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* Powerful builtin analysis libraries
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Chenncal Kifetics
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* Interactive Problem-Solver notebooks

» Add-on analysis toolkits
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Visualize

* Fast OpenGL 3D data visualization

* |nteractive 2D and 3D graphs

» Engineering and scientific graphs

* Customizable plots, axes, and legends
* Colored lighting and transparency

* Graphical animation

Report

* Integrated report generation and analysis
* Interactive report layout and design
¢ Connectivity with Microsoft Office
* High resolution printing
* Annotation using embedded
ActiveX objects
* OLE Automation interface with
LabVIEW and Visual Basic

Now on Windows 95 and Windows NT!
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TO CONVERT REAL-TIME COMPUTER

- GRAPHICS TO VIDEO. ..

1280x1024
Compuler
Display

...and get the best possible image,
you will need the Model 9400JR or
Model 9700XL from Folsom Research.

NISC/PAL Monitor

You're looking at the two best autosync video scan converters available anywhere.

Both can turn your high-resolution desktop workstation, PC or Mac presentations into
broadcast-quality videos. The 9400JR is built for the same top performance and excellent
picture quality as our top-of-the-line unit. It is the most affordable true broadcast-quality
scan converter made. The 9700XL, built for absolute control and flexibility, is the most

powerful scan converter made. Period.

9400/R

Interlaced and
Non-Interlaced
Sources

85 KHz Input
(true autosync)

NTSC/PAL Loop-Thru S-Video RGB
True Broadcast Image Size and  (on BNC & VGA Inputs)  (Y/C)
Quality Position Control Genlockable

Free RS-232

Win95/NT 4.0

Control Software

100 KHz Input

(true autosync)

NTS(/PAL Loop-Thru S-Video RGB/Belacam  SDIDI

True Broadcast (on BNC & VGA lnpuh) Y/ 31.5 KHz CCIR 6{)[

Quality Dynamic Pan Genlockable (other custom Option
and Zoom outputs available)

SEE US AT SIGGRAPH
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To see all of the powerful
Seatures, call for your free
demo today.

Folsom

RESEARTCH

526 East Bidwell Street
Folsom, CA 95630-3119
Tel (916)983-1500

Fax (916)983-7236
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- THE BEST CFD SOLUTION
ON THE PLANET

-

Power indusfry

Automotive
Lv’ Industrial
(f Bio»enginnériﬁ'_g
' Metal processing e 1 " Chemical combustion | |
Trying to solve real-world fluid flow problems? . CFD2000 is a powerful engineering tool that can solve your fluid flow

Finding commercial ‘CFD  solie B problems, whether you need fo investigate the intricacies of blood flow in the
9 P finiest capillaries of the human body, or compute the spread of an airborne
pollutant over half a continent. CFD2000 can do it all. And with CFD2000's
earthbound? Search no more. intuitive 3D model-building tools and intelligent menus, you are guided each step

of the way—from grid generation fo visualization.

astronomical, with capabilities that are decidedly

rmance. CFD2000 is fully compatible across desktop workstation platforms,
and runs under both UNIX and Windows 95/NT. And, thanks to Adapfive’s
twenty years’ experience in software optimization

and algorithm development, CFD2000 delivers

4 i
the fastest number crunching capability Jd t
around. "i?féf‘ a p Ive@
A ~ RESEARCH

ssi. Our prices are well below what
you'll find in other CFD software
packages, and our CFD turnkey systems 2901 28th Street, Suite 300

. Santa Monica, California 90405
i - :
;te;]:izesr cost-performance solution on (800) 326.5155, Fax (310) 314-2323

4960 Corporate Drive, Suite 100
You won't find a CFD capability that Huntsville, Alabama 35805
compares fto CFD2000 at such an (205) 830-2620, Fax (205) 830-2628

affordable price. You'll be amazed at  Email: sales@adaptive-research.com

Complete CFD turnkey systems available

a Division of
¥ Pacific-Sierra Research Corporation

Windows NT ¢ Pentium Pro or Alpha systems

CFD2000 is a registered trademark of Adaptive Research. Pentium is a registered trademark of Intel Corporation. Windows 95 and Windows NT are registered trademarks of Microsoft Corporation.
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What Is Boundless

PROFESSIONAL EDITION

TechOptimizer Professional Edition is the (s
only software product that assists you in the
conceptual stage of design. This product offers you
a systematic approach for thinking outside the box
and generating new solutions without compromise.
TechOptimizer Professional Edition helps you
out-think your competition by guiding your thought
process. This unique software tool helps you to
correctly state and solve your problems across many
e fields of engineering.
Best New Produc:  TechOptimizer Professional Edition allows you to:

= Speed the development of new products/processes Invention

* Avoid expensive errors in the early stages of design
m * Enhance inventive ideas by expanding your Machine
e knowledge-base X -
St Software That Invents’

Call about our FREE seminars and FREE Demo Disk!

800-595-5500 www.invention-machine.com
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701 Brooks Ave South

' Thief River Falls MN 56701
3 » Rated#1 for On-Time Delivery! TolF-Free: 1-800-344-4539 *Fax: 218-681-3380
©  seopm entaitme 5 Years in a Row! Order Online www digi key.com
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These empty plastic milk jugs are on their way to
becoming a lightweight insulation for rescue blan-
kets and clothing. NASA's Ames Research Center
worked with researchers at 5.0. Miller & Assaciates
of Flagstaff, AZ, to develop a metal spacecraft insu-
lation using a new honeycomb structure that is
more efficient than fibers. A commercialized ver-
sion of the insulation, made of the recycled plastic
Jjugs, provides four times the warmth of wool, even
when wet. For more information, see Mission
Accomplished on page 20.
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When the Engineering
Has to be Right”

Algor, Inc.
150 Beta Drive, Pittsburgh, PA 15238-2932 USA
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Data visualization software [llus
plex 2D and 3D fluid flow and heat
problems. These pressure contours on n
impeller in a crystallizer were visualized with
/ (press Version 3.1 from Advanced Vis L
of Waltham, MA. The ribbons illus-
e the flow around the impeller. See New
‘Disk on page 89 for information on this
w software.
mwmsy of AEA Technology plc and
- Advanced Visual Systems
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On-target solutions.

E-A-R applications engineers combine
cornplete diagnostic tools with the
industry’s widest selection of mechani-
cal energy control materials to deliver
cost-effective solutions that meet tight
product design cycles.

Design engineers wordwide specify
ISOLOSS and ISODAMP components to
reduce shock, vibration, noise and
excess motion in tightly packed
electromechanical devices —without

the sway space required by rubber or
neoprene isolators

= Custorn-engineered shock control
components for hand-held paging and
telecommunications dewvices incorporate
the latest CAD-tc-to0] technology for
quick-tumaround prototypes.

= Off-the-shelf isolation mounts eliminate
accuracy-robbing vibration and reduce dis-

Proven in applications. tracting noise in precision lab equipment.

Available in & vaniety of propnetary
formulations — standard configurations,

Let E-A-R help make the difference in
your product. Call our Customer Service

iCustom-ﬂes»gned componants protect Hot Line, 317-692-3000, for an isolator 3
L {J mgl

or as pan of a custom-devised package -
high-performance E-A-R molded compo-
nents can provide the critical difference
for virtually any OEM application

sensitive electronics and LCD displays in
portable computer penpherals — enhanc-
ing product reliability and extending MTBF
(mean time between failures)

guide, technical data sheets, samples -
or to request angineering design assistance.
For More Information Circle No. 675

solution engineering for vibration,
shock, noise & cushioning

7911 Zionsville Road
Indianapolis, Indiana 46268

:

Phone: 317-692-1111
Fane: 317-692-3111
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SUPERVIEW OFFERS

Up to 6 real time video windows
Windows scaleable to full screen

Optional inputs for FLIR, radar,
VGA and medical imagers

Text and graphics overlays on
video

Compatibility with all high
resolution graphics controllers

Video windowing systems are available in
standalone and board level configurations
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The Mac Os Report

Number two in a series—the facts about Mac 0S 8

Mac" 0§ 8 is coming. Tt will give you,
and millions of other Macintosh users,
awhole newway of working,

It will grve your Apple
Macintosh computer (o, for that
matter, any other
Mac 0S computer of
your choice) a dramatic new
look and feel, alongwith all kinds of enhanced capa-
bilities for aceessing the Internet

Itwill also st an entirely new standard of powerful,

infutive cormputing — 2 standard the competition can try
to catch up o, (Again)

A new way of working

The moment you start using Mac 05 8, youll feel
the difference: you'll find yourself accomplishing more in
less time. A multi-threaded Finder”lets you execute mul-
tiple tasks simultaneously, such as kunching applications
and copying files. Mac 08 8 includes new information-
management tools, such as contextual pop-up menus
and spring-loaded folders, that give you quicker and ezsier
aceess to all your information. A scalible environmient
lets you either limit your menu and window options, or
expand them —whichever works better for you. A new,
dimensional look makes the interface more dynamic
and engaging than ever And Mac 05 8 also includes the
latest versions of QuickTime" with its MPEG support,

e (uicKTime VR and
QuickDeaw* 3D

How easv is it
10 get going with all
these new technolo-
: —— gies and features?
Very. Because our new installer dnd setup sssistants take
you through each step of configuring sour new system

software Once you're up and running, F‘ov.erPﬂ‘-ﬂ
mdeimprmea your perfumnnca Mac I)S 8 is alsp o=

hardware .md software.,

A new way of accessing
the Internet

Mac OS 8 includes TCP/IP and PPP for easy network
opmoern access direct from the Finder You get Netscape
Nawigator” Microsoft ‘Internet Explorer"and the PointCast

Network™ And 2 new Internet Setup Assistant makes it
gatsier than ever to get on the Net, whetheryou're doing

ftfrom home with 2 modem o from work with 2 high-

speed eonnection, Personal web sharing is tandard, so you
can tarn any Mac into

an Internet web server.
And Java” support is
built in, soyou can run

- Java applications just
mllnghllmman\ other deskiop applications, (If you
werewondering, Windows'95 can't do this)

And more advancements
are on theaway

hhc(ﬁﬂmumd’ﬂmm#m ™ in
mmﬁmm&wwwwhmm
will contirwe for vears.

At the same time, weie alsoworking on an industrigl-
swrength 08, code-named Rhapsody, that il offer features
such as protected memory, preemplive multitasking and
symmetric multiprocessing. Rhapsody will also provide
E ‘Ckmibmﬂ]lﬂihﬂhy.sowum be sure that the vast
smajorty of your Mac 05 apps wil ru on Riupeod g
imovate, Lo/l e e -
s on the marke, That one part o cur s i
won't chrange. T learn more, visit wywmacos apple.com.
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NASA NASA's R&D efforts produce a robust supply of promising technologies with applications in many
. industries. A key mechanism in identifying commercial applications for this technology is NASA's
Commercial | ;ational 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’s Technology Sources NASA Program Offices

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.

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 Johnson Space Langley Research Marshall Space business units is: NASA Headquarters,
Center - Contay ot FlghtCenter . 300 E St. SW, Washington, DC 20546.
Fluid Dynamics; Earth and Artificial Agrodynamics; Materials; Small Business Office of Aeronautics
Life Sciences: Planetary Intelligence Flight Systems; Manufacturing; Rovalian Resetwsh (Code R)
Earth and Science and Human Materials; Nondestructive P SBIR) & 2358-4711
Atmospheric Missions; LIDAR; ICbmpuwr Structures; Evaluation; Small lnilnus) ggt)w

: nterface; Sensors; Biotechnology; i
lsamnfonnnﬁnn‘ Cryoguﬂcsm Life Sciences; Measurements; Space i Technology Transfer hq.nasa.gov
Communications,  Tracking; Human Space Information Propuision; Program (STTR) Bill Smith
and Intelligent Telemetry; Flight Operations; ~ Sciences. Controls and (208) 358-4652 Office of Space Sciences
Systems; Command. Avionics; Sensors;  Dr. Joseph S. Dynamics; cray@mail.hq. (Code'S)
Human Factors.  George Alcom ~ Communications.  Heyman Structures; B 74 (202) 358-2473
Bruce Webbon (301) 286-5810 Hank Davis (804) 864-6006 Microgravity s ticiion 0,
(415)604-6646  galcom@gsfc. (713) 483-0474  j.s.heyman FIUPEND Dr. Robert Norwood  hq.nasa,
wsthontonl.  mesbecw hdavis@gp101jsc.  @larc.nasa.gov  Harry Craft o<l b AP b=
arc.nasa.gov nesa.gov (205) 544-5419 Space Transportation Bert Hansen

Jet Propulsion harry.craft@msfc. Technology (Code R) Office of Microgravity

Dryden Flight Laboratory Kennedy Space TR O, 358-2320 Science Applications
Research Center Selected techno-  Center Lewis Research mmonmodﬂ i (Code U)
Selected techno-  logical strengths:  Selected techno-  Center iy (202) 358-1958
logical strengths:  Near/Deep- logical strengths:  Selected techno-  Stennis Space Ry bhansen@gm.oimsa.
Aerodynamics;  SpaceMission Environmental logical strengths:  Center hq.nasa.gov
Aeronautics Engineering; Monitoring; Aeropropuision;  Selected techno- oy oo :
Flight Testing; Sensors; Comosion ~ Communications; 1090l strengths:  gysee o gpace Flight  Granville Paules
Aeropropulsion;  Space Protection; Energy Propulsion (Code M) Office of Mission to
Flight Systems Communications;  Bio-Sciences; Technology; Systems; (202) 358-1417 Planet Earth
Thermal Testing;  Information Process Modeling,  High Test/Monitoring; phodge@osfms1.hq. (Code Y)
integrated Systems; Work Planning/ Temperature Remote Sensing; nasa.gov A (202) 358-0706
Systems Test Remote Sensing;  Control: Materials Nonintrusive gpaules@mtpe.hg.
and Validation, Robotics. Meteorology. Research. Instrumentation. nasa.gov
Lee Duke Merle McKenzie  Gale Allen Ann Heyward Kirk Sharp
(805) 258-3802 (818) 354-2577 (407) 867-8035 (216) 433-3484 (601) 688-1929
duke@loule.difrf. merle.mckenzie@ galeallen-1@ ann.o.heyward@ ksharp@
nasa.gov ccmail jpl.nasa.gov  ksc.nasa.gov Iercnasa.y:ov Ssc.nasa.gov 'IASA'S BIISIIIOSS Fac.lm‘on

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

NASA-Sponsored Commercial Technology Organizations

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

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

Dr. David Moran

Dr. William Gasko

Gary Sera

Chris Coburn

promise.

National Technology Center for Technology Mid-Continent Great Lakes Industrial Karen Robbins Joe Boeddeker
Transfer Center Commercialization Technology Transfer Technology Transfer American Technology ~ Ames Technology
(800) 678-6882 Massachusetts Center Center Initiative Commercialization
Technology Park Texas A&M University  Battelle Memorial Menlo Park, CA Center
(508) 870-0042 (409) 845-8762 Institute (415) 325-5353 San Jose, CA
Ken Dozier (216) 734-0094 (408) 557-6799
Far-West Technology J. Ronald Thornton Lani S. Hummel Dr. Jill Fabricant
Transfer Center Southern Technology Mid-Atlantic Technology Jol'mso Tocknol Bt Modiaon
University of Southern  Applications Center Applications Center S IR——
Califomia e of Florida University of Pittsbural Commercialization Mississippi
(213) 743-2353 (904) 462-3913 (412) 383-2500 Center Enterprise for
Houston, TX Technology
NASA ON-LINE: Go to NASA's Commercial Technology Network (CTN) on the World Wide Web at e gl Center, MS
http://nctn.hq.nasa.gov to search NASA technology resources, find commercialization opportunities, (800) 7;3&4@9

and learn about NASA's national network of programs, organizations, and services dedicated 1o tech-
nology transfer and commercialization.

If you are interested in information, applications, and services relating to satellite and aerial data for Earth resources, contact: Dr. Stan Morain, Earth Analysis Center, (505) 277-3622.
For software developed with NASA funding, contact the Computer Software Management and Information Center (COSMIC) at phone: (708) 542-3265; Fax: (T06) 542-
4807; E-mall: hitp://www.cosmic.uga.edu or service@cosmic.uga.edu.
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WHITE WATER.

AN ADRENALINE RUSH

OR YEARS AT INLAND PAPERBOARD AN BEARINGS ON THEIR WIRE RETURN ROLLS TO PUT
PACKACING, INC'S CORRUCATING MEDIUM MILL ~HEM TO THE TEST

N NEWPORT, INDIANA, A TREACHEROUS STRETCH OF THE TDC BEARINGS SUCCEEDED FAR BEYOND
WHITE WATER WAS ENDING BEARINGS TO A INLAND 5 EXPECTATIONS. IN FACT, AFTER MORE

WATERY GRAVE, CONTINUALLY BATHED IN CORROSIVE THAN THREE YEARS IN SERVICE, THEY'VE YET TO

FAILING AT A RATE OF OME EVERY FOUR MONTHS THIS LED TO THAT THEY RE NOW usinG TDC N THEIR FELT ROLL POSITIONS

TTING NEW STANDARDS IN BEARING PERFORMANCE AMD
Y IS ALL IN A DAY'S WORK FOR THE PEOPLE AT TORRINGTON

INUALLY DEVELOPING INNOVATIVE SOLUTIONS TO HELP

PROVIDE SUPERIOR PERFORMANMCE AND RESIST RUST AND CORRCSION WR CUSTOMERS THRIVE UNDER EVEN THE MOST ADVERSE COMDITIONS

EVEN IN THE HARSHEST Envizonments Just  THE TORRINGTON COMPANY, Incuuonc cuurine TORRINGTON
WHAT INLAND NEEDED. THEY INSTALLED TDC WHATEVER IT TAKES. WHITE WATER INGERSOLL-RAND



espel parts can
andle some of

the toughest jobs.

Like paying for
themselves.

Everyone knows that Vespel® polyimide parts
improve performance in severe service applica-
tions by withstanding extreme heat, friction,
pressure and contamination —with minimal
or no lubrication. But now manufacturers
who use Vespel parts in general applica-
tions are beginning to notice improvements

http://www.dupont.com/enggpolymers/americas

somewhere else; the bottom line. That’s because
the reliability and long life of Vespel parts can
make them the most cost-effective choice for
general applications in the long term.

If your applications require parts that can
withstand extreme temperatures (350°F to550°F),
Vespel should be your first choice. Vespel should



Seal Rings. In the assembly
@ of automobile transmissions, Vespel

seal rings reduce costs by replacing

insulators provide expensive metal rings, which can fracture or
superior strength and durability i deform during assembly. They also reduce
at high temperatures up o & o warranty costs by producing a beiter seal.
SS0°F, lasting up to six
nimes longer than
Jragile ceramic
inswlators,

Insulators. In plasma-arc
cuitting torches, Vespel

Thrust
Washers.
In farm
rractor transmissions,
Vespe! thrust washers
reduce cosis and
manufacturing
time by eliminaring
the need for
secondary
machining.
Vespel washers
also exhibit high
performance and
low wear with limited
or no lubricarion

Bearings.

In photocopiers,

Veespel composite
idler gear hub bushings are
a cost-effective alternative
to metal. The Vespel parts
prov ide ultra-high
temperature resistance and
dimensional stability while
.-ifcr{u_g a low rmﬁ}c'irnr of
friction, as well as long life
without lubrication.

In gircraft

‘ engine

vanes, Vespel
bushings withstand
high-frequency
vibration dithering
and offer excellent
stabiliry and lubricity
at high remperanires. They also reduce assembly rime.

Bushings.

Wear Strips.
In textile equipment,
Vespel tenter frame

clip wear strips reduce costs by
eliminating the need for lubrication. They
also improve lextile manafachering quality
by eliminating oil contamination, and

provide good wear and temperature resistance.

also be considered if you have parts that [ evouwantto | And Vespel parts can be direct-formed,
rub together, if metal parts are too noisy, | GETTECHNICAL | which eliminates machining costs.

or if fluid flow needs to be controlled. Pl 3‘33'?:’2‘?":« When you consider how cost-effective
Superior strength and reliability |orwiteDuontvesper| Vespel parts can be in the long term, it’s

aren’t the only ways Vespel can save you | e sgan s | clear that we don't just make better
money. Often, you can consolidate two | BeomfiedHiis M | bushings, bearings, washers and seals.

o ; = : AB3A13R
Or more existing parts in one Vespel piece. We make better sense.

Vespel

Only by DuPont For More Information Circle No. 530




Notebook

TSPs Go Digital

his month we are introducing an

exciting new service for our read-
ers. Technical Support Packages
(TSPs), which provide more informa-
tion about the innovations described in
tech briefs, now are available on-line at
the NASA Tech H:‘Je'f{ web  site —
www.nasatech.com. Simply click on the

TSP button on the home page and fol-
low the prompts to view and download
as many packages as vou would like at
no charge (U.S. only).

This issue’s TSPs are "up” now, and
future issues will be added to create a
six-month rotating inventory. Packages
from prior issues — those dating back

POWER AND FLUID MANAGEMENT
SYSTEMS FROM DAYCO/EASTMAN.

Dayco Products and
Imperial Eastman com-
bined to bring you one of
the most comprehensive
lines of hydraulic hose,
couplings and accessories
available today

The result; the
newly-consolidated
Dayco/Eastman Catalog
Included are more than

format

300 pages of Power and
Fluid Management sys-
tems, accessories and

crimping equipment in
an easy-to-use, indexed

To order your coy
or for the name of your
nearest Dayco/Eastman
Power and Fluid

Management Systems m"—ﬁ_

distnbutor, contact:

Dayco Products, Inc.

1 Prestige Place

P O Box 1004

Dayton, OH 45401-1004
Fhone: (B00) 2683-2926
Fax: (B00) 688-4854
htp//www.dayco.com

DY,

16 For More Information Circle No. 401

more than six months — will be
archived and available from the
National Technology Transfer Center
in Wheeling, WV.

You still can receive paper copies of
TSPs via standard mail by completing
the *TSP Order
magazine. To help recover costs, there
now is a modest $5.00 postage and han-
dling fee for each hard-copy TSP. Use
the “Free Information Request Card” for
all other editorial and advertising
inquiries. For quicker service, use the
new fax form on page 81

Card” bound in the

Share Your Ideas On-line

We invite you to explore the many
other new features of the NASA Tech
Briefs weh site. For starters, you can sub-
scribe or renew your subscription elec-
tronically, post questions and share ideas
in the new on-line Reader Forum, and
preview highlights of upcoming issues.
You also can learn about NASA's nation-
wide network of R&D centers and con-
nect to their web sites, search NASA
patent abstracts, and locate vendors and
services in the "Hot Products™ section.

Morcover, you can get complete
details about the NASA Tech Briefsspon-
sored Technology 2007 conference com-
ing to Boston's Hynes Convention
Center September 22-24, and obtain
papers from last year’s evenlt

There’s much more to come, includ-
ing a “Career Opportunities” section
where readers will be able to post posi-
tions wanted, scan offerings from major
companies, and get expert advice.

Please give us your comments and sug-
gestions for the web site and magazine
when you sign our guest book, the first
option you will see when you hit the
home page. Our goal is to make NASA
Tech Briefs as relevant as possible to your
needs and interests. I personally read
every feedback card and on-line com-
ment you send — with this goal in mind
— 50 please keep them coming.

| L
e b
L
Joseph Pramberger
Publisher
joe@abptuf.org
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New release!

MATLAB 5

The Language of
Technical Computing

New features include:

* Data structures and types, including multidimensional arrays

s : . INew editor/debugger simplifies
and user-definable objects MATLAB code development

for analysis, algorithm design,

* Programming environment with visual debugging, interactive and system prototyping.
performance optimization, and online references

* Interactive graphical interface (GUI) layout and development
* Fast, accurate advanced visualization and 3-D modeling

* Visual interfaces for Signal Processing and Control System
Toolboxes and a new release of SIMULINK®

MATLAR lets vou model
complex daia graphucally.
Here, lighting effects highlight

Available Now! wogrphydate.Source NOA
Call 508-647-7000

To find out more about MATLAB 5, SIMULNK 2, and the new toolbox updates,
call now and request KP167 to receive your free edition of MATLAB 5 News & Nofes.

http:/ /www.mathworks.com/ntb

New GUIs in Signal Processing

For more information on our Connections OEM/VAR program, visit our Web site Toolbox 4.0 make signal analysis
MATH o hitp:/ /wwwmethworks.com/ oem, or call us of 508-647-7253. Rt s
Lﬁi Cl:x The Mathorks, . » 24 Prime Pork Way, Nesch, MA 01760-1500 USA « e (508} 6477000 @ ex: (508) 647.7101 o e-unt. ifo@rmatwrks.com b/ /v s com

Erployment opportunitier hity//www mofirworks com/newjobe rimd @ WATLAB in Edurmiion. bty // edurnfion mathwerks rom
The Mathitvorks & represensd m. Austradla: + 61-2952246311 + Benelux: + 3140182-53 7544 » Brazik: + 55-11-4816-3144 + Czech Republic: « 42-2.08-44174 + France: + 01-23-41-1457-14 » Germany/ustria: + 43-24 1470750
Inche: + G1-80-5-540336 + lorpe: « G72.3-581 5151 + Maly: + 36 11-24-85-750 « Japan: + B1-3-5578-5410 « Kome: + K2-2-558-1257 » Mew Zaaland: + 6472300100 » Poland: + £8-12-17-33-48 « Scandinavi: + 628153022
Singapora/Malaysa: « £5-8424222  South Africa: + 27-11-325-6238 » SpainPortugal: + 345134154904+ Switzactand: « 41318600082 » Tabwas: + B5-2501-8757 » Uinited Kingdom: + 441223423200

© 1597 by The MathWorks, inc. All Rights Resarved MATLAB and SIMULINK are regisioced i ol Tha MathWorks, inc. Cther products or brand names are s or rics of their hoiders

For More information Circle No. 660



—NASA NEWS BRIEFs—

Five project teams from NASA's
Ames Research Center with technolo-
gies deemed to have commercial spin-
off potential to private industry
recently were awarded funding of up

to $75,000 each wunder the
Commercial Technology Projects
Fund (CTPF) program.

* The Thermoclectrically Cooled

Diode Laser Spectrometer for a
13C/12C Medical Breath Test (pro-
ject led by Glenn C. Carle) will be
used in patient breath tests to provide
medical diagnostic information about
organs such as the liver and stomach.

® Environment for Computational In-
telligence (project led by Dr. Silvano
Colombaneo) includes several features
for combining fuzzy control with rein-
forcement learning, a neural nerwork
technology for automatic learning in
difficult environments,

* The Remote Sensing Support for
Wine-Grape Harvest project (led by
David L. Peterson) is expected to
help increase wine production effi-
ciency through improved planning
and deployment of field-sampling
personnel.

* Robotic Neurosurgery Leading to

Dr. Frank Tatom explains the research that has gone into developing his
seismic tornado detection and warning system.

18

Multimodality Devices for Tissues
Identification (project led by Dr
Robert W. Mah) will improve diagnos-
tic accuracy and make surgery more
precise. Robotic neurosurgery also
could be controlled remotely.

The VRML-Based Remote Science
Visualization Tools project (led by Dr.
Michael H. Sims) will develop a
remote science visualization software
prototype that can run on low-cost
computer workstations, enabling
widespread use in the science and
technical communities.

For more information on the CTPF pro-
gram, contact Robert Callaway of Ames
Research Center at 413-604-0039,

e ___]

Tornadoes can strike anywhere at any
time of the day or night. While those
that occur during daylight hours can be
seen a mile or so away on the ground,
there often is little or no warning of tor-
nadoes spawned from storms at night.
Research conducted at NASA's Marshall
Space Flight Center could make possi-
ble an accurate tornado warning system
for homes and communities.

The Marshall research involved cal-
culating turbulent
pressure fluctuations
on the surface of the
space shuttle during
atmospheric flight
The fluctuations pro-
duced noise and
vibrations inside the
shuttle. Dr. Frank
Tatom, president of
Engineering Analysis
of Huntsville, AL,
completed a study
for the Department
of Commerce’'s Na-
tional Oceanic and
Atmospheric Admin-
istration that used
the Marshall re-
search, which prompt-
ed Tatom “to exam-
ine the possibility
that turbulent pres-
sure fluctuations in-
side a tornado in
contact with the
ground should pro-
duce seismic waves."

1f these vibrations

www.nasatech.com

can be isolated and identified, a warning
system for tornadoes in contact with the
ground — tuned to that frequency
range and combined with appropriate
filters — should be feasible, Tatom con-
cluded. He has developed o types of
concept instruments using his compa-
ny's funds: one is a network warning sys-
tem with 20 or more sites that would be
linked to city or county emergency cen-
ters and would be used in conjunction
with Doppler radar; the other is a resi-
dential model for homes and workplaces
that would be linked to a home alarm
system — similar to a smoke detector
but with a different type of signal to dis-
tinguish between the two.

For more information, conlact Bob Lessels
of Marshall Space Flight Center’s
Technology Transfer Office at 205-544-
6539; fax: 205-544-3278.

T =

Johns Hopkins University's School of
Medicine in Baltimore, MD, and
Applied Physics Technology of Laurel,
MD, have teamed with NASA's Johnson
Space Center to form a new institute to
study the medical risks and needs of
people on long-term space missions.
The National Space Biomedical
Research Institute, led by Baylor School
of Medicine in Houston, TX, began
operation on June 1 with a five-year, $50
million contract that could be extended
to 20 years and $145 million.

The Institute, sponsored by NASA
Johnson, will be the focal point of
NASA-sponsored biomedical research
for supporting long-term human explo-
ration of space. The work also will
enhance the quality of life on Earth by
applying advances in human knowledge
and technology acquired from living
and working in space.

Other members of the Institute's con-
sortium are Harvard Medical School
and the Massachusetts Institute of
Technology (MIT), both of Cambridge,
MA: Morehouse School of Medicine in
Atlanta, GA; Rice University in Houston,
TX; and Texas A&M University in
College Station, TX. As the Institute's
sponsor, NASA Johnson will make avail-
able to the consortium NASA's expertise
in biomedical research and space flight
and the associated facilities and assets
developed over more than 30 years of
human space flight.

NASA Tech Briefs, July 1997



For more information, contact Ben Walhker
of Johns Hopkins University/Applied Physics
Laboratory’s Office of Communications and
Public Affairs at 301-953-6792; e-mail:
ben.walker@jhuapl.edu.

N ——
After 20 years of research and devel-
opment, the tiltrotor aircraft is poised 1o
enter commercial service. The tltrotor
combines the speed and range of a tur-
boprop airplane with the vertical takeoff
and landing capability of a helicopter. In
May, NASA's Ames Research Center,
which manages NASA's Short Haul Civil
Tiltrotor program, marked the 20th
anniversary of the first flight of the XV-
15 Tiltrotor Rescarch Aircraft, the first
proof-of-concept tilrotor aircraft.

In July 1999, Bell Helicopter Textron
of Forth Worth, TX, and Boeing
Defense and Space Group's Helicopters
Division in Philadelphia, PA. plan to
conduct the first flight of a civilian
tiltrotor, the Bell-Boeing 609, a nine-
passenger execuiive transport aircraft,
The world's first production tiltrotor,
the V-22 Osprey, is being built as a mili-
tary aircraft that will carry 24 combat-
ready troops, Both the 609 and the V-22
are direct descendants of the XV-15,
developed under a joint NASA/Army/
Bell program at Ames,

Tiltrotor technology has been one of
the most successful  acronautics
research programs in NASA history,
according to William |. Snyder, manag-
er of the Advanced Tiltrotor Transport
Technology Office at Ames. The XV-15
is still flying at Bell Helicopter
Textron's flight center in Arlington,
I'X. The aircraft had a [5-year career in
flight research at Ames before being
sent to Bell in 1994 for further
research.

NASA Ames is continuing its work on
the tiltrotor concept with studies on the
development of a 40-passenger civil
tiltrotor, which the Department of
Transportation has judged to be techni-
cally, economically, and environmental-
ly feasible.

For more information, contacl Mike
Mewhinney of NASA's Ames Research Conter
at 415-604-3937; email: mmewhinney@
mail.arc.nasa. gov.

R ——

NASA, represented by Marshall Space
Flight Center, and the National Fire
Protection Association (NFPA) have
signed an agreement o transfer tech-
nologies derived from the space pro-
gram to improve safety for firefighters
and the public, All 1en NASA field cen-

NASA Tech Briefs, July 1997

ters will participate. The NFPA will pro-
vide consultation to support work
already underway at Marshall with sev-
eral fire departments. The project will
continue through the yvear 2002,

A working group chaired by Chris
Bramon of Marshall will target ten spe-
cific areas for investigation and re-
search, including: developing a struc-
tural integrity monitor that could antic-
ipate the collapse of
burning  buildings;
designing a personnel
locator system, en-
abling a central site 1
know the presence
and location of emer-
EENCYy SErvices person-
nel; developing a
vehicle-mounted
transponder package
to track vehicles car-
rying hazardous ma-
terials; and develop-
ing a vital signs moni-
tor and transmitteér (o
be worn by emer-
goncy St?l"\l‘"l("cﬁ pl’.‘!’S()l’l-
nel operating in ex-
treme conditions with
high heat, smoke,
dangerous chemi-
cals, and stress.

Other products the
group seeks to develop
include advanced ma-
terials for fire suits
that would protect
against exposure (o
both hazardous chemicals and Hash fires;
an urban search and rescue emitter ta be
worn by citizens in earthquake-prone
areas; a thermal sensing system for instal-
laton in new consuruction that will
detect fires hidden in walls and other
inaccessible areas; a helmet that can be
worn inside an encapsulated suit to pro-
vide heads-up information, personal
communications, and a control capabili-
ty; and a remole sensor (o determine the
temperature of a standing wall without
touching the surface by hand. Providing
on-thespot identification of unknown
materials that may present a hazard to
emergency services personnel also is on
the list of the group's priorities.

For maore information, contact Bob Lessels
of Marshall’s Technology Transfer Office at
205-544-6539; fax: 205-544-3278.

T T ———T |
The Elmer A. Sperry Award, recog-

nizing a distingnished engineering con-
tribution that has advanced the an of
transportation, was presented recently
to Thomas G. Butler (in memoriam)

www.nasatech.com

The XV-15 Tiltrotor Research Aircraft made its first flight 20 years ago at
the Bell Helicopter Textron flight test center. It is still used for research
flight testing and evaluation of new tiltrotar applications.

and Richard H. MacNeal for the devel-
opment of the NASA Suuctural
Analysis (NASTRAN) program. The
award is sponsored by six professional
engineering organizations: The Amer-
ican Society of Mechanical Engineers,
the Institute of Electrical and

Electronics Engineers, the Society of
Automotive Engineers, the Society of
Architects and Marine En-

Naval

gineers, the American Institute of
Aeronautics and Astronautics, and the
American Society of Civil Engineers,

Butler, an engineer at NASA's
Goddard Space Flight Center, was the
innovator of NASTRAN in the 1960s.
MacNeal led his company, the
MacNeal-Schwendler Corporation, in
programming and implementing the
software for public release. When
launched in 1970, NASTRAN intro-
duced thousands of engineers to a new
dimension of mathematical precision
in cvaluating siress in complex struc-
tures, The finite element analysis ol
mathematically solves large, complex
structural analysis problems in engi-
neering disciplines such as tansporta-
tion, contributing to lighter and
stronger aircraft, spacecraft, ships, and
cars. MacNeal-Schwendler secured the
rights to market subsequent versions of
NASTRAN in 1952,

For mare information on the awards, con-
tart Anne Buckley of the American Sociely of
Mechanical Engineers (ASME) Inter-
national at 212-705-8157; email: buckleya@
(.I.S?ﬂ(,ﬂ'lg‘
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ASA's research into the develop-

ment of lightweight metal insulation
for spacecraft has led to a spinoff prod-
uct through the agency's Small
Business Innovation Research (SBIR)
program. Under a Phase 1 SBIR con-
tract with NASA’s Ames Research Cen-
ter, S.I). Miller & Associates, Flagstaff,
AZ, has developed a new honeycomb
structure that is more efficient than fibers
for insulation and will be made from met-
als for high-temperature uses. Plastic
insulation also can be made from materi-
als such as recycled milk bottles.

Working with Ames scientists, re-
searchers have created a lighwweight
plastic insulation for blankets and

clothing that is deemed to be better

than wool. Like wool, the material can
keep a person warm, even when it is
wel. Principal investigator Steve Miller
said that “the blankets are better than

[

Incorporating the same

wool or fleece because
they are non-allergenic
and they dry five times
faster. The new material
is also four times
warmer than wool in
cold and damp condi
vons,” Miller said that
his company plans to
work with ambulance
companies and Red
Cross chapters to evalu-
ate the use of the blan-
kets. Currenty, 250 of
the blankets are being
evaluated for use in
emergencies by Ames’
Disaster Assistance and
Rescue Team.

“This could be a
breakthrough material
for spacecraft insula-
tion,” said Dr. Susan
White, a materials sci-
entist acting as NASA's
technical representa-
uve for the SBIR con-
tract. Metal honey-
comb insulation used
on future spacecrafi
could significantly re.
duce launch weight and launch costs,
according to Miller.

S5.D. Miller recently was awarded a
Phase II, two-year, $600,000 SBIR con-

The lightweight plastic insulation, when used in clothing, can keep a
person warm, even when it is wet, and is non-allergenic.

tract to work with Ames scientists and
other research institutions to demon-
strate the insulation efficiency of the
new material to more than 1093°C. In
keeping with SBIR pro-

b concept used to manufacture metallic spacecraft insulation (left), a new structure was

gram goals, the new
insulation technology
would be commercial-
ized without govern-
ment financial support.
Production of rescue
blankets may result in 15
new jobs, said Miller, and
70 new jobs to make the
spacecraft insulation.

For more information,
contact Dr. Susan White
of NASA Ames at 415-
604-6617; email: swhile
@mail.arc. nasa.gov; or
Steve  Miller of S.D.
Miller & Assaciates at
520-779-2056; email:
s.miller@flaglink. com.

designed for the manufacture of plastic insulation made of recycled plastic milk jugs. The plastic insulation is used in

rescue blankets (right).
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Backup 64 GB An Hour To The
Strongest Tape Ever Made

Let's face it, your backup is only as good as your tape. And all the performance
in the world won't get your data back if your tape is weak or dirty. Fortunately,
there's no need to compromise. The CY-8000 is the safest, the most TS
reliable, and the fastest 8mm tape drive on the market. i‘?ﬂ
The CY-8000 uses Advanced Metal Evaporated media, a -';mm =
100% cobalt, 2-layer tape that features a diamond-like coating for B125 CBonmabinpe
exceptional durability. And it's the only 8mm drive with a built-in head cleaner
to keep the tape path free of contaminants, further ensuring data integrity and
virtually eliminating the time and expense associated with cleaning kits.
In addition to superior design, the CY-8000 offers unbeatable performance. Able
to store 25 GB at 3 MBS, uncompressed, you can achieve up to 125 GB at 9 MBS
with optional data compression. With 257% more capacity and 500%
greater speed’ than industry standard 8mm drives, the CY-8000 can
backup faster to fewer tapes.
ook o For maximum flexibility, our exclusive Advanced SCSI
(AN o Processor option provides five recording modes — striping,
mirroring, cascade, independent, and offline copy/verify. So you can
easily make duplicate tapes for off-site storage or data exchange, build fault
lolerance, or simply maximize performance to accomplish bigger backups in
less time. With the Advanced SCSI Processor, you've got a complete data
storage management tool.
Available in a single or multi-drive desktop, rack mount, or library "'*:i’":';‘;.z:;”
configuration, the CY-8000 is scalable to 15.75 terabytes. If you need to 12t
ensure the safety of your company's critical data, don't trust anything less.

T (757) 833-9000

are even move impressive with data compression. F o ;_‘F_‘NET ( :S

111 Cybemetics Way = Yorktown, VA 23693 = Fax (757) 833-3300
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L) ccomplished

Early space shuttles were plagued by
the loss of protective tiles during reentry,
a serious problem since losing (oo many
tiles could cause the shuttle to burn up on
reentry. An investigation by NASA's
Johnson Space Center determined that
the glues used 10 hold the tiles in place
were modified chemically by reactive
gases while the shutle was in low-Earth

orbit. New materials were tested that
solved the problem and led w Flowing
Discharge Radical Chemistry (FDRC)
changes in surface characteristics. In an
exclusive licensing agreement with NASA,
FlowGenix, a biomaterials company in
Webster, TX, commercialized the FDRC
technology and its use for reating various
materials such as porous polymers,

Announcing a New 40MHz 7x7 Convolver

Once again, Sumitomo proves itself an innovative leader.
Take our new IP90C27 advanced convolver. It handles a variety of

kemel shapes and sizes and is easy to use. The IP90C27 can also
be cascaded to expand kemel sizes and to handle 16-bit data.
These other Sumitomo products also offer briliant hardware
solutions in a wide range of applications.
<> HISTOGRAM/PROJECTION PROCESSORS
<> COLOR AND GRAYSCALE MEMORY CONTROLLERS
<> IMAGE ROTATION/ZOOM PROCESSORS

<
y
4

please contact:

/ . <;> SUMITOMO METALS

1-800-392-4447
5201 Great America Parkway

Park 80 West Plaza 1
3rd Floor
Saddle Brook, NJ 07663
Phone: (201) 845-0980
Fax: (201) 845-5139

4ch MULTIPLIER/ACGUMULATOR
<> LABELING/BLOB ANALYSIS PROCESSORS
& <> TEMPLATE MATCHING PROCESSOR - AND MORE
For detailed specffications and additional information on Sumitoma's
family of pipeline processors for image processing and machine vision,

Suite 320

Santa Clara, CA 95054

Phone: (408) 982-2503
Fax: (408) 962-2522

2 For More information Circle No. 432

Space near Earth is a vacuum that con-
tains oxygen and other reactive gases acti-
vated by the Sun. These gases can be pro-
duced under Earth conditions but at high
energy, which has damaging effecis to
polymer materials. FlowGenix's break-
through process produced new “cold”
reactive gases that modify surfaces with-
out damage. A gas stream flows under low
pressure through a special reactor in
FDRC. The reactor’s shape and electric
design enable a large volume of reactive
atoms or molecules, called radicals, to
form as gas moves through the plasma
zone. The gas cools and becomes more

Dr. Jill Fabricant (right), President of FlowGenix,
and Dr. Steve Koontz, Director of Research, dis-

pure as it diffuses away from the zone.
The gas thoroughly. but gently, modifies
the surfaces it touches, turning a simple
material into a high-tech, high-value-
added component.

FlowGenix imtially will focus on
biotechnology applications for disposable
products to make and purify DNA. The
FDRC technology allows DNA synthesis
supports, chromatography media, and
diagnostic cassettes to be made from inex-
pensive porous sintered polymer filters,
which can be loaded interstitially for bio-
chemical purposes. The products offer
greater loading capacities, good dimen-
sional stability, superior flow rates, less
reagent utilization, significantly lower
costs, and design flexibility. They substan-
tially shorten cycle times for biopharma-
ceutical production and development.
Markets for small and large-scale synthe-
sis suppors and chromatography prod-
ucts are expected to exceed $300 million
this year and $900 million by 2001.

For more information, contact Dr. fill D.
Fabricant of FowGenix at 281-316-1070;
email:  jfalricant@flowgenix.com;  hitp://
wnne, flowgenix.com.
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Technical Furnishing under
he symbol of the knight.

Data management - productive and economic

* LAN workstations based on elidos:

d— straightforward cabling, ¢asy integration of computers and monitors
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I i i
newghi-adjustable workt s, erqonomic and

* 19" LAN racks and enclosures:
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iy ra[ petween overgll space ang usetul SPale, rasy asse mbly and reassen iy,
neat cabling
Your LAN Technology = protection and integration i the tradition ol
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Take a look at our innovative range of high tech
consoles and the multiuse 19" rack miracel: http://www.knuerr.de

The dacobas modular : : ' | Universal application in

industrial furnishing ey § all areas is guaranteed by
2 system provides un- Ty the design of the miracel
e limited flexibility for v : 19" rack for electronics:
=y 8 individual applications. : a stable lightweight, cost-
: P Standard modules k A effective multiuse rack
; facilitate upgrading and ; B system.

future expansion.

w

excellent

NORR USA Inc. - 1890 North Voyager Avenue - Simi Valley, CA 93063 - Tel. (805) 5 26-77 33 - Fax (805) 5 84-83 71  [Fian
NURR USA East « 120 Northpoint Court - Blythewood, SC 29016 - Tel. (8 03) 7 86-26 66 - Fax (8 03) 7 86-24 44
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Reader Forum

Reader Forum is devoted to the thoughts, concerns, questions, and comments of our readers. If you have a comment, a question regarding
a specific technical problem, or an answer o a qu@c!ﬂiml that appeared in a recent issue, send your letier to the address below.

I'm chairman of an agency that ser-
vices consumers who are mentally
retarded or have a developmental dis-
ability We employ many of these con-
sumers in a business that refurbishes rail
car seats. Currently we have a contract
to make a permanent impression on
vinyl seat covers that looks like a sewn
seam. Some equipment we've looked at
to do the job costs $20,000 or more. We
need a less costly way to do this. Can
you refer me to a source that might be
able to help us?

Gene Krumm
Board Chair

Allegany ARC
Wellsville, NY

The March Reader Forum included a
request from Joseph Hunter for fractal
image campression technigues for DOS
and/or Windows. There are a number of

techniques and software available. The
Internet has several news groups dedi-
cated to compression, in which fractal
compression is discussed; other Internet
sites are dedicated to fractal technology.
There are PC-based code/decode pack-
ages available with source code. | sug-
gest to Mr. Hunter that an Internet
search be his starting point since there
are a number of graduate students
working to develop better algorithms -
direct electronic correspondence with
them should provide a positive result.

Harry Hodges
hhodges@®
compusenve.com

The March 1995 issue of NASA Tech
Briefs featured a reliability engineering
manual avaifable through Lewis Re-
search Center. | purchased the book,
which has since aided us in saving a $35

million project by helping us identify and
measure the existing system, and recom-
mend appropriate changes.

Eric Epstein
Director of Engr.,
CBIS

Fairfax, VA

In the May Reader Forum, Alan
Lieberman inquired about a source for
precision distance measuring equip-
ment. My company, Ultrasonic Amrays
(425-481-6611), manufactures non-con-
tact, ultrasonic distance and thickness
measuring equipment suitable for indus-
trial and laboratory environments, and
which meets Mr. Lieberman’s accuracy
requirements of +0.00025".

Paula Gardner
Ultrasonic Arrays
Woodinville, WA

Post your letters to Reader Forum on-line at www.nasatech.com or send to: Editor, NASA Tech Briefs, 317 Madison Ave.,
Suite 1900, New York, NY 10017; Fax: 212-986-7864. Please include your name, company (if applicable), address, and phone

n

umber or e-mail address.
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Aow-Contoct! lfrared Thermomeler
Hith Laser Sighting

» Simple temperatura measurement from -20 C to 300 C

«Laser sight pinpoints measured spots.

= Automatic-backlit LCD display st dark places by @
brightness sensor

+Automatic power off for saving batery life

*Audible buzze: high slarm standard

- Emissivity adjustabla from 0.30 1o 1.90 in 0.01 steps

CHINO Works America Inc.
VICTORA BUSINESS PAF 18005 50 SAVARONA WAY, CARSON, CALFORNLA 90725
TEL-213-371-3043//45 FAX310-532- 7195

CHINO CORPORATION

32-8, KUMANG-CHO. ITABASHI-KLU, TOKYD 173, Japan
TELO3- 36582171 FAX-O3- 30880608
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“Last night I dreamt of
a digital scope. With 1 Meg of
memory. That worked like an
analog scope. And it came
with a big plate of nachos.”

Sorry, no nachos.

VEYN/LEKTINAILL 70 payoe - najsai] Lig] o

The HP 54645A oscilloscope
comes with all the things
you'd love to have at your
fingertips. Except for snacks.

With HP's exclusive
MegaZoom technology, our
scope captures up to a million
points at 200 MSa/s on each of
its two channels—so you get a
more detailed picture of yvour
complex signal. And pan-and-
zoom allows you to zero in

11,5, list puricm
*vin Canads cull |S00-387 9154, progrem sumber TMU 255

and analyze areas of particular
interest. Best of all, it operates
as easily as an analog scope,
SO you can concentrate on
your design. And getting home
o dinner a little earlier.

To learn more about the

HP 54645A oscilloscope, call
HP DIRECT at 1-800-452-4844%
Ext. 5277. We'll show you
how to get more detail for
your money.

For More information Circle No. 672

“With HP MegaZoom
technology, this
is the first deep-
memory oscillo-
scope that’s as
easy lo use
as an analog
scope. And
equally easy
on your

budget.”’?

Interniet: http//www.hp.com/info/bi26
Faxback: 1-800-800-5281, Doc. #11212
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(:) Commercialization Opportunities

Miniature,
Low-Power Alphatron

Originally conceived to measure pres-
sure of the Martian atmosphere, this gas-
pressure gauge can be adopted for use
on Earth to measure atmospheric and
subatmospheric gas pressures in scientif-
ic and industrial applications in the
range of 10° to 10° Pa. The gauge is

rugged and has no moving parts.
(See page 28.)

Removable, Reusable Handle

A detachable handle fits specially
designed modular cabinets. There is
no need to provide separate handles
for each cabinet.
(S(’t page 36.)

MucH More THAN |
A PreT1Y PicTURE (FRAME) B

Qur competitors say, “Oh, Cardinal’s just a picture frame company!” Sure, we
‘manufacture picture frames, but that's just one of the many markets where we
shine, Just take a look at this 6-hole, multi-hollow extrusion piece...

MOST EXTRUDERS WOULDN' T EVEN QUOTE THE JOB ...
They claimed it was too difficult to economically manufacture due to its
difficult shape, varying wall thicknesses, and extensive fabricating.

... Bur CARDINAL COULD, AND BID IT ALL!
Extruding the complex profile was the easy part. What
kills our competition is their tremendous cost in

tooling and the numerous set-ups ..,

FABRICATED IN 10 MiINUTES!
Our fully automated. multi-functional
fabricating equipment allowed us

to completely fabricate this
component in one work

cell in less than ten

minutes!

THE BIG FINISH

Next we applied our

standard decorative etch

biacic anodize—one of over 20
anodizing colors available, We also

offer over 60 stock powder coat finishes,

ﬁve 2-step architectural hard coats, plus any
custom match—all with the surface finish of
your choice. And with our Image Graphics, your '

extrusions can look like any materiall

ALL THIS FROM A SINGLE SOURCE ...

Extruding, fabricating, finishing—oh yea, and picture frames—
it’s all here at Cardinal, vour single source for high-tech
aluminum extrusions since 1946. Give us a call today.

1-800-EXTRUDE

6910 Preston Hwy. ® P. 0. Box 19987 » Louisville, KY  40219-09587

dardinal Aluminum Co.

1-800-EXTRUDE e« Fax: (800) 969-6910
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Transverse-Mode Electron-Beam
Microwave Generator

This vacuum-tube device is superior to
a klystron in that its operation does not
depend on maintenance of critical volt-
ages, and it can generate a useful amount
of power at frequencies above 100 GHz.
(See page 44.)

mproved Ultraviolet-and-

lgm'ed Hydrogen-Flame
Detector

An improved detector is not as vulner-
able to false alarms as commercial units.
It is designed to detect small hydrogen
flames, not the large ones that are lit
deliberately, and the unit is not readily
confused by other sources of light.

(See page 49.)

Heteroepitaxial Growth of
Monocrystalline Boron Nitride

A proposed deposition process
would grow monocrystalline cubic
boron nitride on silicon carbide films.
Success of this process may open a
way for making new high-tempera-
ture, high-power, high-frequency elec-
tronic devices.
(See page 65.)

Making InP Solar Cells From
Tertiarybutylphosphine

A much less hazardous substitute for
phosphine may be used in production
of InP films for solar cells. Preliminary
findings are optimistic and may lead to
mass production of InP solar cells.
(See page 66.)

First Supersonic Yaw-Vectoring
Flight for the ACTIVE Program
Yaw-vectoring flights were recently
conducted on F-15 aircraft. This design
could lead to significant performance
improvements in future aircraft, which
would include extended range,
increased maneuverability, reduced
operating cost, and greater safety.
(See page 74.)

Automated
Microspectrofluorimeter and
Cell-Culture Apparatus

All of the instrumentation needed to
culture cells and examine them is con-
tained in one compact package. The
instrument is designed to operate under
computer control.
(See page 82.)
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) It takes a very sensitive accelerometer to measure something that
We \Y« Taken hardly seems to be moving.

Fortunately Endevco accelerometers have the accuracy and res-

Dynamlc olution you need—even if you're working in the micro-g range

or at 0 Hz.

Measurements TO We’re the only supplier with a complete
array of advanced sensing technologies. So
An All—Tlme I_OW you're assured a perfect solution to address

your specific measurement requirements.

Yet for all their sensitivity at low vibration

levels and frequencies, these units need

no special handling. We even have

models for extreme temperatures
from -55°C to +288°C. So these
sensors keep working when others
would fail.

And for every Endevco accelerometer there’s an ideal

signal conditioner and low-noise cable to match—for a

complete turnkey solution.

So don’t lower your standards by using lesser accelerometers.

Call Endevco today. It's the best way to get your project moving.

3 » 3§

77541000 [SOTRON" Accelerometer. 7290A Accderometer. 752-500 ISOTRON® Accelesometer, 4430A Signal Conditioner.

This rugged sensor has the exceprional Ideal for low-level accelerations from This tiny accelerometer offers outstanding This versatile, hﬁ\a[mmm amplifier may

resolution to detect fess than | micro-g 2g to 100g full scale. Offers de response, sensitivity of 0.5 Vg and comes in a her- be o controlled and offers program-

and flar down to 0.05 He ruggedness to 10,000g%, amplified (+2V) metic package thae weighs just 10 grams. mable hiters. cument. voltage and gam
ourput and a wide temperature range. adpstments.

AR I : MEGGITT 0700 Rancho Vi Road, San Juan C . CA 92675 USA
@ Phone (80X0) 962.673 hx['?l ATTE T ; EN DE Vco ‘

Visit our website at http://www.endevco.com
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Special Focus:

Mechanical Components

@ Miniature, Low-Power Alphatron
This device would fit into a cube of about 1 cm.
NASA’s Jet Propulsion Laboratory, Pasadena, California

A proposed gas-pressure gauge of the
“alphatron” type would feature unusual-
ly wide dynamic range, small size, and
low power consumption. Conceived for
measuring the pressure of the Martian
atmosphere, this gauge could also be
used on Earth to measure atmospheric
and subatmospheric gas pressures in
scientific and industrial apparatus.

Alpha particle vacuum gauges have
been out of common use for decades
due to lack of a practical technology
compatible with workplace safety stan-
dards. An alpha particle gauge is an ion-
ization-type pressure gauge (more pre-
cisely, a density gauge) in which alpha
particles (energetic helium nuclei)
from a radioactive source produce posi-
tive ions in a gas. An electric field is
imposed on the gas by applying a suit-
able electric potential to a cathode and
anode, causing the positive ions to drift
to the cathode and electrons ta drift to
the anode. The ionization current thus
collected by the cathode is measured
and taken as an indication of the densi-
ty of the gas (equivalently, the pressure
of the gas at a given temperature).

In the proposed miniature alpha
gauge (sce figure) the alpha particle
source would be a small piece of an
americium isotope, similar to those
used in household smoke detectors.
The source would be covered by a gold
surface layer to attenuate the alpha par-
ticles to an optimum kinetic energy of
the order of 1 MeV. The ¢ source would
be electrically grounded and located
near the center of an annulardisk-
shaped cathode. The cathode would be
connected to the input pin of an opera-
tionalamplifier integrated circuit, mak-
ing it possible to measure ion current as
small as a fraction of a picoampere.

A cylindrical-cup-shaped anode
would be placed over the « source and
cathode, and would be held ata positive
potential. The dimensions of the anode
must be chosen, in conjunction with
other design parameters, so that at the
maximum intended operating gas pres-
sure, the range of the a particles is
greater than the distance to the anode,
This is important because, if the o

28

Cathode

Integrated Circuit

Operational-Amplifier

This Miniature Alphatron would respond linearly to pressures from 1 to 1,000 millibars.

tracks terminate within the active vol-
ume, then the number of ions pro-
duced is independent of pressure, and
the sensor would no longer function as
a PTCSSU rec guugc.

Preliminary experiments and design
calculations suggest that the ion current
would be directly proportional to pres-
sure over the range from 1 to 1,000 mil-
libars (10* to 10° Pa) at standard tem-
perature. Like other alphatrons, this
one would offer the advantages of
ruggedness and no moving parts. By use
of surface-mount hybrid technology, it
should be passible to fit this alphatron
within a package of about 1 ¢m in each
linear dimension.

This work was done by Martin G.
Buehler, L. Douglas Bell, and Michael H.
Hecht of Caltech for NASA’s Jet Propul-

www.nasatech.com

sion Laboratory. For further informa-
iton, access the Technical Support Package
(T5SP) free on-line at www.nasatech.com
under the Physical Sciences cailegory, or
circle no. 153 on the TSP Ovder Card in
this issue to veceive a copy by mail ($5
charge).

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

Larry Gilbert, Director

Technology Transfer

California Institute of Technology

Mail Code 315 - 6

Pasadena, CA 91125

(818) 395-3288
Refer to NPO-19622, volume and number of
this NASA Tech Briefs issue, and the page
number.
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@ Micromechanical Oscillating Mass Balance

Advantages would include compactness and relative simplicity.
Lyndon B. Johnson Space Center, Houston, Texas

A micromechanical oscillating mass
balance has been proposed for measur-
ing small amounts (with resolution of the
order of 107 g) of contaminant material
deposited on its surface. As in the case of
the commercial quartzcrystal microbal-
ances now used as contamination detec-
tors, the contaminant mass would be
measured in terms of a small change in
the frequency of resonance of mechani-
cal oscillations.

The micromechanical oscillating mass
balance would include a conduct-
or/dielectric/conductor  laminated
composite beam with both ends rigidly
fixed (see figure). Typically, the beam
would be about 3 mm long, 0.1 mm
wide, and 6 pm thick, though of course
the dimensions in a specific design
could differ considerably from these
representative values. The beam would
be fabricated by techniques now used in
the microelectronics industry and thus
could be integrated on a silicon chip
along with supporting electronic circuit-
ry. The resonant frequency — that is, the
frequency of the fundamental mode of

vibraton of the beam — would typically
be a few kilohertz.

Permanent magnets would be mount-
ed nearby to impose a magnetic field
across the beam. An altemating current
would be driven along one of the con-
ductive layers on the beam, so that the
force produced by the interaction
between the current and the permanent
magnetic field would set the beam into
oscillation at the driving frequency. The
oscillating motion of the other conduc-
tive layer in the magnetic field would gen-
erate alternating voltage between the
ends of the beam in that layer; the ampli-
tude of this output yvoliage could be mea-
sured as an indication of the amplitude of
vibration.

During a measurement session, the
output voltage would be measured as a
function of the driving frequency; the res-
onant frequency would be identified as
that driving frequency at which the out-
put voltage reached its peak value, An
accumulation of contaminant mass dur-
ing the time between two measurement
sessions would manifest itself as a

decrease in the resonant frequency.
Thearetical calculations show that a con-
taminant mass of only 107 g would
decrease the resonant frequency by about
| Hz in the typical case. Frequency shifts
of these magnitudes are easily measur-
able by currently available equipment.

The smallness of the micromechanical
oscillating mass balance would afford sev-
eral distinct advantages over quartz-crys-
tal microbalances and other related
devices. The most obvious advantage is
enhanced portability. The small size and
mass of this device would also contribute
to its ability to survive large vibrations and
accelerations, Another important advan-
tage pertains to thermal stabilization;
smallness of size would minimize the
effects of gradients of temperature, while
smallness of mass would maximize the
effectiveness with which the temperature
of the device could be controlled.
Temperature control could be accom-
plished easily by mounting this device
directly on a Peliier device.

Another advantage would lie in rela-
tively low cost associated with the relative-
ly low driving frequency. Quartz-

Permanent Magnets

Output Voltage

(e]

crystal microbalances operate at
frequencies in the megahertz
range, thereby requiring circuit-
ry more expensive than that
needed for operation in the
kilohertz range. Yet another
advantage would lie in the use of
the fundamental mode of vibra-
tion of the beam. A theoretical
analysis of the performance of a
beam vibrating in its fundamen-
tal mode is easier than is the cor-
responding analysis for the
quartz—crystal  microbalance,
which wvibrates in a complex
transverse mode.

This work was done by David
Altemir of Johnson Space Center.
For further information, access the
Technical Support Package (TSP)
Jfree online at wunvnasatech.com
under the Physical Sciences category,
or circle no. 165 on the TSP Order
Card in this issue to recevve a cofry by
mail ($5 charge).

This invention is owned by
NASA, and a palent application
fias been filed. Inquiries concerning
nonexclusive or exclusive license for

its commercial development should

The Beam Would Be Made To Oscillate by driving an alternating current along the upper conductive layer in the
presence of the permanent magnetic field. The oscillation would be measured by measuring the voltage induced

in the lower conductive layer,
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be addressed to the Patent Counsel,
Johnson Space Center; (713) 483-
4871. Refer to MSC-22569.
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Can Your FEA Software
Snap Too?

Scenes from
Oil Can Video
available

on free
CD-ROM or
www.algor.com.

Snap-through (“oil can”) buckling is widely regarded
as an extreme test of the “robustness” of FEA software.
With Algor, “it’s a snap.”

See what’s happening while

Gultar String: Displacement va Time Dynamic response il’S hdppt’ﬂiﬂg Wlth Alg{)r’s

‘f AW Live Monitor
Start of snap-back -

sasp-through|

Graph of displacement
versus time of center node
—— gttt iy Siart of automatically plotted
|snap-through L by Algor’s Live Monitor

T S . o - during the actual run.

See for yourself! ’
Download the Qil Can A
4 g

Video from the Web:

When the Engineering
q) Has to be Right~
Special Offers from Algor's Ads: Viiess, Sefwre s Other
Algor, Inc.
150 Beta Drive, Pittsburgh, PA 15238-2932 USA
Phone: +1 (412) 967-2700
E Fax: +1 (412) 967-2781
Video Brochure: Gsr callection sf videss srranged hy engineesing California: (714) 564-0844
Europe (UK): +44 (1) (784) 442 246
E-mail: info@algor.com
Copyright @ 1997, Algor, Inc.

. Featured VIeo: Snyp Through Berkling
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& Improved Fillets To Withstand Thermal Shocks

Some material would be removed to reduce thermal gradients.

Marshall Space Flight Center, Alabama

Improved largerradius fillets have
been proposed to help some right
angle structural joints in turbine
engines endure thermal shocks that
occur during rapid heating and cool-
ing. The joints in question could be,
for example, those between turbine-
vane airfoils and the endwalls that
support the airfoils.

The problem of thermal shock
(transient thermally induced mechan-
ical stress) in joints of this type arises
for the following reasons: It is well
documented that in the absence of
thermal transients, such a joint can be
made more durable by increasing its

fillet radius to reduce concentration
of mechanical stresses. Unfortunately,
in the presence of thermal transients,
the mass added by increasing the fillet
radius serves as a medium that sup-
ports increased local gradients of tem-
perature; this causes thermal stresses
to increase, ncgating the bencfit of
the larger fillet radius.

The figure shows representative
solid- and hollow-airfoil/endwall
joints in the baseline, conventional
larger-fillet-radius  (non-thermal-
shock), and proposed larger-fillet-
radius configurations. In the pro-
posed configurations, the fillets would

be enlarged to reduce concentration
of stresses as in conventional practice.
In addition, some mass would be
removed from the back sides opposite
the fillets. The removal of mass from
the vicinity of the fillets would reduce
thermal stresses by reducing the gradi-
ents between the typically higher tem-
peratures along the sides of the air-
foils and the typically lower mass-aver-
age temperatures of the fillet regions.
This work was done by Donald E. Paulus
of United Technologies Pratt & Whitney for
Marshall Space Flight Center. No further
documentation is available.
MFS-28943

NG

Mainstream
Flow

Mainstream
Flow

SOLID-AIRFOILJENDWALL JOINT

BASELINE
CONFIGURATION

HOLLOW-AIRFOIL/ENDWALL JOINT

Airfoil Core

Mainstream
Flow

CONVENTIONAL
(NON-THERMAL-SHOCK)
CONFIGURATION FOR
INCREASING ENDURANCE

IMPROVED FILLET
CONFIGURATION FOR
THERMAL-SHOCK
ENVIRONMENT

Removal of Mass from back sides opposite fillets would increase thermal-shock endurance by decreasing thermal gradients,
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& Thermostatic Valve for Low-Pressure-Drop Flows of Gas

Hot and cold inlet flows are mixed to obtain intermediate temperature at the outlet.

John E Kennedy Space Center;, Florida

A thermostatic bypass diverter valve
mixes hot and cold inlet flows of a gas
to obtain an outlet flow at an approxi-
mately constant intermediate tempera-
ture. The valve (see figure) includes
slotlike inlets and a flag mounted on a
bimeallic strip. The flag can  block
cither or both inlet(s) to various
degrees, thereby altering the propor-
tions of entering hot and cold flows.
The degrees of blockage of the inlets
depend on the bend of the bimetallic
strip; this bend, in tum, depends on
temperature.

The valve is intended for use in a sys-
tem in which the pressure drops clse-
where along the relevant flow paths
are low. It is anticipated that neither
100-percent cold flow nor 100-percent
hot flow would ever be needed in this
system. Therefore, leakage of either
the hot or the cold flow through a
nominally totally blocked inlet is not
of concern, and the wvalve can be
designed with generous clearances
while still restricting the inlet flows
enough to obtain the desired control.
Large clearances can be utilized to
reduce Iriction and drag, which could
cause binding.

At the time of reporting the informa-
tion for this article, the valve had not
vet been tested for sensitivity to vibra-
tion. Should the valve prove sensitive to
vibration in its operational environ-
ment, the mass of the flag and/or the
bimetallic strip can be adjusted to
avoid resonance, and/or the parts adja-
cent o the clearance gaps could be

Cold Hot
InfetFlow  Inlet Flow

Cold Infst-{_ |

=y
= |
/ ‘/,m:m
>3 i

~~Bimetalic— |

— [nlats

Outlet <=

This Valve Mixes hot and cold inlet flows of gas. The temperature-sensitive bend of the bimetallic
strip determines the mixing proportions and thus the temperature of the outlet flow,

coated with polytetrafluoroethylene or
a similar material to provide limited
frictional damping.

This work was done by Paul F. Berg of
United Technologies Corp. for Kennedy
Space Cemter. No further documentation

15 available.

Inquiries concerning rights for the eom-
mervial use of this invention should be
addressed to the Patent Counsel, Kennedy
Space Cenler; (407) 867-2544,

Refer to KSC-11871.

& Optically Controlled Microvalves for Microfluidic Devices

These valves would be actuated remotely, without external electrical connections.
NASA's Jet Propulsion Laboratory, Pasadena, California

Optically controlled microvalves have
been proposed for use in microfluidic
devices, These microvalves would be
actuated remotely via the photoactua-
tion effect that occurs in the ferroelec-
tric/ piezoelectric material lead lan-
thanum zirconate titanate (PLZT).

Microvalves are needed in biomed-
ical, microchemical, microirrigation,
microspacecraft, and microavionics
applications. With miniaturization, it
becomes desirable to eliminate the
extra baggage of peripheral electronic
controls and umbilical cords that are

24

customarily used in remotely control-
ling valves equipped with electrically
driven actuators, The elimination of
electrical connections is especially
important where there is a need for
electrical isolation for safety; for exam-
ple, in biomedical applications that
involve the delivery of insulin or the
control of flows in artificial organs.
Photoactuation is thus an attractive
option for such applications.

The basic principle of photoactua-
tion by use of PLZT was described in
“Thin-Film, Light-Energized Bimorph

www.nasatech.com

Micromechanical Actuators” (NPO-
19607), NASA Tech Brigfs, Vol. 20, No. 8
(August 1996), page 1la. The acwator
in a microvalve of the proposed type
would be made largely of PLZT, which
could be either freestanding or formed
on a thin substrate of Si, SisNy, or other
suitable material. The figure shows a
proposed microvalve actuated by a two-
laver (PLZT/SisN,) diaphragm. Inci-
dent light would cause the diaphragm
to bend down in the middle, closing the
valve; a similar microvalve could also be
configured so that illumination would

NASA Tech Briefs, July 1997
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DETAIL SHOWING LAYERS IN DIAPHRAGM

This Microvalve Would Close when illuminated from the top. The diaphragm would function as a
photoactuator by virtue of the ferroelectric/piezoelectric effect in PLZT.

cause the valve 1o open. Such valves
could be actuated by pulses of light to
obtain pulses of flow and/or pressure in
the fluids to be controlled.

The proposed microvalves would be
made by micromachining techniques
like those used to make very-large-scale
integrated (VLSI) circuits, and could be
embedded in VLSI wafers. They could
be readily tailored to suit for specific
applications. They could be produced
in bawhes and could be inexpensive
enough to be regarded as expendable.

This work was done by Sarita Thakoor and
Toory Cole of Caltech for NASA's Jet
Propulsion Laboratory. For further infor-
mation, access the Technical Support Package
(TSP) free online at www.nasatech.
com under the Mechanics category, or circle
no. 147 on the TSP Order Card in this issue to
receive a copry by mail (85 charge).
NPO-19661

& Removable, Reusable Handle
The handle can be attached and detached quickly and easily.
Lyndon B. Johnson Space Center, Houston, Texas

A detachable handle fits specially
designed modular equipment cabinets.
There is no need o provide each cabinet
with its own handle; weight is thus saved
and a streamlined cabinet surface is pre-
served. The handle can be installed and
removed with only one hand. It can be
used quickly, its state is unambiguous, and
its operation is reliable.

The handle mates with a baseplate that
is bolted to a face of a cabinet. A hurmnan or
robotic operator first inserts a stub that
protrudes from the handle into a posi-
toning receptacle on the baseplate, then
turms the handle 9° clockwise, so that
interlocking conical surfaces of the stub
and receptacle slide into contact. The
operator pushes a locking button within
the reach of a thumb on the handgrip rail
on the handle. This action causes a pin to

protrude from the stub into a hole in the
receptacle in the baseplate, thereby lock-
ing the handle to the baseplate and cabi-
net.

To remove the handle, the operator
pushes a releasing bution near the base-
plate. The releasing button is placed far
enough from the locking button that the
releasing button is unlikely to be pushed
accidentally. The operator rotates the han-
dle 90° counterclockwise and can then
extract the handle from the baseplate.
Even if the release button were pushed
inadvertently, the handle would still have
to be rotated 90° to be released fully
Inasmuch as only one of the wo buttons
can protrude at any time, the user can eas-
ily see the state of locking,

Thas wark was done by Robert F: Nespodzany,

Jr, of Honeywell, Inc, for Jjohnson Space

Center. [or further information, access the
Technical Support Package (TSP) free online
at wuwwnasatech,com under the Mechanics
category, or circle no, 163 on the TSP Onder
Card in this issue to recerve a copy by mail ($3
change).

Tidle to this invention has been watved wunder
the provisions of the National Aeronautics and
Space Act [42 US.C. 2457(f)}, to Honeywell,
Ine. Inguinies concerning licenses for its com-
mercial develofment should be addressed to:

Mr. Ron Chamfrion

Honeywell, Ine.

Satellite System Operations

PO Box 52199

Phaenix, AZ 85072-2199

(602) 436-1980
Refer to MSC-22126, volume and number of
this NASA Tech Briefs issue, and the page
number,

HANDLE SEPARATED FROM BASEPLATE

HANDLE PLACED ON BASEPLATE BUT
NOT TURNED INTO LOCKING POSITION

HANDLE IN LOCKING POSITION
ON BASEPLATE

The Installation or Removal of the Handle involves both rotation and pushing a button — the lock button for installation and the release button for
removal, Rotation is clockwise for installation, counterclockwise for removal,
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THINGS THAT SEEM TO LAST AN

ETERNITY

a. Fruitcake

b. Root canal

d. Paris lubricated with Krytox®

Why do components with DuPont Krytox* last practically
forever?

For starters, Krytox* lubricants are based on exclusive
space-age fluoropolymer technology. Available in oil, grease and
dry film, Krytox* provides long-lasting lubrication over the
broadest range of temperatures (-70°F to 650°F) in even the
most extreme conditions. Krytox* is also compatible with metals,
elastomers, engineering plastics — and all chemicals including
oxygen — which means it's nonflammable, chemically inert, and
insoluble in solvents and water. It's clean, white, and it stays

http://www.lubricants.dupont.com

put, with virtually no change in physical properties over time.
And if you're looking for a clean solution to the assembly and
operation of moving parts, try easy-to-apply Krytox* dry film.
Whether your application is automotive, aerospace, small
motors, paper making or chemical processing, you just can't get
a longer-lasting lubricant than Krytox®, For more information,
call 1-800-424-7502. Krytox®.
Lubrication beyond your
highest expectations.
Krytox®
performance lubncants

For More Information Circle No. 662



@ Mechanical Components

Comair Rotron, San
Ysidro, CA, offers the Dip
lomat” DC 7.5" motorized
impeller, which operates
at 330 CFM and
brushless DC motor tech-
nology. It is available with

uses

the ThermaProV forced
convection cooling tech-
nology that allows the user
to program it to adjust
speed with temperature,
set the speed desired, or

maintain a constant speed

; when voltage varies

The impeller operates at 12, 24, and 48 VDC and can be used for
pressurization or evacuation of enclosures in computers, peripherals,
and filtering. Options include an inlet ring, fan performance sensors,
ball bearing construction, tachometer output for failure sensing, and

harness assemblies.

For More Information Circle No. 723

The S5W201 Series non-contact
speed OMEGA
Engineering. Stamford, CT. com-
bines the function of a proximity
switch with a timing network for
motion control of rotting
machinery. The switch features
adjustable high- or lowspeed set-

switch from

}’ll"ﬂ‘.lll'; ‘lll(! ||‘|r0r|mr:|lvﬂ a r}f‘“‘t’l’-
up tme delay that
detected object to accelerate o
normal operating speed when the
switch is used as a low alarm.

The switch is in a non<conduc-

allows the

Z
Z
- 4
Z

tive below, and conducts
above the predetermined setpoint.
It is available in low and high fre-
quency ranges, and is suitable for
use in dirty, humid, oily, and dusty

a i)p]i('a\t ions

state

st idig it

H

For More Information Circle No. 724

Penn Engineering &
Manufacturing Corp.,
Danboro, PA, offers
Iype PF117 panel fas-
teners, which enable
quick assembly and
panel removal, and
eliminate the need for
hardware. The
PEM" self-clinching
panel fastener asscm-

loose

blies feature a large
knurled knob with a
combination slot/
Phillips drive for fin-
ger or ol operation.

The shoulder fea-
ture provides a positive stop when the fastener installs in the sheet.
The assemblies are available in thread sizes #4-40 through #8-32 and
M3 and M4, They are available with a black finish,

For More Information Circle No. 725

Thomson Saginaw,
Saginaw, MI, offers
metric ball screw
assemblies that meet
1SO Class-d precision
of 25 p[n_.’f’»f)“nlm
(0.001 in/ft). The
assemblies are avail-
able in 96 styles and
C(‘fl[li_{l.ll"s!.!l(]l].‘i, in
preloaded and non-
preloaded versions
ranging from 12 x5
to 50 x 50 (diameter
mm x lead mm). End-flanged, centerflanged, and ovlindrical nut
configurations are offered.

Suited for replacing acme-screw and hydraulic and pnewmatic actu-

ators, the ball screws feature low power L::JI]N[HIIPliCJII, (llliul opera-
tion, and positoning accuracy and repeatability.

For More Information Circle No. 728

The HN series RF connectors
Tru-Connector  Corp.,
MA, are
brass with a silver or nickel fin-
ish, and silver- or gold-plated
brass, phosphor-bronze, or
beryllium-copper center con-
ductors. They feature Teflon”
dielectric interfaces and long
dielectric creep paths, and
mcorparate 3/4"-20 couplings.
The connectors handle up to
5000 volts, provide 50 ohms
impedance, and operate over a
0 1w 4 Ghz frequency range.
Designed to fit cables from
0.195" 1 0.945" OD, they are
available as straightthrough
and right-angle plugs, jacks, plug receptacles, and as in-series and
between-series adapiers.

from
P{_’&I l}( )tl\"

For More Information Circle No. 729

made of

Southco, Concordville, PA, has
inroduced the Rotary Acton
draw latch, which aperates like
a standard draw latch, drawing
two panels ogether with over-
center clamping force. The
latch is available in two styles: a
concealed spring-loaded ver-
sion and a fixed anchor p]'.:h_‘
version. The concealed spring-
loaded version compensates for
mounting-hole irregularites,
panel variations, and gasket set,
and absorbs shock and vibra-

ton to reduce rattling,

A lift and rwist action opens
the latches, preventing a latch from snapping open. Both versions are
available in a stainless steel finish for indoor/outdoor applications,
and a steel finish with black powder coating, which offers 400 hours
of UV protection

For More Information Circle No. 731
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on our Windows NT* Thanks to the new DIGITAL
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station that truly runs both UNIX and

M to ﬁnd Windows NT. Which means if you're

UNIx. currently using UNIX, you can easily migrate

a to Windows NT, whether you want to do it

m a year from now or this afternoon. And

not only does the DIGITAL

m Iwes Personal Workstation dramati-

= | cally reduce your purchase,
running

Wi .

indows NT.

support and migration costs,
but at speeds up to 600MHz, it's

the lastest workstation you can

buy. What's more, the DIGITAL

LUGITAL Personal
Frorkstanion
fur Windois NT

Personal Workstation runs all

LN : ; - s
e major UNIX and Windows N1
Choioe of
$13MHz, TOGMHz and 600MHz applications today. So the choice
lipha 21164 processors =
ECEC SIRAM memory is clear: if you want a worksta-

G-2MB .3 cache
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DIGITAL PowerStarm* both worlds, the new DIGITAL
S0 Graphics, AccelPro Sertes,
Matroxr Millennium Graphics Personal Workstation is the one

w  you're sure lo love. For more
Enmunan information, or to learn more
| about our free 2.1 GB disk
Whatever it takes:
offer, call 1-800-DIGITAL and

ask for a workstation specialist or visit

www.workstation.digital.com.

b
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@ Mechanical Components

EP! Teflon” seals and bearings
from Engincering Plastics,
Westhoro, MA, can be cold-

molded and machined with user-
specific compositions. The seats,
seals, and bearings are made
from virgin PTFE and PTFM
Teflon with pigments for color-
coding. They can be produced
in sizes from 3/8" to 60" in diam-
eter, in shapes including V-ring,
Usring, split-, cup-, and lip-seals.

T'he components are chemi-
cally inert and moisture resis-
tant. They can be mineralfilled
for steam resistance, glassfilled
in varying percentages for long
wear and stiffness, and bronze- f'llfd for selfFlubricating bearing appli-
cations requiring strength and lubricity. The components are pro-
duced in prototype to production quantities,

For More Information Circle No. 721

E-Switch, Brooklyn
Park, MM, offers the
GO
switches available in
gold or silver contacts
with a choice of PC
board footprinis 10
a('commodalc mau}-

Series slide

design layouis. Silver
contacts are rated at
4A at 120V; gold con-
tacts provide a rating
of 0.4VA maximum at
y 20V maximum.

Multiple actuator options, including right angle, recessed, and
extended actuator versions, can be specified in SPDT or DPDT con-
figurations. Applications include electronics, automotive, appliances,
medical equipment, test and measurement equipment, and telecom-
munications,

For More Information Circle No. 720

Weber Knapp,
Jamestown, NY,
has introduced a
line of spring-
counterbalanced
hinges for con-
trolled lifting.
holding, and clos-
ing forces. They
hold loads in an
imfinite number
of positions, and
prevent unassist-
L ed closing of lids,

doors, hoods, hatches, and movable and articulating arms.
The hinges are temperature-resistant and combine the func-
tions of a hinge with position control capabilities. They are com-

pact and can be used as an alternative to position control devices
such as cranks, gas cvlinders, torsion bars, and electric motors.

For More Information Circle No. 722

Bayside Controls,
Port Washington,
NY, offers stainless
steel gearheads with
ServoMount” design
that allows mounting
to any motor. The
pinion is pre-mount-
ed in the gearhead
housing with a foat-
ing bearing that
automatically com-
pensates for motor
shaft runout or mis-
alignment.

Features include corrosion-resistant stainless steel housing, FDA-
approved FM grease and stainless steel gearing, round housing
design, and a housing sealed to IP65 Standard for protection
against internal contamination.

For More Information Circle No. 726

ControlAir, Amherst,
INH, has introduced the
Ultra line of linear air
cylinders for applications
requiring precise force
response to small pres-
sure variations, The cylin-
ders combine a rolling
diaphragm seal, a hard-
ened steel shaft, and
Thomson C ldas A linear ball bearings. They are available in stroke
ranges from 0.7 to 6.0" and operate at plant air supply pressures
to 145 psi. Custom diaphragm materials allow operation at tem-
peratures from -75°F to +400°F.

Applications include thread tensioning/positioning, controlled
clamping force, polishing and grinding machinery, and precision
actuation. Universal, foot, and clevis bracket mounting options
are available, as well as a variety of diaphragm materials, springs,
and bearings.

For More Information Circle No. 730

The WhisperDrive gear-
head from Cone Drive
Textron, Traverse City, MI,
it  wear<compensating,
enabling zero backlash o
be maintained without the
need for adjustment for
the life of the servo sys-
tem. It is ightweight, com-
pact, and provides repeat-
able positioning,

Features include elimination of worm endplay, 300% momentary
overload capacity, versatile mounting, solid or hollow output shaft,
and inch or metric dimensioned shafting. The gearhead is sealed for
life and is factory-filled with synthetic lubricant.

For More Information Circle No. 727
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Electronic Components

and Circuits

@ Active-Pixel Image Sensor with Regional Electronic Shutter

Integration time in each region is adjusted to prevent saturation or loss of signal.
NASA's Jet Propulsion Laboratory, Pasadena, California

Scientific NASA applications — the star
tracker, for instance — require imagers
with wide dynamic ranges. When a single
integration period for an entire image
sensor is used (as in a CCD system) to cap-
ture bright stars with dim stars, either the
bright star is properly exposed but the
dim stars are lost in the noise, or the dim
stars are properly exposed but the bright
star is saturated. Ratios between bright-
nesses of objects captured in the same
scene (e.g, a planct and nearby stars)
might be as large as 10°, To enable simul-
taneous observation of bright stars with-
out samration and dim stars without loss
of signal, a sensor with regionalelectron-
icshuuer capability is necessary. Such a
sensor 18 described here.

In the star-tracker application, a space-
craft-guidance system determines space-
craft attitude by matching an observed
star field to a star catalog. Typically, a few
stars with different magnitudes are used
for tracking in a given field of view. Using
the regional electronic shutter, each star
in the field of view can have its own inte-
gration period. This way, simultaneous
capture of bright stars with dim stars is
accommodated, enabling a large in-
crease in tracker capability.

The regional electronic shutter pro-
vides a suitable integration time for
each of several regions in different parts
of the array. This is done by implement-
ing individual Fixel reset, which was
previously reported in “Image Sensors
With Individual Pixel Reset” (NPO-
19735), NASA Tech Brigfs, Vol. 20, No.
11, (November 1996), page 34, within
each pixel thus controlling the integra-
tion time for a specific region.
Individual pixel reset makes it possible

to shorten integration time, such that if

the illumination is high, the pixel still
will not be saturated. This is done by
controlling the reset gate via two lines
that carry the column and row reset
control voltages. When both the row-
and column-address voliages are set
high for the specific address, the pixel
at that address can be reset. Using infor-
mation from previous frames, the
appropriate integration time for the
region could be determined, and con-
trol is provided to implement this expo-
sure time via a regional electronic shut-
ter.

The concept has been implemented
in a 64-by-64-pixel CMOS active pixel
image sensor chip that achieves a

dynamic range of 80 dB, a read noise of
50 electrons (root mean square), low
dark current, and excellent electronic-
shutter linearity. This prototype paves
the way for lowerrisk development of
similar 1.024-by-1,024-pixel sensors with
regional electronic-shutter capability.

This work was done by Orly Yadid-Pecht,
Bedalrata Pain, Chrislopher Clark, Craig
Staller, and Eric Fossum of Caltech for
NASA's Jet Propulsion Laboratory. For
further information, access the Technical
Support Package (TSP) free on-line at
wunv.nasatech.com under the Electronic
Components and Cireuits category, or circle
no. 117 on the TSP Order Card in this issue
to receive a cofry by mail ($5 charge).

In accordance with Public Law 96-517,
the contractor has elected to retain title to this
tnvention. Inquirnes concerning rights for its
commercial wse showld be addressed to:

Larry Gilbert, Divector

Technology Transfer

California Institute of Technology

Mail Code 315 - 6

Pasadena, CA 91125

(818) 395-3288

Refer to NPO-19816, volume and number
of this NASA Tech Briefs issue, and the
page number.

@ Wide-Band Operational-Amplifier Circuits

Frequency responses are extended by incorporation of suitably chosen input capacitances.
Goddard Space Flight Center, Greenbelt, Maryland

The top part of the figure illustrates
typical operational-amplifier circuits
with resistive feedback networks, while
the bottom part of the figure illustrates
circuits that are identical except for the
connection of capacitors between the
inverting (-) and noninverting (+)
input terminals. The frequency
response of each circuit can be extend-
ed by suitable choice of the capaci-
tance, as explained below.

For each operational amplifier con-
sidered in isolation from other circuit
components (the open-loop case), the
magnitude of the gain (K) as a function

42

of frequency (f) 1s given by
KA = 1K1/ 10 + (7 1)1,

where Kj is the dc gain, and f; is a char-
acteristic frequency popularly denoted
the “3-1B rolloff frequency” because
the power at that frequency is half
(approximately 3 dB below) the power
at zero frequency. When the opera-
tional amplifier is incorporated into a
feedback circuit (the closed-loop case),
the gain is altered by the presence of
the other circuit components.

In the case of the inverting opera-

www.nasaiech.com

tional-amplifier circuit, the magnitude
of the closed-loop gain is given by

1Kinl = Wour(N/ Vs = (f/ /.
(1+a)" + [(fe/f) - (f/ feoB) 17,

where f; denotes the open-loop gain-
bandwidth product K,
B=(R+ R)/(2rR R:Caf;),

and &in this case equals R,/ R.. For the
noninverting operational-amplifier cir-
cuit, the corresponding equations are

1Kl = (/N1 4 [t/ - (FfeoB)]7) ",
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Companies like Hewlett-Packard,
Hughes Network Systems and NEC

America can't wait
while signal integrity NEC
and EMI problems create repeated
design and prototype cycles. Especially
when they've got a market waiting,
That’s why they head a list of more
than 100 computer, communications and
other electronics companies that utilize
AMP to model, simulate and analyze
the signal integrity of their designs,
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Noninverting Amplifier Circuit
WITH INPUT CAPACITOR

R'
Vin oV —
Vour
Noninverting Amplifier Circuit Inverting Amplifier Circuit
WITHOUT INPUT CAPACITOR

Inverting Amplifier Circuit

Voltage-Follower Circuit

The Addition of Input Capacitors can extend the frequency responses of these circuits, provided that the values of capacitance are suitably chosen.

where @ in this case equals
R/ (R + R).

For the voltage follower, the magni-
tude of the closed-loop gain is given by

Kl = (/D /11 + [/ = (FBIH

(for the voltage follower, = 1).

The following procedure can be used
to select a suitable value of C for extend-
ing the frequency response of any of
these circuits beyond that attainable
without the capacitor:

1. Choose two different frequencies at
which it is desired to have |Kw| equal

a specified value, Let the specified
value exceed the corresponding val-
ues of 1Kl at the chosen frequencies
for the circuit without the input
capacitor.

2. Using the chosen frequencies and the
specified value of | Kil, find the value
of f that satisfies the applicable one
of the three equations for [Kl.

3. Once the value of B has been found,
calculate C by use of

C= (R + Ry)/(2nR Byex B )
for the inverting or noninverting ampli-

fier, or by use of C= 1/2nRff: for the
voltage follower.

This work was done by Leonard Kleinberg
of Goddard Space Flight Center. For fur-
ther information, access the Technical
Support Package (TSP) free on-line at
www.nasatech.com wunder the Electronic
Components and Circuits category, or circle
no. 118 on the TSP Order Card in this issue
to receive a copy by mail (85 charge).

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, Goddard
Space Flight Center; (301) 286-7351. Refer
to GSC-13638.

This device offers advantages over klystrons.
Goddard Space Flight Center, Greenbelt, Maryland

A vacuum-tube electron-beam device
generates microwave energy via the
interaction between an electron beam
and an electromagnectic ficld in an cvac-
uated cavity that has electrically conduc-
tive walls. In some respects, this device is
similar to other vacuum-tube electron-
beam microwave devices — especially
klystrons — but it differs from klystrons
in ways that offer significant advantages.

A klystron is said to operate in a lon-
gitudinal mode because its operation
entails bunching of electrons along the
beam, accompanied by interaction
between the bunches of electrons and
an electromagnetic field with an elec-
tric-field component parallel to the
motion of electrons in the beam. To

44

generate microwave power that can be
extracted and used, it is necessary to
amplify the elecromagnetic field.

In a klystron, amplification depends
on maintenance of the correct phase
relationship between the motions of the
bunched electrons and the electromag-
netic field in the cavity. Thus, the oper-
ation of a klystron is sensitive to the
times of flight of electrons and, there-
fore, to the voltages applied to acceler-
ate the elecuon beam. The anti-bunch-
ing effect of the mutual repulsion of the
electrons limits the achievable density
of electrons and thus the available out-
put power. Inasmuch as power losses
caused by imperfections in cavity sur-
faces increase with frequency, the anti-

www.nasatech.com

@ Transverse-Mode Electron-Beam Microwave Generator

bunching effect thus effectively limits
the operating frequency; in practice,
klysirons cannot generate useful
amounts of power at frequencies above
approximately 100 GHz.

In the present device (see figure), an
electron gun shoots a beam of electrons
into an evacuated interaction chamber
that has electrically conductive walls.
After the electrons have traversed the
interaction chamber and spent their
energy interacting with the elecuromag-
netic field in the chamber, they are col-
lected by an electrode at a positive volt-
age at the end of the chamber opposite
the electron gun.

At an opening in one of its side walls,
the interaction chamber is joined to a

NASA Tech Briefs, July 1997
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Tuning Stub

SIDEVIEW

This Vacuum-Tube Electron-Baam Device s supe-
rior to a klystron in that its operation does not
depend on maintenance of critical voltages, and
it can generate a useful amount of power at
higher frequency.

rectangular resonant cavity that has con-
ductive walls and a screw-adjustable con-
ductive tuning stub. At an opening in
the opposite side wall, the interaction
chamber is connected to a conductive-
walled spherical feedback cavity. The
dimensions of the resonant cavity and
the sphere are low-order multiples of
the wavclength of operation. The fre-
quency of operation is relatively insensi-
tive to applied voltages: it is determined
primarily by the dimensions of the reso-
nant cavity and can be adjusted by mow-
ing the tuning stub.

A grid of wires spaced about half a
wavelength apart is placed in the open-
ing between the resonant cavity and the
interaction chamber. The geometry of
the feedback and resonant cavities, the
grid, and the interaction chamber deter-
mines which electromagnetic-field
modes can be sustained. Unlike a kly-
stron, this device can be said to operate
in transverse mode in the following
sense: Electromagnetic waves propagate
across the interaction chamber from the
resonant cavity to the spherical feedback
cavity, where they are transformed into
waves that have radial electricfield com-
ponents, These waves are reflected back
into the interaction chamber, where they
deflect the beam of electrons from side
to side in an oscillating motion at the fre-
quency of the electromagnetic field. The
spatial variations of the electromagnetic
field are such that as the beam oscillates
sideways, it gives up energy to the field.
Thus, the field becomes amplified.

NASA Tech Briels, July 1997

Electromagnetic energy is extracted for
use through a window on one side of the
resonant cavity.

Unlike a kiystron, the present device
does not depend on bunching. Conse-
quently, its operating frequency is not
limited by the anti-bunching effect. Asa
further consequience, it is nol necessary
to maintain a critical phase relationship
between bunches of electrons and the
electromagnetic field. Thus, the acceler-
ating voltage in the electron gun can be
varied without adversely affecting the
operation of the device; indeed, this
voltage can be varied deliberately to
modulate the microwave field.

This work was done by Launence Wharton
of Goddard Space Flight Center. For fur-
ther information, access the Technical
Support Package (TSP) free on-ine at
wuw.nasatech.com wunder the Electronic
Compenents and Circuits category, or circle
no. 110 on the TSP Order Card in this issue
to recerve a copy by mail (85 charge).

This invention is oumed by NASA, and a
patent application has been filed. Inguiries
concerning nonexclusive or exclusive license
for its commercial development should be
addressed 1o the Patent Counsel, Goddard
Space Flight Center; (301) 286-7351. Refer
te GSCG-13521,
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Electronic Systems

£ Fast Three-Dimensional-Imaging Camera

The output level of each pixel represents the direction toward an illuminated object.

Marshall Space Flight Center, Alabama

The Fast 3D Imaging (F3DI) camera
is a developmental system that measures
the three-dimensional coordinates of
objects within its field of view at dis
tances up toa few feet. The F3DI camera
comprises analog and digital electronic,
electromechanical, and optical subsys-
tems that function together to generate
a range image and/or the digital-data
equivalent of a range image. (A range
image resembles a conventional video
image except that the brightness of each
pixel represents the distance to the near-
est object point along the line of sight
intercepted by that pixel.) A prototype
of the system operates at a selectable
frame rate up to about 30 Hz.

This system is based on triangulation,
using (1) a laser and optics that form the
laser beam into a fanlike sheet that pro-
jects a line of light onto the nearby scene

and (2) a video camera with a field of
view that intersects the sheet of light.
The distance to an illuminated point of
an object imaged onto a given pixel is
readily computed from (1) the known
baseline distance between the video
cameraand the laser illuminator, (2) the
known direction of the line of sight
between the pixel and the illuminated
point, and (3) the known orientation of
the sheet of light with respect to the
baseline and the line of sight.

As described thus far, this system is
similar to some other video ranging sys-
tems based on triangulation. However,
this system implements the triangulation
principle in unique ways. The laser illu-
minator includes a scanning mirror that,
during each frame period, sweeps the
fanshaped laser heam through a 30°
angular interval that crosses the field of

view of the camera (see figure), A shaft-
angle encoder monitors the scan angle,
and associated circuitry generates a
scan-synchronized ramp voltage wave-
form; that is, the inslantaneous voltage
of this waveform is indicative of the
instantaneous scan angle.

The video camera is of the charge-
coupled-device (CCD) type, but with
modifications to perform some nontra-
ditional imaging functions. The circuitry
in each pixel in the camera includes
electronic switches and a capacitor that,
together, act as a sample-and-hold
device. At the beginning of each frame
period, a synchronizing pulse from the
scanning-control circuitry causes one
electronic switch to discharge the capac
itor, then the capacitor-discharging elec-
tronic switch is opened and a capacitor-
charging switch is closed.

TOP VIEW OF LASER T
AND SCANNING MIRROR |'__7H

)
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Diode Laser and
Optics for Generating
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10°Fan

=
=

Field of View
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=

|
|
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|
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Bench

The Scanning Mirror Sweeps the sheet of laser light repeatedly across the field of view. The raw output of the video camera is not a conventional video
signal, but rather, one in which the voltage for each pixel is indicative of the scan angle at which the object point imaged on the pixel was illuminated.
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Then as the scan progresses, the
capacitor is charged with the ramp volt-
age. The photodetector in each pixel is
used, not 10 measure the local image
brightness, but, rather, as a threshold
wriggering device; when the fan laser
beam crosses the point in the scene cor-
responding to the pixel, light reflected
from that point is focused onto the pixel
by the camera lens, and the amplified
output of the photodetector in the pixel
causes the capacitorcharging electronic
switch 10 open. Thus, the charge on the
capacitor is frozen at a voltage represen-
tative of the scan angle. This charge con-
stitutes the CCD pixel readout signal for
the frame period. The readout signals
from all the pixels are digitized and
used, along with pixel locations, to

address an electronic lookup table that
contains precomputed relationships
among ramp voltages, scan angles, lines
of sight, pixel positions, and ranges. The
lookup process can be accomplished ina
fraction of a microsecond on a typical
computer. The results of the lookup can
be processed into a range image or pre-
sented as digital range data.

This work was done by Leonard S, Haynes
of Intelligent Automation, Inc., and Rudy
Dyek for Marshall Space Flight Center. For
further information, access the Technical
Support Package (TSP) free on-line at
wune.nasatech.com under the Electronic
Systems category, or civele no. 102 on the TSP
Order Card in this issue to veceive a copy by
mail (85 charge).

MIFS-26484

Inspection Reports

John E. Kennedy Space Center, Florida

Pen-based computers running special-
purpose software serve as input devices
in a computerized inspection-data-
recording system. The system was devel-
oped to speed inspections, promote con-
sistency of inspection data, facilitate veri-
fication of the data, and provide for the
printing of inspection reports in a stan-
dard format. Previously, inspectors had
followed an error-prone, time-consum-
ing procedure in which they recorded
their observations in handwritien notes
and sketches on paper. Designed specifi-
cally for inspections of the thermal pro-
tection system on Space shuttles, the
inspection system could likely be adapt-
ed, with modifications, to enhance pro-
ductivity i other situations in which
many inspection reports must be proc-
essed. The software provides pop-up
menus for primary input. These menus
help to reduce errors by restricting an
inspector to displayed standard choices,
Elements of artificial intelligence in the
software automatically reconfigure the

@ Computerized Generation of

pop-up menus on the basis of selected
input from an inspector (for example, to
present choices that pertain only to the
arca currently under examination); this
feature also helps to prevent errors. An
on=screen pop-up keyboard is also avail-
able for entry of alphanumerical data.
An inspector must still make sketches,
but now does so directly on the comput
er screen for immediate digital record-
ing; thus, images can later be retrieved
and printed out quickly and easily.

This work was dane by Stephen M.
Schneider and Daniel B, Mondshein of
United Space Alliance for Kennedy Space
Center. For further information, access the
Technical Sufrport Package (TSP) free online
at wuw.nasatech.com under the Elctronic
Systems category, or circle no. 114 on the TSP
Onrder Card in this issue lo receive a copy by
mail (§5 charge).

Inguiries concerning rights for the commer-
cial use of this invention should be addressed
to the Patent Counsel, Kennedy Space Center:
(407) 867-2544. Refer to KSC-11898.

An improved computerized system for
tracking an inventory of hazardous
wastes has been developed to replace an
older tracking system in which manually
generated reports were entered manual-

www.nasatech.com

€Improved System for Tracking Inventory

of Hazardous Wastes
John E Kennedy Space Center, Florida

ly into computers. The older system
required laborintensive, time-consum-
ing procedures and was prone Lo errors
and delays; the improved sysiem over-
comes these disadvantages and affords

NASA Tech Briefs, July 1997
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the additional advantages of standard-
ization and centralization. As in the sys-
tem described in the preceding article,
the points of contact with human tech-
nicians are pen-based computers that
run special-purpose software that pro-
vides pop-up menus, bar codes, buttons,
and other interactive displays for entry
of data in standard formats. These com-
puters are carried in the field and used

to record such data as locations,
amounts, and types of wastes. These
computers also provide on-line access, in
the field, o more than 250 packages of
inforration on the proper technical
responses to hazardous-waste situations.

Thrs work was dome by Thomas D.
Adamson and Stephen M. Schneider of
Lockheed Martin  Space Operations for
Kennedy Space Center. For further infor-

maition, access the Technical Support Package
(TSP) free online at www.nasatech.com
tinder the Electranic Systems category, or circle
no. 108 on the TSP Order Cand in this usue
to yeceive a copry by mail (85 charge).

Inquiries concerning rights for the commer-
cral use of thes invention should be addressed
to the Patent Counsel, Kennedy Space Cenler;
(407) 867-2544. Refer 1o KSC-11900.

Improved Ultraviolet-and-Infrared Hydrogen-Flame Detector
Small hydrogen flames can be distinguished from other sources of light.

John F. Kennedy Space Center, Florida

An oproelectronic instrument for
detecting small hydrogen flames in-
cludes analog and digital circuitry (see
figure) that processes the outputs of two
infrared photodeteciors and an ultravio-
let photodetector to determine whether
a small hydrogen fire lies within is field
of view. As in the case of commercial
ultraviolet-and-infrared hydrogen-fire
detectors, the design of this instrument
reduces the incidence of false alarms by
taking advantage of the fact that hydro-
gen fires emit flickering light in both
ultraviolet and infrared spectral bands,
whereas other sources that one does not
seek to detect emit only steady light
(e.g., hot objects and reflections of sun-
light) or else flicker in the ultraviolet
only (e.g. welding arcs and lightning).

This instrument offers an advantage
over the commercial units in that its
overall design, including its digitalsig-
nal-processing algorithm has been for
mulated, on the basis of experimental
observations, to provide reliable detec-
tion of a small hydrogen flame within its
field of view while reducing the proba-
bility of a false alarm from hydrocarbon
flames and from moving people and ani
mals. The design also suppresses false
alarms that would otherwise be caused
by light from a large nearby hydrogen
flame that one does not seek 1o detect
because it has been lit deliberately: it
does this by distinguishing between the
faster fluctuation of light from the small
hydrogen flame and the slower fluctua-
tion of light from the larger flame.

In the experiments that guided the
formulation of the design, it was
observed that when the mdiation inc-
dent on the infrared and ultraviolet
detectors originated from the same
hydrogen flame and came directly from
that flame (rather than by way of reflec-
tion), the time-domain cross-correlation
of the output waveforms of the infrared
and uluvaviolet detectors indicated a
high degree of similarity between the

NASA Tech Brefe Tuly 1997

waveforms, When the detectors were
also receiving light from other sources,
the cross<orrelaton indicated that the
waveforms differed. In addition, fre-
quency analysis of the infrared wave-
forms showed that in the particular
application, the flicker of the large
flame was concentrated at frequencies
< 5 Hz, while the flicker of the small
flame extended to tens of hertz.

is larger than a preset thresholdberween
0.5 and 0.6 (a correlation value of 1.0
indicates identical waveforms) and if the
analysis of the flicker indicates thar the
source of the radiation is a small flame
rather than the large one, an alarm is
generated.

The alarm condition is updated
repeatedly every 2 seconds: The cross
correlation at any given time is comput

B
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The Improved Hydrogen-Fire Detector includes circuits that process the outputs of ultraviolet- and
infrared-photodetector outputs to extract cross-correlations and frequency characteristics indicative
of small hydregen fires. The connection to the personal computer s made, when needed, to change

alarm-condition correlation thresholds,

In the operation of the instrument,
the output of the ultraviolet detector,
which is originally a series of pulses, is
integrated to convert it into a continu-
ous signal. The integrated output of the
ultraviolet photodetector and the out-
puis of the two infrared photodetectors
are sent to an analog-to-digital convert-
er. The digitized signals are sent to a dig-
ital signal processor that computes the
frequency spectrum of the flickering of
the ultaviolet and infrared signals. The
digital signal processor also compuites
the crosscorrelation of the ultraviolet
and the infrared signals.

If the analysis of the flicker indicates
that light from the large flame is being
received either directly or by reflection,
the signals are high-pass filtered to so
that only frequency components of flick-
er above 5 Hz are used to compute the
cross-correlation. If the crosscorrelation

www nasaiech com

ed on the ultraviolet and infrared signals
received during the preceding two sec
onds. When the crosscorrelation value
falls below a threshold level between 0.3
and 0.4 after having previously triggered
an alarm, the alarm is terminated.

This work was done by Gregory A, Hall of
Kennedy Space Center and Pedro |
Medelius and Howard James Simpson of I
NET. For further information, access the
Technical Suppert Package (TSP) free on
line at wunonasatech.com under the Flec
tronic Systems category, or cirde no. 107 on
the TSP Order Card tn this issue lo receive a
copy by mail ($5 charg).

This mvention has been patenied by
NASA (U.S. Patent No. 5,625,342). Inqui-
ries concerning nonexclusive or exclustoe
license for its commercial t showld
be addressed to the Patent Counsel, Kennedy
Space Center; (#07) 867-2544. Befer to
KSC-11775.
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Alternating-Precessive-Slab Laser Preamplifier

The size and the number of components would be minimized.

Goddard Space Flight Center, Greenbell, Maryland

A laser preamplifier for a pulsed-laser
ranging system amplifies pulses with a
wavelength of 1,064 nm, duration of <
100 ps, and repetition rates of up to 5

kHz. The preamplifier fea-
tures a compact design with
a minimum number of opu-
cal components and sim-
plicity of alignment. Using
typical design parameters,
the entire preamplifier
could fit in a box about the
size of a human hand.

I'he design concept is
derived from common laser
amplifiers that feature
zigzag optical paths and
external beam-steering op-
tics to increase gain lengths.
In this preamplifier, the
amplified laser pulse is kept
in the gain medium as long
as possible, without need for
external beam-steering op-
tics. The gain of this pream-
plifier is comparable to that
of a typical multipass zigzag
amplifier with external
beam-steering optics,

The design of this ampli-
fier is called "alternating
precessive slab” for reasons
that will become apparent.
The gain medium is a rec-
tangular slab of l-percent-
doped neodymium: yttrium
aluminum gamet (Nd:YAG)
crystal, which lases at the
desired wavelength of 1,064
nm and has an absorption
spectral peak at 809 nm.
Input and output faces are
cut at two corners of the
slab and coated for low
reflectivity at 1,064 nm. The
other faces are coated for
high reflectivity at 1,064 nm
and low reflectivity at 809
nm. The path traced by the
laser pulse in traversing the
slab (see Figure 1) includes
internal reflecions at a sue-
cession of points along each

side, so that. in a sense, the path pre-
cesses around the slab. The design is
characterized as “alternating” because
the location of the output face alternates

Output Face

.
X

Input Face
/

)

P

1

o

A

B

Figure 1. The Optical Path Would Be Folded into a pattern that would keep the
laser pulse in the rectangular slab (the gain medium) as long as possible.

Linear Array of
Laser Dicdes

Cylindrical
Lens

Figure 2. The Gain Medium Could Be Optically Pumped from four sides. Each

array of laser diades would typically operate at a power of 15 W each.
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between opposite comners if the design
parameters were changed in such a way
as to make N ¢
oriented segments of the path) alter-

(the number of » or %

nate between even and odd
values.

Typically, the
dimensions of the slab are
about 1 by 1 by 0.2 em. The
exact dimensions must be
chosen to obtain the de-
sired N and to satisfy other
requirements. The slab
must be thick enough to
accommodate the cross sec
ton occupied by the laser
pulse (in effect, the width of
the laser heam). The chaoice
of thickness is also affected
by partially conflicting re-
guirements related to cou
pling efficiency, diffraction,
and quality of the output
beam. The path in the slab
must be laid out to prevent

overall

overlapping of the cross sec-
tions from adjacent path
segments,

The slab could be optical-
ly pumped according to any
of several alternative opti-
calpumping schemes. For
example, as shown in Figure
2, pump light could be gen-
erated on four sides by lin-
ear arrays of continuous-
wave (CW) laser diodes and
collimated into the slab by
cylindrical lenses.

This work was done by D.
Barry Coyle of The American
University for Goddard Space
Flight Center. For further
information, access the Tech-
nical Support Package (TSP)
free on-line at wunw.nasatech.
com under the Physical Sciences
category, or circle no. 123 on
the TSP Order Card in this
issue to recerve a cofry by mail
(83 charge).

GSC-13326
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® Light-Scattering Measurements of

Regression of Fuel Droplets

The measurement principle is that of
diameter-dependent resonance scattering from spheres.

Marshall Space F

A proposed optoelectronic instrument
would exploit the diameterdependent
resonance scattering of laser light from
transparent spheres to measure the
regression of liquid fuel droplets in spray
flames. As used here, “regression”
denotes a decrease, caused by evapora-
tion, in the diameter of a droplet The
proposed instrument could be integrated
with (a) a laser Doppler velocimeter for
measuring the velocities of droplets; (b) a
phase Doppler interferometer for mea-
suring the sizes of droplets; and (c) a
rainbow refractometer for measuring
temperatures of droplets and obtaining
additional information about their sizes.

A description of rainbow phenomena
Is prerequisite to an explanation of the
proposed instrument. The commonly
recognized aspects of a rainbow can be
understood In terms of a geometrical-
optics-based  theory proposed by
Descartes several hundred years ago. The
angular location of the primary rainbow
arc for a given wavelength (called simply
the “rambow angle”) can be understood
to correspond to that scattering angle al
which intensity of finst-order internally
reflected rays achieves a local maximum.
To one side of the rainbow angle is a
shadow region into which no rays emerge
and to the other side is a lit region that
contains additional rainbow arcs, called
“supermumerary arcs,” which are interfer-
ence fringes that cannot be understood
in terms of geometrical optics.

A point of light that is part of a super-
numerary arc can be understood as aris-
ing from interference between two differ-
ent rays of the same order emerging in
the same direction. Thus, at any given
scattering angle slightly greater than the
rainbow angle, the scattered light
includes rays that have followed two dif-
ferent paths through a droplet. To further
complicate the situation, the interference
of the internally reflecied rays with exter-
nally reflected rays gives rise to high-fre-
quency intensity oscillations that are
superimposed upon the supernumerary
arcs. These oscillations are extremely sen-
sitive to small changes in the diameters of
droplets. The proposed instrument is
based on the proposition that these oscil
latons can be measured and, with suit-
able processing, data on changes in the
diameters of regressing fuel droplets can
be extracted from the measurements.

The extraction of droplet-regression

www.nasatech.com

light Center, Alabama

data could proceed according to either
or both of two approaches clled the
“phase™ approach (for determining small
changes in the sizes of drops) and “fre-
quency” approach (for determining the
rates of regression of drops). In the phase
approach, the rainbow signawre of a
regressing droplet would be recorded at
two known, closely separated instants of
time. The recorded rainbow signatures
would then be digitally processed to
extract only the high-frequency contribu-
tions, and the two high-frequency signals
would be correlated to extract the differ-
ence between their phases, This phase
difference, (Ag) would be a measure of
the change in the diameter of the droplet
(AD) according to

AQ/AD = do/ dD = (2r/ A) |cosb, — cosby

+ 2mecos[sin” (sinf/m) 1},

where @ is the instantaneous phase of the
high-frequency signal at the rainbow
angle, s the instantaneous diameter of
the droplet, 4 is the wavelength of the
scattered l!hhl 8, and 8, are the inglts of
incidence of light on the droplet that give
rise, respectively, 1o the externally and
internally reflected rays that emerge at
the rainbow angle, and m is the index of
refraction of the droplet at wavelength A,

In the frequency approach, the intensi
ty of scattered light would be monitored
by a photodetector through a very small
aperture located at the rainbow angle. As
the droplet regressed, the intensity would
oscillate at a frequency equal to the rate
of regression multiplied by the expres
sion on the right side of the equation
above. The validity and feasibility of both
the phase and frequency approaches
have been demonstrated in experiments
in which a “*breadboard” prototype of the
instrument was used to observe both non-
burning and burning droplets made by a
piezoelectric droplet generator.

This work was done by Subramanian V.
Sankar, Dale H. Buermann, and William D.
Bachalo of Aerometrics, Ine., for Marshall
Space Flight Center. For further informa-
tion, access the Technical Support Package
(TSP) free on-line at wuwwnasatech.com
under the Physical Sciences category, or circle
no. 101 on the TSP Order Card in this issue to
recetve a cofry by mail (35 charge).

Inquiries concerning rights for the commer
cial wse of this fmvention should be addressed
to the Patent Counsel, Marshall Space Flighl
Center; (205) 5440021, Refer to MFS-26402,
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@ Acoustic Wind-Velocity Analyzer

The measurements are inherently compensated for variations in atmospheric conditions.

NASA's Jet Propulsion Laboratory, Pasadena, California

An instrument performs acoustic measurements to deter-
mine the velocity of the wind in a plane. More specifically, the
instrument measures the apparent speeds of propagation of
sound through the wind along two known perpendicular direc-
tions in the plane. The speed and direction of the wind can
then be determined from the known relationships between
these speeds and the speed of sound in still air Because the
instrument also measures the speed of sound in a sample of air
shielded from the wind, the measurements are inherently com-
pensated for variations in temperature, pressure, humidity, and
other atmospheric conditions.

The instument, illustrated schematically in Figure 1,
includes transmitting acoustic transducer A, plus receiving
acoustic transducers B, C, and D. The line from A 1o C (along
the y axis) is perpendicular to the line from A to B (along the x
axis), and both these lines are exposed to the wind. The line
from A to D is shielded from the wind.

The time for a sinusoidal signal 1o propagate from an acoustic
emitter located at position A to reach the three microphones
(acoustic receivers) located at B, C, and D is measured. The three
propagation times are determined by comparing their received
sine waves and their respective zero-crossing times (phase mea-
surement) to the zero-crossing time of a reference sinusoidal sig-
nal. The distance from the center of the emitter to each of the
microphones is known, and therefore, the velocity vectors w,
U, and vyp are determined. The speed of sound in stll air, vap,
is known because the path AD is shiclded from the wind.
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Figure 1. The Acoustic Transducers are used to measure the speeds of sound
along the x and y paths exposed to the wind and along a third path shield-
ed from the wind.

Figure 2 illustrates the computation of velocity. Let w = the
speed of the wind. To first order in w/ vy, the speed of sound
along each of the wo perpendicular paths through the wind
equals the speed of sound in still air plus the component of wind
velocity along that path. Thus, the two perpendicular compo-
nents (w, 1) of wind velocity can be obtained from wx = vy —
Uap and wy = e = Un. Then the speed of the wind is given by

w=( W; + H’;)
= [ (vym— Van]"' + (Vac - U.mlz]
and the angle, ¢, of the wind relative to the x axis is given by

¢ =tan’(w/w,) =tan’

= [(Uar.' = thp)/(the— 1‘.4.5)]

The instrument
operates under con- 7
trol by a micro-
processor, and a 2 | Wind Velocity
MICTOProcessor per- ‘é Vecor

r

forms the wvelocity
computations. These ;
and other features N
make the instrument
competitive with con-
ventional mechani-
cal wind-measure-
ment devices. More-
OVer, MICIOProcessor
dircuitry provides an interface with external electronic data-
processing equipment.

This work was done by David W. fuergens of Caltech for NASA's
Jet Propulsion Laboratory. For further information, access the
Technical Support Package (TSP) free online at wurw.nasatech.com
under the Physical Sciences category, or cirele no. 115 on the TSP
Order Card in this issue to veceive a copy by mail (85 charge).
NPO-19478

Figure 2. The Velocity Computations are based
on simple linear superposition of sound-veloc-
ity and wind-velocity vectors.
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8 Improved Determination of Si in Bi Borosilicate Glass
A flow-injection spectrophotometric method eliminates interference by bismuth.

A laboratory method that includes
flow-injection spectrophotometry has
been devised for measuring the silicon
contents of borosilicate glasses and
ceramics that conmin bismuth. The
determination of the concentrations of
the chemical components of glasses and
ceramies is essential for cor-
relation of physical proper
ties with chemical composi-
tions, Numerous chemical-
analysis procedures for
determining the concentra-
tions of typical chemical
components of glasses and
ceramics are available; some
of these procedures are free
from interferences, while
others are subject to inter-
ferences that result in erro-
neously high or low values,

Inductively couplcd argon
plasma emission spec-
troscopy (ICAP) is usually
reported to be free of inter-
ferences among the three primary ele-
ments (Bi, B, and Si) in bismuth borosili-
cate glass. However, elevated values aurib>
utable to interferences were obtained in
an experiment: A series of bismuth
borosilicate glasses were prepared starting
with known composition, and samples of
these glasses were submitted for elemen-
tal analysis by ICAP. The Bi and B values
obtained in the ICAP analysis were accept-
ably close to the expected values, but the
Si values from most samples were almost
always elevated; in the worst case, the
ICAP value for Si was 911 percent of the
proportion (2.1 percent) used in prepar
ing the sample. These results were unac-
ceptable and therefore it became neces
sary to develop a method to make it possi-
ble to confirm the ICAP determinations.

Flow-injection spectrophotomcetry, on
which the present method is based, is an
alternative method of determining the
concentrations of chemical components
in a procedure that involves develop-
ment of color in a carrier line, followed
by spectrophotometric determination of
the color. The dissolved sample is inject-
ed into a carrier line that contains one or
more substance(s) that react with the
sample, rendering a colored product.
One of the oldest and most widely used
methods for the determination of silicon
in the form of silicate involves the forma-
tion of the heteropoly complex with
molybdate, followed by the reduction of
the complex to heteropoly blue, which is
an intensely colored material. The

NASA Tech Briefs. July 1997

majority of the flowinjection methods
reported in the literature incorporate
additional reagents for the suppression
of phosphate and other interferences,
but none of these methods prevents
interference by precipitation of bismuth.

Figure 1 illustrates the unbalanced

Figure 1. These Chemical Reactions figure in the interferences and the elimination
of interferences as described in the text.

interference reactions along with reac
tions to eliminate the interferences. In
the present method, the bismuth interfer-
ence is eliminated in a sample-preucat-
ment step. The interference from hydro-
fluoric acid used to dissolve the sample
for analysis is removed by a first carrier

O 1500°C

X 1,350 and 1,400 G

— 1300°c
O rawe

=% Unspecified
Temperature

age of Bi;0, 220,
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mole percent concentrations of Bi,O, in glass specimens
tempemuru'rhesdid unehanmionllmmm all data points for which the mole percent-

reagent, which conmins an optimized
mixture of borate and aluminum sulfate,
The flow in the carrier line that contains
the first carrier reagent is merged with
that in a second line coniaining a second
carricr reagent, which develops the het
eropoly blue color prior to flow through
the spectrophotometer cell.

In experiments, the deter-
minations made by applying
the present method of flow-
injection spectrophotome-
try to samples of bismuth
borosilicate  glass  were
found to be comparable to
the determinations of the
standard ICAP method, con-
firming that either flow-
injection spectrophotome-
try or ICAP are acceptable
methods for determining
the concentration of Si in
the presence of Bi and B.
The modifications of the
molybdate reagent and of
sampl tion procedure eliminate
the Bi interference and the hydrafluoric
acid matrix interferences in the flow-
injection procedure.

The preparation of ceramics and glass-
es routinely includes fusion of the raw
materials in crucibles made of a large
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variety of materials. Bismuth oxide, in
addition to being volatile and subliming
at I'll(ld(‘rill{'l_\' I()\\' lt'lll]]t‘l'i!llll'l‘:i. i'-
t'.'.\ill'(_"l'l'.lf_'l\' L'l\['l‘l_l'ii\'t‘ il'l iL‘i l'l'll_'l]f(’l'l state.
Crucibles of platinum are dissolved by
molten bismuth oxide, and graphite cru-
cibles become degraded, causing
graphite particles to be entrapped in the
resulting products. Vycor (or equiva-
lent) silica material is only partially
attacked by the bismuth flux. From the
extensive number of Si determinations
in glass samples prepared in Vycor, it is
apparent that the Bi.Os content is large-
ly responsible for elevated Si levels and
that the level of elevation has a slight

In today’s environmentally-conscious world, it's survival of the fittest. Cost-
effective and environmentally safe hard coal anodizing enhances the basic
properties of aluminum such as, low density, high dielectric constant, thermal |
conductivity, lubricity, malleability, and ductility with a hardness comparable fo |
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moisture, heat, cold, friction, and the basic element of surprise!

dependence on fusion temperature (see
Figure 2).

This work was donie by Frances A. Archer
and Kenneth W. Street, Jr, of Lewis
Research Center. For further information,
access the Technical Support Package (TSP)
Jfree on-line at wune.nasatech.com under the
Physical Sciences category, or circle no. 113
on the TSP Order Card in this issue to receive
a copyy by mail (85 charge).

Inquiries concerning nghits for the commer-
cial use of this invention should be addressed
to NASA Lewis Research Ceniter, Commercial
Technology Office, Aftn: Tech Brigf Patent
Status, Mail Stopy 7-3, 21000 Brookpark Rd.,
Cleveland, OH, 44135 , R:_ff‘r to LEW-16098,
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@ Direct Time

Integration of
Maxwell’s
Equations

Propagation of optical pulses

in a nonlinear medium can be
simulated with high accuracy.

Ames Research Center;

Moffett Field, California

The propagation and scattering of
optical pulses (including electromagnet-
ic solitons) in a nonlinear, dispersive
medium can be simulated numerically by
use of a method that involves direct time
integration of Maxwell's equations. The
time integration efficiently implements
linear and nonlinear convolutions that
appear in expressions for the linear and
nonlinear parts, respectively, of the elec-
tric polarization of the medium.

The method can be described in terms
of its application to a one<limensional
test case in which a pulse of light propa-
gates along the x axis in an x jy z
Cartesian coordinate system into a half
space (x> 0) filled with a2 homaogeneous,
1sotropic, nonmagnetically-permeable
nonlinear dielectric medium. The elec-
tric-field, magnetic-field, and electric-dis-
placement vectors are taken to have com-
ponenis £, H, and D., respectively, where
the subscripts denote the directions. The
applicable set of Maxwell's equation is

o R Ve AT X

My 1%& D Hy

D, - [PzL + L )
FI'

W

andE. =

where ¢ denotes time; & and 4, denote
the electric permittivity and magnetic
permeability, respectively, of the vacu-
um; and P, and F.; denote the linear
and nonlinear paris, respectively, of the
electric polarization along the z axis.

F, is given by the following linear con-
volution of E(x, ) with the linear sus
ceptibility function y b,

P (x.t) =g Jl;crj(f ~V)E, (x,t')at’

In this case, the medium is considered to
have a Lorentz linear dispersion charac-
terized by

2 2

(g @p -2

¥ & l”:'—'e “Sinvol,

'™ v,

which is equivalent to a dieleetric per-
mittivity, £ as a function of angular fre-
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quency, @, given by
@y’ (e - e.)
WO e
E( } uaz-;&u -o°
where @, denotes a resonant frequency,

& denotes a coefficient of damping, and
the other parameters are related by

“’92 e %2(-‘-‘3 &)
and

2
viF =t _6T

Py 1s given by the following nonlinear
convolution of E(x, ) with the third-
order susceptibility function z"':

Pﬂ(x.t)=£oj I Ixfs)(!—t1.

oy

t=ts, t-ta) xE(x.ty)
E(nitp)JE(xta)attiattoalts

The nonlinear convolution provides for
nonlinear physical effects with time
retardation or memory. In this particu-
lar case, the nonlinear properties are
characterized by the following single-
time nonlinear convolution:

Pou(xt)=¢o e Lxt) x
[[as(t-t)+ (1-a)gn(t-t)] x
E}z(x.r)ﬂ‘
In this equation, ¥” becomes a con-

stant coefficient of the nonlinear suscep-
tibility, () models Kerr nonresonant vir-

The Propagation of an Optical

NASA Tech Briefs, July 1997

Pulse that contained about seven carrier-frequency
undergo in the nonlinear medium, the pulse was found 1o act as a soliton that approximately retained its amplitude and duration. It was also
found that a second, smaller pulse formed and moved out ahead of the main soliton pulse.

tual electronic transitions on the o:tlcr
o!'aboml!‘sorlm ) = ('
%)/ %% 1e “sin(1/ ;) and models tran-
sient Raman scattering, and @ parame-
terizes the relative strengths of the Kerr
and Raman interactions. Effectively, g-(1)
models a single Lorentzian spectral line
that is centered on the optical-phonon
frequency 1/7; and has a bandwidth of
1/7 (the reciprocal phonon lifetime).

The formulation of the linear and
nonlinear convolutions is completed by
assuming that the clectromagnetic field
is zero at ££ 0 and by defining

£ =0 - )eclpo
and
6(t)= %!gn(t ~t)E, % (x.t')at’

It can be shown that Fand Gsatisfy the
following coupled nonlinear ordinary
differential equations:

www.nasatech.com

E:iand_ =
T2

&
:
o]~

These equations are first solved simulta-
neously for Fand G at the latest time
step by use of a second-order-accurate
finitedifference scheme that operates
on data for the current value of D, and
previous values of D, E, F and G. Only
two time steps of storage are needed in
this approach. Then the latest value of
E, can be obtained by Newton's iteration
of the following equation, using the new
values of D, F and G:

-F-(1 —a]x(a)EzG
-eo(;:, + ax(skEza)

Ez=

Once the E field has been computed, H
and D, can be computed from E by use
of Maxwell's equations. The figure illus-
trates some results obtained by applying
this method to two versions of the test
case.

This work was done by Peter Gootjian of
Ames Research Center and Allen Tuflove
of Norﬁmslﬂw [bmrﬂly. For further infor

Sciences category, or circle
no, 116 on the TSP Order Card in this issue
to veceive a cofry by mail (85 charge).
ciad wse of this invention should be addressed
to the Patent Counsel, Ames Research Center;
(415) 604-5104. Refer to ARC-13259.

cycles was simulated. In the linear medium, the pulse was found to



@ Electronic “Noses” Made From Conductive Polymeric Films
Arrays of multiple sensors would be used to distinguish among different vapors.
NASA's Jet Propulsion Laboratory, Pasadena, California

Broadly responsive, low-power elec-
ronic chemical-vapor sensors called
“chemiresistors” are undergoing devel-
opment. A chemiresistor comprises a
pair of metal electrodes in contact with a
thin, clectrically conductive modified
pol}'pyrrolc film on an electrically insu-
lating substrate. The electrical resistivity
of the film increases or decreases
reversibly when the film is exposed to a
chemical vapor or vapors. Multiple
chemiresistors can be assembled

the sensors in an array can be moni-
tored, for example, by use of a muld-
plexing digital ohmmeter, the digital
outputs of which are processed rogether
1o extract data on the concentration(s)
of chemical vapor(s) in the air, some-
what in imitation of the manner in
which the brain recognizes sensory pat-
terns of odors that stimulate multiple
olfactory receptors in the nose (see
Figure 2),

the concentrations of components of
the vapor mixture.

In initial experiments, an array of 14
chemiresistors was exposed to vapors of
acetone, benzene, chloroform, ethanol,
isopropyl alcohol, methanol, tewahydro-
furan, and ethyl acetate in air. Principal-
component analyis of the AR/R
responses showed that the array could
be used to distinguish among these
vapors and quantify their concentra-

into arrays, within which each
chemiresistor is maximally respon-
sive to a different chemical or mix
of chemicals.

The film in a chemiresistor is
made by chemical polymerization
of a pyrrole with phosphomolyb-
dic acid (which serves as an oxidiz-
ing and polymerizing agent),
along with a plasticizer, all dis-
solved in tetrahydrofuran. The
polymerizing solution is applied to
the sensor substrate and polymer-
ization proceeds as the tetrahydro-
furan evaporates. Once polymer-

Interdigitated Electrodes

Film of Elecirically Conductive
Polypyrrole With Plasticizer
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ization is complete, the film is
washed with methanol to remove
excess phosphomolybdic  acid
and/or pyrrole monomer.

For a given film, the polymerization
conditions and the concentration and
type of plasticizer determine the sensory
response to a given vapor chemical
species or mixture; these parameters can
be controlled to obtain a film with a
known unique response for use in an
array. Thus, an array includes sensory
films that contain various plasticizers
{see Figure 1).

An array produces a chemically revers-
ible, diagnostic pattern of changes in
electrical resistance upon exposure o
different odorants, The resistances of

The resistance readings are taken at
selected times before, during, and after
exposure of the sensor to air containing
the vapor mixture of interest. The
change (AR) in each resistance from its
initial, preexposure value (R) is divided
by the initial value, yielding a fractional
resistance change (AR/R). Then the
AR/R values from all the chemiresistors
in the array are processed together 1o
determine the concentrations of compo-
nents of vapor mixtures. As envisioned
but not yet implemented, the AR/R val-
ues would be processed by a software or
hardware neural network to determine

Figure 1. Multiple Chemiresistors, each made with a polypyrrole film containing a different plasticizer, are
assembled into an array for sensing a variety of chemical vapors.

tions. It was also found possible to
resolve the components of mixtures of
cthanol and methanol vapors. The
responses of the chemiresistors were
complicated somewhat by temporal vari-
ations attributable to water vapor, but
these complications did not adversely
affect reproducibility and reversibility,
and it was still possible to extract data on
the responses to the organic solvents of
interest. Moreover, the test environment
was representative of many practical
odorsensing applications, from which
air and water could not be readily
excluded.

Sensor Array

I II I v
Expose to Measure Responses Convert Each Response to a Process Responses
Unmn% of individual Sensors Maximum Percent Increase Pattern-Recognition Tegayni%ua
or Dacrease To Identify the Vapor
._}/L \\ Vapor A

pF
>~ [

N s

Figure 2, The Responses of Multiple Chemiresistors Are Processed to extract a pattern indicative of the chemical species and concentration(s) of the sensed

vapor(s).
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This work was done by Nathan S. Lewis
and Michael S. Freund of Caltech for
NASA's Jet Propulsion Laboratory. For
[further information, access the Technical
Suppart Package (TSP) free on-line at
wune.nasatech.com wunder the Physical
Sciences category, or circle no, 103 on the
TSP Order Card in this issue Lo yeceive a copy

by mail (85 charge),

In accordance with Public Law 96517,
the contractor has elected to vetain title to this
invention. Inquiries concerning rights for its
commercial use should be addressed to:

Larry Gilbert, Director

Technology Transfer

California Institute of Technology

Mail Code 315 - 6

Pasadena, CA 91125

(818) 395-3288

Refer to NPO-19537, volume and niumber
of this NASA Tech Briefs issue, and the

page number.

@ Quality/Flowmeter for Two-Phase Fluid

Flow speed is determined by correlating upstream and downstream capacitance measurements.

John E. Kennedy Space Center, Florida

Figure 1 illustrates a prototype
instrument for measuring the volume
fractions of liquid and gas and the rate
of flow of a two-phase fluid. The instru-
ment is called a “quality/flowmeter”
because “quality” as used in engineer-
ing disciplines concerned with two-
phase flow denotes, loosely, volume
fractions of liquid or gas. Although
designed specifically for measuring
flows of eryogenic liquids containing
bubbles of their vapors, the instrument
could be readily adapted to other two-
phase (including liquid/gas, liquid/
liquid and liquid/solid) flows like
those of water/steam, water/air, oil/
water, and liquid/solid food processing
mixtures,

direction of flow. The instrument is
built around a section of pipe 32 in.
(81.3 cm) long, with a flow cross sec-
tion 2 in. (5.1 cm) in diameter at the
ends. The pipe constitutes a common
outer electrode for both capacitive sen-
sors. The other electrodes for the
capacitive sensors are metal rods
mounted coaxially within the pipe on
radial phenolic spacers and separated
lengthwise by another phenolic spacer.
The pipe tapers to a greater diameter
along the length of the electrodes to
keep the flow cross section constant
along the flow path; this featre helps
to minimize the effect of pressure
drop. Wires connect the central elec-
trodes to external electrical connec-

features — that is, the downstream sig-
nal can be expected to be an approxi-
mate, delayed version of the upstream
signal — provided that the flow is not
so wrbulent as to alter completely the
relative positions of bubbles in the
interval between the upstream and
downstream sensors.

The capacitance readings are sam-
pled at intervals of less than 1 ms.
Correlations between the upstream
and downstream readings are comput-
ed for a range of offset times, and the
delay between the upstream and down-
stream readings is deemed to be that
offset time at which the correlation
reaches its peak (see Figure 2.)

Another unique feature of this

Connector lor Left Electrode

Vacuum Valve and Fill Port

Insulated Vacuum Jacket

Pressure-Transducer Port My

Connector for Right Eiscﬁg\:a

Wire

Electrode
|| |
T P S P AT SRS - T ,jﬂﬂﬁ"zﬁ‘:ﬂ@
\ i
Phenolic Spacers

Figure 1. Two Collinear Rod Electrodes mounted on the axis of a pipe serve as capacitive probes for measuring the quality and speed of flow of a fluid in

the pipe. A temperature and a pressure sensor provide additional information on the state of the fluid.

Like some other quality meters, this
instrument is based on a capacitance-
measurement concept: The fluid flows
through a space between electrodes,
the capacitance between the electrodes
is measured, and the volume fractions
of liquid and gas are computed from
the effective permittivity, using the
known relationships (a) between the
effective permittivity and the capaci-
tance and (b) between the volume
fractions and the effective permittivity,
One of the unique features of this
instrument is that it contains two
capacitive sensors separated from each
other by a small distance along the

62

tors. A vacuum jacket containing mult-
layer insulation minimizes heat trans-
fer into the fluid,

The basic idea is to estimate the
speed of flow as the quotient of the
effective streamwise distance between
the capacitive sensors divided by the
delay between common features in the
outputs of both sensors, The signal fea-
tures are associated with the sizes and
positions of bubbles as they move past
the electrodes, and it is assumed that
the velocity of each bubble closely
approximates the velocity of the sur-
rounding liquid. The two signals can
be expected to have some common

www.nasatech.com

instrument is the incorporation of a
remperature and a pressure sensor.
The combination of qualit)-. tempera-
ture, and pressure data enables a more
nearly complete characterization of the
fluid. These data can be used to esti-
mate the density, Then the mass flow
rate can be estimated from the density,
the flow speed obtained from the cor-
relation of capacitance signals, and the
geometry of the instrument

This work was done by James E. Fesmire
and Rudy | Werlink of Kennedy Space
Center and Kenneth A. Rose, William D.
Hashell, Robert C. Youngquisl, Robert B,
Cox, and John S. Moerk of IENET. For fur-
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Figure 2. The Correlation Between the Outputs of the upstream and downstream capacitive sensors

reaches a peak at an offset time of -0.07 5.

ther information, access the Technical
Support Package (TSP) free on-line at
wunv.nasatech.com under the Physical
Sciences category, or circle no. 109 on the
TSP Order Card tn this issue to recerve a
copy by mail (83 charge).

This invention is ouned by NASA, and a
patent application has been filed, This tech-
nology is being further develaped through

NASA’s Dual Use Technology Development
Program, wherse NASA and its pariner, Air
Products and Chemicals, Inc., are jointly
funding the developmenital effort. Inguaries
concerning the commercial development of
this lechnology should be addressed to the
Technology Programs and Commercializa-
tion Office, Kennedy Space Center; (407)
867-3017. Refer to KSC-11725.

% Identifying
With Potential To
Generate Lightning

Electric-Charge Locations

Locations and magnitudes of charges are computed from

electric-field measurements.

John F. Kennedy Space Center, Florida

The Thunderstorm Localization
Workstation (TLW) is a prototype of
computers that would be dedicated 1o
predicting the locations of imminent
lightning strikes within geographical
regions of the order of tens of kilome-
ters. The TLW operates at 4 station that
receives readings from electric-field
sensors, called *field at 31
ground locations in an array that spans
Kennedy Space Center and Cape
Canaveral Air Station. The signals are

mills*
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enhanced by use of advanced signal-
processing techniques, then inverted
by use of a mathematical model of the
electric field 10 obtain the locations
and strengths of thunderstorm electro-
staticcharge centers from which light-
ning could emanatie.

The TLW software is based partly on
the Multiple Signal Characterization
{(MUSIC) algorithm, which is an eigen-
analysis algorithm that has been used in
tracking radio transmitters. In the pre-

www.nasatech.com
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sent application, MUSIC is adapted to
detect airborme electric charge centers.

The present adapted version of
MUSIC incorporates both point-charge
and dipole models of an elecwric field
above a flat conductive ground. Usually,
the point-charge model suffices w rep-
resent thunderstorm charge centers.
Inasmuch as the field mills measure ver-
tical eleciric fields, the point-charge
model is formulated to express the ver-
tical electric field (E) at each ground
location of interest: E = 2QD{{4JI£;|-:"1.
where Dis the altitude of the charge, Q
is the amount of charge, & is the per-
mittivity of the vacuum, and ris the dis-
tance from the charge 1o the ground
location.

In preparation for predicting loca-
tons of lighming strikes, one defines a
horizontal and wvertical grid over the
region of interest. A typical grid
extends 10 by 20 by 10 km and has
intervals of 1 km in all three dimen-
sions. One then precomputes a transfer
matrix, each element of which consists
of 2D/(4ngyr") for a given grid point
and a given field-mill location. In the
casc of the 2,000-point grid described
above and the Kennedy Space Center
array of 31 field-mill locations, the
transfer matrix contains 2,000 x 31 =
62,000 elements. Precomputation of
the transfer matrix saves computing
time, helping to make it possible to per-
form all other prediction computations
in real time.

In the first two steps of the process,
the TLW software reads data streams
from the sensors and decimates the
streams to a reasonable rate (typically
between 1 and 10 samples per second)
that is sufficient for tracking charge
centers yet low enough to not con-
ribute excessively to processing time.
In the third step. the data are divided
into segments between lightning
strikes, segments that do not contain
sensor- or held-saturauon effects, and
segments that do not contain sensor
faults. A neural-network method iz used
to provide sensor-fault-detection capa-
bility beyond the capability provided by
field-mill self-monitoring,

The fourth step is to determine the
order of the mathematical model (in
effect, the number of charge centers)
on the basis of inspection of the eigen-
valucs of the sclecied segment. The
fifth step is to perform the MUSIC
inversion: The grid is scanned and at
each point, a comparison is made
between the eigenvectors of the select-
ed segment and the eigenvectors of the
transfer matrix. Good alignment
between the two indicates that a charge

www.nasatech.com

center has been detected. The resulting
three-dimensional function is called the
*MUSIC spectrum.”

The sixth step is to locate peaks of
MUSIC spectrum by use of a peak-
detector run over the spectrum. This
run yields the three-dimensional coor-
dinates of the charge centers.

The seventh step is to find the
amounts of the charges by inserting the
coordinates of the charge centersin the
model and finding the leastsquares
best fit of the modeled electric field to
the field-mill data. In the eighth step,
the MUSIC spectrum and the location
and charge information are presented
in a display that resembles a weather
map overlaid on a weather-radar image.
In tests with field-mill and lightning-
detection data from thunderstorms of
recent years, the TLW charge-detection
output data were found to agree with
the lightning-detection data.

A method of optimizing the place-
ment of the field mills has been devel-
oped along with the TLW. This method
involves the use of Cramer-Rao bounds,
and can be used to design field-mill
arrays for other geographic arcas.
Cramer-Rao analysis has also shown that
sometimes a vertical-dipole model per-
forms better than the single-point
model described above. Thus, it would
be desirable to develop a computation-
al method of distinguishing between
single-point  and dipole charges.
Investigations using neural nets for
localization and wavelets for signal seg-
mentation show promise as future arcas
of research.

This work was done by Chris Berthold,
Timothy M. Rynne, Kim J. Olszewski, and
John T. Robinson of Scientific Applications
& Research Associates, Inc., for Kennedy
Space Center. For further information,
access the Technical Support Package (TSP)
free on-hine at wunw.nasatech.com under the
Physical Sciences calegory, or circle no. 111
on the TSP Order Card in this issue to
receive a copy by mail (85 charge).

In aceordance 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:

John T. Robinson

Scientific Applications & Research

Associates, Inc.

15262 Pipeline Lane

Huntington Beach, CA 92642

(714) 373-5509

Refer to KSC-11859, volume and number
of this NASA Tech Briefs issue, and the
page number.
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Notes from Industry and
the Federal Laboratories

NASA Headquarters awarded Space
Electronics Inc. of San Diego, CA, a
Phase I research contract under the
Small Business [nnovation Research
(SBIR) program (o evaluate the techni-
cal feasibility of radiation hardening of
commercial microclectronics for space
with the company's proprietary Single
Event Latchup Protection technology.
The contract will be administered by Jet
Propulsion Laboratory of Pasadena, CA,
and all research will be performed at the
company’s San Diego laboratory.

Princeton Instruments Inc.
Princeton, NJ, announced that it has
been acquired by Roper Industries of
Bogart, GA, for an undisclosed sum. Dr.
Yair Talmi, PI's founder, will become a
consultant to the company, which plans
to remain a leading supplier of cooled
CCD cameras for spectroscopy and
many applications in scientific digital
imaging. John West, formerly CEO of P,

(PI) of

will become its president. Roper
Industries has been expanding its ana-
Iytical inswumentation group, which
includes Gatan, a prominent manufac-
turer of cooled CCD cameras for trans-
mission electron microscopy, and
Molecular Imaging, which makes atomic
force microscopes. Roper, which is listed
on the New York Stock Exchange, is
expected to bring increased financial
resources to P1, enabling the company
to continue its growth. PI will remain at
its current address: 3660 Quakerbndge
Rd., Trenton, NJ 08619; (609) 587-9797;
FAX (609) 587-1970.

New Wave Research of Sunnyvale, CA,
received a US. patent (5,611,946) for
the multivavelength laser system and
probe system that the company utilizes
in its LCS II, LCS 11, and QuikLaze laser
micromachining systems. Used primarily
for sermconductor failure analysis and
liquid crystal display repair, the small
flashlamp-pumped NdAYAG lasers oper-
ate at 1064, 532, and 355 nm. Ed North,
a spokesman for the company, cites as
the lasers’ uniqueness the ability to
select the wavelength with the flip of a
switch or computer command rather
than changing laser heads or manually
inserting dichroic mirrors and harmonic
generators, North says that the patent
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cle image velocimetry applications.

The nation’s timekeepers. the National
Institute of Standards and Technology’s
Time and Frequency Division in Boulder,
CO, and the US. Naval Observatory in
Washington, DC, are spreading the word
that this summer will be the longest one
since 1994. The reason is that on June 30
the two labs, along with operators of stan-
dard clocks in all of the world’s scientifi-
cally developed countries, added a leap
second to keep the world'’s atomic clocks
synchronized to Earth's rowation. This
marks the 2Ist such worldwide adjust-
ment since 1972, as decreed by the
International Earth Romdon Service in
France. The adjustment is needed
because, though the best of advanced
clocks such as those at NIST and USNO
lose or gain much less than a millionth of
a second in a year, the Earth’s rotaton
varies several thousandths of a second
each day. The last leap second was on
December 31, 1995, and the last summer-
time leap second was on June 30, 1994,
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EPAD-Electronic Programming of Analog Devices
Programming of analog ICs enables precision, versatile trimming of analog circuits.
Advanced Linear Devices, Sunnyvale, California

Trimming of analog circuits tradition-
ally has utilized mechanical variable
resistors (trimpots). Although practical
from a partscost point of view. this
method has several disadvantages,
including large size, high labor cost,
instability, and the difficulty of remote
implementation. With the advent of the
microprocessor, an alternative method
has been employed using microconrol
circuitry. This system is versatile bu
requires a high material cost. A new
technology called EPAD (electrically
programmable analog devices) electri-
cally programs analog ICs that are func-
tioning components of an analog cir-
cuit. This allows for low-cost precision
uimming of analog circuits, since mate-
rial and labor is minimized. It is also ver-
satile, being compatible with both engi-
neering-lab and production-line proce-
dures, and enables remote trimming of
circuits in various ambient and field
conditions,

EPAD devices are a new class of
CMOS integrated circuit that allows for
the bias voliage of MOSFET wansistors,
embedded in the IC, to be pro-
grammed. The programming is accom-
plished via the use of an inexpensive,
specially designed programmer, an
IBM-compatible PC, and an adapter
module that is compatible with the par-
ticular  EPAD device being pro-
grammed. Various configurations of
such devices are possible from simple
dual MOSFET transistors to operational
amplifiers. Standard programming soft-
ware allows for basic variations in circuit
performance, but users are free 1o
establish varied and specific applica-
tions by developing their own software
and adapter module hardware.

EPADs can be programmed in up to
2000 discrete steps with a resolution of
0.001 volt. Programming is achieved
through a series of software-controlled
rapid-fire bursts of voltage, and is
monotonic. This means the device can
be programmed to successively higher
voltage levels, but not lower
Bidirectional programming can be
achieved, however, by utilizing the
EPADs in pairs. One device can be
incorporated into a simple circuit to
always lower voltage and the other to
always increase it, thus allowing for bidi-
rectional programming. Once pro-
grammed, the voltages are fixed and sta-
ble, and cannot be altered, even under
power-off conditions.

(3

The programmer is a low-cost unit
that interfaces with a standard IBM-
compatible PC. (386 or higher, with
DOS 3.0, Windows 3x or Windows 95)
via the parallel printer port. The pro-
grammer contains control logic, a preci-
sion analog-to-digital converter, a pro-
gram pulse counter, a switch matrix,
and the circuitry required to make pre-
cise voltage measurements. Connection
to the programmer is accomplished via
adapter modules, into which the EPAD
is inserted, with individual programs
that are specially configured for each
EPAD device. DOS-based software

verify that the programmed voltage lev-
els are realized in each transistor.

EPAD units can be programmed as
standalone units, before they are put
into a circuit, or in the system after the
assembly has been built. This allows
trimming circuils al various environ-
mental conditons. For example, EPADs
may be used o provide trimming of var-
ious battery-operated instruments that
may experience varied ambient condi-
tions. In such cases the device can be
programmed in an environmentally
controlled chamber, or hostile field con-
ditions. EPAD programming is compati-

ALD E100
EPAD Programmer

15 VDC pawer supply
supplied by user

Cable to PC Parallel Printer Port .

386,
)

Adaprer Module with
ribbon cable &

cannector

ALD EPAD
Electvically Progammable
Analog Device

Schematic of Advanced Linear Devices' E100 EPAD Programming System.

allows custom programming of the con-
trol application software, written in
Quick Basic. The interface software con-
tains two windows, a parameter-setting
window and a programming window.
Users can develop unigque programs (o
allow for automatic and custom pro-
gramming of their entire circuit or sys-
tem. For instance. a desired cirecuit or
system output could be established and
a software program devised to automati-
cally program an EPAD device to give
this output.

EPAD integrated circuils are factory-
set to nominal threshold voliage levels.
Users first measure the threshold volt-
ages via the programmer and PC, where
the voltages for each transistor are dis-
played to the nearest ten-thousandth of
a volt. Each channel can then be selec-
tively and individually programmed, via
the PC keyboard, in increments of 0.001
V, Values are displayed in real time to

www.nasatech.com

ble with engineering laboratory instru-
ments and software programs, making it
well suited for research and circuit
development procedures. It is also very
applicable to production, since wim-
ming of an analog circuit or system can
be preprogrammed and completed as a
final step after assembly. The procedure
is rapid and inexpensive. For instance,
circuits that are encapsulated into mod-
ules can be trimmed without destroying
the integrity of the epoxy case, thus
maximizing yield, cost, and reliability.

Developrment work on EPAD was compilet-
edd by Advanced Linear Devices,
Sunnyvale, CA, under the direction of
President Robert Chao. For additional infor-
mation, fax Richard Koury, Marketing
Manager, at (4#08) 747-1286. Patents have
been applied for. Inquities regarding licens-
ing of this technology should be divected to
Aduanced Linear Devices, 415 Tasman Dr.,
Sunnyvale, CA 99089.
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SONY.
The world’s most

advanced data recorders?
(All DAT and more, SIR.)

Who but Sony could pack speed, range, density,
features, and above all, portability, in such small packages.
But rugged enough for the toughest field jobs. With
multiple power capability: AC, DC, and battery. And. they
perform, with individual per channel A/D conversion and 16 bit
linear quantization for exceptional data resolution and
high dynamic range (80dB or greater). Exceptional data with
interchannel phase error of less than 1°. Choosea the DAT or
aven higher capacity SIR series. It's just a matter of how many
channels and how much data you require.

DAT PC200AXx Series AIT SIR-1000

» Upto 20 kHz analog bandwidth « 20 kHz analog bandwidth per channel on 16 or
(100 kHz/PCHB244). 32 channels (up to 256 channels at 5 kHz).

« Up to 3 Mbps digital bit stream recording « Digital bit stream recording to 24 Mbps.
gg:{ggi'ﬁg and digital channals on the « The new Sony AIT (Advanced Intelligent Tape)

) and drive stores 25 Gbytes.
. g’:“ﬁ"e ':hlamel configurations from 2 to » Up to 32 hours recarding duration per
oicadh gy _ data cartridge.
» Awide range of voltage inputs. « Variable speed record and playback
s Up lo 6 hours of data storage (4 Gbytes). minimizes data reduction time.

. * Triggered recording with pre-
trigger, re-write error correction,
standard voice and IRIG time code
channels, optional SCSI fast &
wide data interface.

s« Complete computer integration
for remote control.

s Supports Data Transfer from
most DAT tapes.

PCscan™ MKII written in Windows* 85 32-bit
code controis a high performance AD converter,
up to 4 Gbyte of analog storage, high speed
search, real-tme wave monitoring, and tape data
format conversion. That means improved data

measurement. And dat’s DAT.
|
Sony Precision Technology Inc. Sony Precision Technology America, Inc. Sony Precision Technology Europe GmbH
Toyo Building, 9-17, Nishigotanda 3-chome, 137 West Bristol Lane Stuttgarter Strasse 106
Shinagawa-ku, Tokyc, 141 Japan Orange, CA 92865 USA D-70736 Fellbach, Germany
Phone: +81 (3) 3490-3043 Phone: (714) 821-0630 Phone: +40 (711) 5858-253
Fax: +81 (3) 3480-4674 Fax: (714) 921-1162 Fax: +49 (711) 580715

hitp://iwww.sony.co.jp/interChange/spt/corp.html

For More Information Circle No. 456



Polarization-Insensitive Electro-Optical Modulator Sy;té;lis

Costs of light-wave communication systems could be reduced.
NASA’s Jet Propulsion Laboratory, Pasadena, California

Electro-optical modulator systems of
two proposed types would be insensi-
tive to polarization; that is, variations in
the polarization states of the input light
waves to be modulated would not give
rise to variations in the power levels of
the output modulated beams. These
modulator systems would be desirable
in lightwave communication systems,
including fiber-optic telephone, cable-
television, and millimeter-wave commu-
nication systems, plus future personal
mobile communication systems.

The commercial electro-optical mod-
ulators in current use are sensitive to
polarization, making it nccessary to
take great care to ensure correct and
stable polarizations in order to obtain
stable outputs. This, in turn, necessi-
tates the use of polarization-maintain-
ing optical components — including,
in many cases, polarization-maintain-
ing optical fibers, In comparison with
ordinary single-mode optical fibers,
polarization-maintaining optical fibers
cost about 20 times as much and are
more difficult to handle; these charac-
teristics contribute significantly to the
high cost of present lightwave commu-
nication systems. Moreover, sensitivity
to polarization precludes the use of sin-
gle-mode optical fibers in the field,
thereby inhibiting the establishment of
the superior lightwave communication
systems that could be built around elec-
tro-optical modulators. Because of
their insensitivity to polarization, the
proposed modulator systems would
decrease the cost and increase the fea-
sibility of such systems.

The upper part of the figure
schematically illustrates a proposed
polarization-insensitive modulator sys-
tem of the first type. The incoming
lightwave to be modulated would first
pass through a polarization beam split-
ter, which would decompose the beam
into two beams in orthogonal polariza-
tion states. The two orthogonally polar-
ized lightwaves would pass through sep-
arate electro-optical modulators driven
by the same signal. The outputs of
these modulators would be directed
into a polarization beam combiner,
where they would be recombined into a
single output lightwave.

The power of each polarization
going into its respective modulator
would depend on the angle of polariza-
tion, @, of the input wave. However, the
power of the output wave could be

Ba

made independent of & Starting from
the basic equations for the behavior of
the various polarization components, it
can be shown that if the two modula-
tors were identical, then the power, P,
of the output beam would be given by

Py = 0P, fcos[¢(VIt) ) +0al )",

where @ is a transmission factor, P, is
the power of the input beam, ¢(V(1)) is
the variation in phase angle as a func-
tion of the timevarying modulation
voltage V({), tis time, and @, is an initial
phase determined by the bias voltage
applied to the modulators.

Finally, the light from the reference
and signal arms would be recombined
in the output polarization-independent
beam combiner. If the phase modula-
tors in the signal arm were identical,
then the output power would again be
independent of 8 and would be given
by

Py = (Pu/ Dlarocos[ @ V(1) ) +.-0.] ),

where o, and &, are transmission factors
for the reference and signal arms,
respectively; ¢(V{#)) is a modulation
function like that described above, and
Ppand ¢.are initial phase angles for the

TYPE 2

Polarization-
Independent
- Beam Combiner

[+ output Light

These Electro-Optical Modulator Systems would produce output signals with power levels indepen-
dent of the polarization angles of the input light, provided that in each system, the modulators were

identical.

The lower part of the figure illus-
trates a proposed polarization-insensi-
tive modulator system of the second
type. A polarization-independent beam
splitter would split the incoming light
into two parts of equal power and iden-
tical polarization states. One of these
light waves would be directed along an
optical path called the “reference arm,”
where it would travel directly to an out-
put polarization-independent beam
combiner. The other part would be
directed along an optical path called
the “signal arm,” where it would be split
further into orthogonally polarized
waves that would be phase-modulated
by the same signal, then recombined.

www.nasatech.com

signal and reference arms, respectively.

This work was done by Xiaotian Steve
Yao of Caltech for NASA's Jet Propulsion
Laboratory. For further information,
aceess the Technical Support Package (TSP)
[ree on-line at wurv.nasatech.com under the
Physical Sciences category, or circle no. 158
on the TSP Order Card in this issue to
recetve a copy by mail (35 charge).

This invention 1s ouned by NASA, and a
patent application has been filed. Inquiries
concerning nonexclusive or excluswe license
for its commercial development should be
addressed to the Patent Counsel, NASA
Resident Office-[PL; (818) 354-5179.
Refer to NPO-19430.
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If You Think Omron Only Makes Relays,
Read Between Our Lines.

t's true we're the world's number

one relay supplier. So it's not
surprising to learn that design engineers
and specifiers know us for our relays

But we also manufacture the
world's most complete line of swilches
and photomicrosensors.

For years we've been building all
types of switches, photomicrosensors,
and relays for leading companies that
ﬂ\ulﬂllrﬂﬂlll'{‘ k“]t.‘(‘l')l'l'l.[]‘ll.lﬂi(‘;l[il’.lﬂ.‘i
procucts, home and office electronics,
computer peripherals, appliances, and
HVAC equipment, just to name a few,
Proven Nf:}zetvi.'}:y
mikes Ohmron
relays, switches,
and photo-
miicrosensors the
preferved choice
of design engineers

and specifiers

uiﬂf}()‘k'}&.

What does all this mean? That’s
simple. Our expertise has led 1o the
development of standard components
for all kinds of applications. And when
you can fit a standard switch to your
cusiom application, you're looking at a
considerable cost savings. Plus you'll
see your design go into production that
much faster.

In switches alone, we have basic
switches, mechanical keyswitches,
rotary and in-line DIP, thumbwheel and
rocker switches, amplified and non-
amplified photomicrosensors, PCB
mount and connector-ready photo
microsensors, as well as lighted and
oilight pushbuttons.

And everything Omron makes is

100% tested, available to you world-

wide, and hacked up by owstanding
technical and distribution support.

To find out if Omron has the
component solution you're looking for,
call now to receive our Standard
Products Catalog or visit our web site at
http://www.oei.omron.com. For a
directory of techinical data sheets, call
ControlFax at 1-847-843-1963 and ask
for document 50,

If you respond 10 innovation and
more efficient ways of doing business,
it's a story worth reading.

1-800-55-OMRON

ASK FOR OUR STANDARD PRODUCTS
CATALOG. IT'S FREE!

OMRON.

WE HAVE THE FUTURE IN CONTROL
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One-Sided Focusing Schlieren System With Reflective Grid

All of the focusing optics are located on one side for compactness.
Ames Research Center, Moffett Field, California

In an improved focusing schlieren
system designed especially for observing
flow in a wind tunnel, all of the focusing
optics are located on one side of the vol-
ume to be observed (test volume),
mstead of on both sides as in older
schlieren systems. Thus, most of the
instrumentation can be mounted in a
compact aerodynamic housing that per-
turbs the flow minimally and that can be
positioned within the wind tunnel to
obtain the required view of the observa-
tion volume.

The immediate predecessor to the
improved system is a twosided focusing
schlicren system that utilizes grids
instcad of the knife edges of classical

focusing schlieren systems. In the pre-
decessor system, an illuminated Fresnel
lens and frosted glass serve as a bright,
diffuse source of light on one side of the
test volume. A source grid lies between
the Fresnel lens and the test volume. A
camera located on the opposite side of
the test volume faces the source grid,
and a cutoff grid (the photographic
negative of the source grid) interacis
with the image of the source grid as
modified by refraction in the test vol-
ume to provide the schlieren image.
This image reveals gradients in the
index of refraction and thus gradients
of density in the flow in the test volume.

In the improved system, the source of

light of the predecessor system is
replaced by a screen of retroreflective
material like that used in automobile
license plates and road signs. The
retroreflective material contains pris-
matic particles that reflect light diffuse-
ly but with greatest intensity back along
the path of arrival. A source grid is laid
over the retroreflective screen. The
grid-covered screen is mounted on one
side of the test volume; it can be conve-
niently mounted on the wall or ceiling
of the wind tunnel.

The other optical components of the
system, including the cutoff grid, cam-
era, and source of light, are mounted in
an acrodynamic housing on the other

+—— Retrorefiective Screen

Covered by Source Grid

Flow Field

Light Absorber

Beam Splitter

The Retroreflective Screen reflects light predominantly along the path of illumination through the source grid. The light passes through the flow field into
the camera lens. Optionally, the beam splitter can be removed and the source of light can be placed alongside the camera and aimed parallel to the opti-
cal axis of the camera to illuminate the test volume and the retroreflective-screen/source-grid combination,

10a
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side of the test volume (see figure). By
use of a beam splitter, the source of light
can be made to illuminate the screen
and source grid along the optical axis of
the camera. The retroreflective screen
directs the light back along the same
patl'l through the source grid, and the
schlieren image is formed in the same
way as in the predecessor system. One
side benefit of this arrangement is that
instead of being silhoueued by back
lighting as in older schlieren systems,
objects in the test volume are illuminated
from the camera side and, as a conse-
quence, their details and interactions

with the flow can be viewed more readily.

A tabletop model of the system was
built to test its design. The model
included an f/56 camera lens with a
300-mm focal length. The model exhib-
ited a sensitivity of less than 9 arc sec-
onds, which is comparable to that of a
conventional schlieren system. The sys-
tem had a depth of focus of less than 13
mm. A system of similar design was test-
ed in the NASA Ames 7 x 10-ft (2.1 x 3m)
wind tunnel.

This work was done by James T. Heineck of
Ames Research Center and Stephen M.
Jaeger of Sterling Federal Systems. For further

information, access the Technical Support
Pachage (TSP) free on-line at www.nasate-
ch.com under the Physical Sciences category,
or circle na. 125 on the TSP Order Card in
this issue to receve a copy by mail (35
charge).

This invention has been patented by NASA
(U.S. Patent No. 5,515,158). Inquiries con-
cerning nonexclusive or exclusive license for
its commercial development should be
addressed to the Patent Counsel, Ames
Research Center; (415) 604-5104. Refer to
ARC-1339].

Capacitive High-Volta_ge Sensors for Phase-Locked High-Voltage

Supply Control Systems
Advantages include easy interface to digital or phase-locked control systems.
Vandiver Electronics, Huntsville, Alabama

Readily available high-voltage capaci-
tors with X7R dielectrics have been
incorporated into radiofrequency oscil-
lator circuits to form high-voltage-con-
trolled oscillators (HVCOs) whose out-
put frequency varies with applied volt-
age. The high-voltage capaciwors form
part of a radiofrequency oscillator tank
circuit along with center-tapped winding
on a toroidal inductor. The use of a cen-
tertapped tank winding along with two
sense capacitors allows the high-volage
input to be applied to an RF ground
point, so that very little RF energy is
leaked into the high-voltage system, and
also serves W make the oscillator insen-
sitive to the impedance presented by the
high-voltage supply beng monitored,
The centertapped tank circuit is cou-
pled to the remainder of the oscillator
electronics by another winding on the
same core, as shown in Figure 1.

The advantages of a capacitive sen-
sor include no power dissi-

High Veltage to be Sansed

High Voltage Return
Figure 1. HVCO Tank Circuit.

characterized over the expected ranges
of temperature and highwoltage bias to
be encountered during operation. The
HVCO also presents an additional
capacitance to the output of a high-volt-
age stepping supply, and some addition-
al current is required from the high-volt-
age supply during output step changes.

The HVCO circnit has been tested
successfully in a prototype phase-lacked
loop (PLL) control system for a high-
voltage stepping supply. A system block
diagram is shown in Figure 2.

A commercial PLL frequency syn-
thesizer 1C formed the main control cir-
cuit in this system. A quariz crystal pro-
vided a stable clock reference for the
system. The phase detector outputs
from the PLL chip were buffered and
used to drive infrared LEDs, which pro-
duced photocurrents in reverse-biased
high-voltage diodes in an optoelectron-
ic high-voltage output stage. The HVCO
was used to provide feed-

paton from the high-volt- - back to the PLL from the
age supply output for o m high-voltage output. High-
steady-state outputs, easy Y VI s W e el Reprasants voltage steps were deter-
isolation of high-voliage [ % ﬁ; O Wivor mined by programming the
and low-voltage grounds, | Seriel Programmasie | AVCO PLL chip frequency dividers
and easy interface to digital | m =i m w through a serial digital
or phaselocked control sys- | | i interface.
tems. The HVCO is also sim- I DeatwadBox | This work was done by James
pler to implement than | m‘” ! N P C. Vandiver of Vandiver Elec-
some other nondissipative | lErm-o tromics for NASA's Planetary
means of sensing a high- : Referance Cadintor Diferential Output _[P Optosisctonic Stap Oulpt Instrument Definition  and
voltage output, such as elec- | PRI I SN (LEDe aref 1V choden) Development Program (grant
tro-optic cells. him e e e pates no. NAGW-4595). For more
Since the capacitors in HVDC information, contact Vandiver
the HVCO are sensitive to 7 oo | at 741 Chase Rd., Huntsuville,
temperature as well as voli- AL 35811; (205) 851-7712;

age, a given HVCO must be

12a

Figure 2. Phase-Locked High-Voltage Control System.
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Vandiver@unhesp.sr.unh.edu
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First-Order Modeling

of a Radiometer in Mathcad
The model can be adapted to almost any design requirements.

Stennis Space Cenler, Mississippn

A first-order mathematical model of
an infrared radiometer functioning as a
temperature sensor has been created
within the Mathcad software frame-
work. The model is a useful computa-
tional tool for designing and analyzing
the performances of radiometers. The
model provides easy access to the pri-
mary design parametess of a radiome-
ter and enables the user to manipulaie
conditions to fit a wide range of appli-
cations.

radiometer over all wavelengths, the
pass band of the radiometer can be rep-
resented by a trapezoidal responsess.-
wavelength plor

The transmittance of the intervening
atmosphere and radiometer optics are
specified by the user. In the model,
these parameters are lumped into one
transmittance value, which is multiplied
by the gray-body speciral radiance for a
given target temperature and integrat-
ed over the pass band (which can also

1999 T I T T

1,200 —

1,000 —

Temperature, K
8
|

m - —
m - =
200 - | | | | | = =) | |
0 25 50 75 100 125 150 175 200 225 250
Digttal Count

Temperature vs. Digital Count was computed for the lookup table in a test case.

In the model, the target (the object,
the temperature of which one seeks to
measure) is assumed to radiate accord-
ing to Planck’s radiation law as a gray
body of known emissivity. The target is
assumed to fill the field of view of the
radiometer. The detector in the
radiometer is assumed to be a ther-
mopile with a responsc that is specually
flat and linear with input (this linearity
is known to be only an approximation).
Other simplifying assumptions (involv-
ing various degrees of approximation)
include that no correction for ambient
temperature is necessary, that the spec-
tral transmittance of the intervening
atmosphere and the radiometer optics
are uniform over all wavelengths, that
there is no reflected radiation and no
atmospheric or other radiance coming
from sources other than the target, and
that for purposes of computing the
integral of spectral response of the

July 1997

be specified by the user) to obtain the
radiance at the detector. The response
(output voltage) of the detector to this
radiance is estimated from the detector
specifications,

The output of the detector is
assumed 1o be fed through an amplifier
to an analog-to-digital converter
(ADC), the output of which is used to
address an electronic memory that
implements a lookup table of tempera-
ture vs. digital count (see figure). The
model computes the amplifier gain
needed to maximize resolution for the
case of an 8bit ADC with an input-
potential span of 5 V. The model fur-
ther computes the digital counts for the
highest and lowest expected levels of
radiance. The combination of counts
and radiance is used to obtain a linear
system transfer equation. which, in
turn, is used to compute the countto-
temperature lookup rable.

www.nasatech.com
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Measure surface stress
and retained austenite

NONDESTRUCTIVE RESIDUAL STRESS ANALYSIS
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The Mathcad software framework makes it possible to relax
some of the simplifying assumptions by incorporating the
applicable spectral transmittances, reflectances, detector para-
meters, and/or other detailed information as needed. Thus,
the model can be adapted to a more rigorous analysis to satis-
fy almost any design requirements. The model was created in
Mathcad version 3.1 for UNIX, and can be implemented in
any Mathcad version 3.0 or later.

This work was done by Bruce A. Spieving of Stennis Space
Center. For further mformation, access the Technical Support
Package (TSP) free on-line at wuw.nasatech.com under the Physical
Seiences calegory, or circle no. 168 on the TSP Order Card in this
issue to receive a copy by mail (85 charge).

Inquiries concerning rights for the commercial use of this imvention
should be addresed to the NASA/SSC }'E'fhnu.*ug‘y Transfer Office,
(601) 688-2346. Refer to SSCD0043.

Determining Temperatures
From Hues of Liquid Crystals

A nearly linear relationship between hue and
temperature was observed in an experiment.

Lewis Research Center, Cleveland, Ohio

Preliminary experiments have demonstrated the feasibility of
a colorimetric technique for measuring the temperature of a
surface coated with liquid crystals in a suitable binder. The tech-
nique could be used to map temperatures relatively noninva-
sively and should be particularly useful in experimental invest-
gations of heat-transfer processes.

The technique is based on the fact that cholesteric and chi-
ralnematic liquid crystals progressively exhibit all colors of the
visible spectrum as they are heated through certain tempera-
ture ranges. The upper and lower limits of the temperature
range of a given liquid-crystal mixture can be chosen by selec-
tion of the appropriate liquid-crystal ingredients and the pro-
portions thereof. Overall, colorchange temperawres of cur-
rently available liquid crystals range from a few degrees below
zero to several hundred degrees centigrade, and the color
change range of a liquid-crystal mixture can be made as narrow
as | °C or as wide as 50 °C.

Though the implementation of the technique involves atten-
tion to the many details that affect any colorimetric scheme, the
basic principle of operation is simple. The surface to be
observed would be coated with a liquid-crystal mixture formu-
lated to change color over the temperature range of interest.
The object would be observed by a color ideo camera. The out-
put of the video camera would be fed to an image processor
and computer, which would compute a quantitative measure of
the hue of each picture element from the red, green, and blue
video signals from that picture element. Then by use of a
known relationship between the hue measure and temperature
(determined previously by calibration measurements at known
temperatures) , the temperature of the surface point represent-
ed by each picture element could be computed. Picture cle-
ments at the same temperature could be connected by lines to
form isotherms, generating a temperature-contour map of the
observed surface.

The upper part of the figure illustrates schematically an appa-
ratus used to demonstrate the technique. The lower part of the
figure presents the results of a set of measurements taken on
the apparatus, These results confirm the close correspondence
beween hue and wemperawire for the particular liquid-crystal

July 1007



tested: particularly noteworthy is the nearly linear change of
hue from 35.3 to 36.8 *C. This linear range spans the visible
spectrum from red to blue, and the uncertainty band around
any given hue value in the linear range is about 0.1 “C wide.
The preliminary experiments also showed that, as one would
expect, the huevs-temperature relationship can change slight-
ly with intensity of illumination and can change to a greater
degree with the angle of illumination. Therefore, to minimize
the uncertainty in the measurement of temperature, one
should set the lamps at the same distance and angle from the
observed surface during both calibration and subsequent mea-
surements to determine unknown temperatures. Also to mini-
mize the uncertainty, one should keep all camera adjustments
(gain, zoom, aperture, and the like) and all image-processor
color<apturing adjustments the same during calibration and

subsequent measurements,
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RESULTS OF CALIBRATION MEASUREMENTS

The Video Camera Observes a surface covered with liquid crystals. A tem-
perature map of the surface can be generated by computing hues from the
color video output and by using the relationship between temperature and
the hue of the liquid crystals.

This work was done by Cengiz Camei of Pensylvania State
Unrversity and Kuisoon Kim of Pusan National University (Korea) for
Lewis Research Center. For further information, access the Tech-
nical Support Package (TSP) free on-line at wunw.nasatech.com under
the Physical Sciences catsgory, or circle no. 160 on the TSP Order Card
in this issue Io veceive a copy by mail (85 charge)

Ingitiries concerning nights for the commencial wse of this muvention
should be addressed to the NASA Lewis Research Center, Commercial
Technology Office, Attn: Tech Brief Patent Status, Mail Stopp 7-3,
21000 Brookpark Rd., Cleveland, OH 4#4135. Refer to LEW-15260.
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Metric sells, rents and biys the
biwest in refurbished electronic
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ment from Hewlenmn Packand,
Tekermriex, Fluke, Keithley, et
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High-Frequency Analog
CMOS Adaptive Filter Circuit

The circuit facilitates low-cost small interference cancellation
and beam-forming for communications and radar systems.

Naval Research Laboratory, Washington, D.C.

An analog adaptive filter VLSI circuit
using the least-mean-square-error algo-
rithm realized in 2micrometer CMOS
technology with external feedback
amplifiers has demonstrated operation
up w 80 MHz in frequency, cancellation
of two simultancous interferences of up
to 60 dB, a notch Alter bandwidth as nar-
row as 20 kHz, and a minimum adapt
time constant of 20 microseconds.
According to the researchers the cir-
cuit's frequency of operation is the high-
est reported for an integrated-circuit
analog adaptive processor of its type.
The chief poteniial uses for the circuit
are as a cosite interference canceller, a
multiple programmable notch filter, or
an adaptive array sidelobe canceller for
communications or radar svstems.

The 90° phase-shift blocks used in the
adaptive filter circuit demonstrated were
commercially available quadrature
hybrid modules. However, RC networks
capable of providing the necessary sig-
nals 90° out of phase have also been
integrated in the same CMOS process
used for the multiply-integrate-multiply
circuitry. Continuous-time tapped delay
lines (based on SAW, crystal, transmis-
sion-line, or integrated-circuit delay-line
technology) could also be used along
with the 907 blocks to improve perfor-
mance for linear predictor or adaptive
antenna array applications.

One of the serious difficulties in
designing analog CMOS adaptive circuits
is errors due to transistor threshold mis-
matches. This adaptive filter circuit con-

SIGNAL + PROGRAMMABLE PROGRAMMABLE
INTERFERENCE LINEAR NOTCH NOTCH
pnemc‘ron Ry A,
(@
20° 20°
o nonoe - EX
E'\ + * + OUTPUT
hury
b
W W3 Wga S

Schematic of the Multiple Interferer Adaptive Canceller using the least-mean-square learning algo-
rithm. It can be configured as a multiple programmable notch filter, a co-site interference canceller, a
linear predictor, or an adaptive array sidelobe canceller.

The adaptive filter circuit consists of a
number of multiply-integrate-multiply
taps (integrated in CMOS) whose out-
puts are summed and fed back (through
off-<chip feedback amplifiers). The dif-
ference between the feedback and input
signals, the error signal, is used to
u}id‘d:t* the weights, and also serves as
the output signal. The first multiplier in
each tap correlates the error with the
reference signal for that tap, and the
result is then integrated over time, con-
tinuously updating the weight for that
tap. The second multipliers and sum-
ming block produces a weighted combi-
nation of the reference signals, which is
then fed back. A pair of taps is required
for cancelling a single jamming tone.

www.nasatech.com

tains a novel autozeroing circuit o great-
ly reduce the most significant error of
this type: DC input offset voltages of the
integrator and DC input and output off-
set voltages of the first multiplier in each
tap. Another serious difficulty for which
a novel solution has been invented is the
problem of excess delay (or phase shift)
in the high-speed feedback path.

This work was done by Fritiz Kub and Eric
Justh of the Naval Research Laboratory. A
patent is pending. Inquinies concerning rights
Jor the commercial use of this invention
should be addressed to Dr. Richard H. Rein,
Head, Technology Transfer Office of the
Naual Research Laboralory, 4555 Overlook
Ave. SW, Washington, D.C. 20375-5320;
(202) 767-3744.
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automatically in minuies

Desktop Electronic Design & Analysis

MicroSim Corp., Imine, CA, introduces Release B, which it callsa
tightly integrated startio-finish desktop electronic design and
analysis (EDA) system for mixed analog/digital designs. The
company poins to two new feamares a8 innovadve: Design
Joumal™ and Design Manager. The first enables engineers 1o
mark checkpoints at key erossroads, try alternative design direc
tions, compare the results of all the alternanve choices on a single
graply, then proceed with the best option. Design Manager func-
tions as an sutomatic organizer, linking together all files, even
non-EDA documients and references to outside definitions, associated with the design into a single, self
contained entity, Symbaols from Models, another key feature, allows engineers 10 download smulation
maoddels published by manufaciurers on the Interoet, and the system will oreare symbaols for the models

For More Information Circle No. 733

The design of the new
line of micro air condi-
Loners Rital,
Springfield, OH, was
done with spacesaving
im mind. The unit,
which can be mounued
on the wall or recessed
through the wall of the enclosure, has a footprint of
just 20 in. HX 10,60 WX 4.7 in. D. Ao abuse-resis
mnt microprocessor controls and monitors enclo-

from

stre lemperature. A sealed barrier between external
and internal airflow paths provides NEMA 12 pro-
wection., The units, which use CFC- and HCFC-ree
refrigerant, can operate at up to | 31°F ambien

For More Information Circle No. 795

Uniirode Corp,, Mer-
nmack, NH,
two-cell

o=
duces a
lithium-ion battery
pack protector that

INCOrpOrates an on<hip senes field effect transisior
(FET) switch. The UCC391 1 safeguards applications
against battery output short circuits, Its precision-
handgap voluge reference detects when either cell is
i an overcharged or overdischarged state. The FET
switch then opens, protecting the cells. Temperature
range is -20'C w +70°C. It is available in a 16pin
S501C package. Price of the UCCH911 is $3.40 in
quantities of 1000,

For More Information Circle No. 798

The MSC OPEN Signal™ family
of singlechannel signal condi-
tdoning and isolating modules
from SensorPulse Corp., S
Easton, MA, is field-config-
urable w0 meet the user's
requirements, but cun also be preconfigured or cus
wom-configured at the factory for plug-and-play
applications. Model types determine the input signa!
wvpe—current, volage, thermocouple. RTD, fre-
quency, potentiometer—and the outpul type—acuir-
rent or voltage. The devices have full 16-bit resolu-
tion and a worstcase accuracy of 0.1 percent at the
output signal range. The terminal block measures 85
X 50X 11 mm and & DIN milkmountzhle
For More Information Circde No. 801
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The new noncontact 3D n[)lir.al
protiler from Wyko, Tucson,
AZ, measures hmnp heights
below 150pm fur process con-
trol of ﬂ'ip-rhlp pm;kaging_ The
system, which utilizes optical
phase-shifting and vertical scanning interferometry,
processes up to 30 million data points per secand
Employing an Equipe Technologies robot and a
witfer prealigner, the systemn measunes walers from 4-
% in. in diameter. In production, the pml’:h-.r Ao~
matically detects buinp position, solder bridges, and
missing and extra solder bumps, displaying pass/fail
results and position statistes at the bump, die, waler,
and lor levels.
For Mot Information Circle No. 796

The new GIVM line of MOS-
FET relays fromm Omron Elec-
I, is
avaiiable niot only in standard 1
Form A G-pin and 2 Form A &
pin but alio 4pin configura-

tromics, Schanmburg,

tions, and in indusiry-standand
iurface mount and through-hole mounting configu-
rations. The devices also come in a variety of contin-
usis-loud current connections—AC, DC single and
DC parallel—at 120, 150, and 200 mA. Omron sug-
gests the relays for telecommunications hook sig-
nalling and line scize, datacom modems, and auto-
matic ext equipment. Pricing starts at $1.80 in quan-
tities eoff 1040,
For More information Circle No. 799

Prem Magnetics Inc.,
McHenry, 11,
duces the SMI series
of surface-mount or
through-hole-mount
inductors. They fea-
ire an above-board height of 0.340 in. macimuwm, A
wide range of inductance values gives the user flexi-
bility in meeting a wariety of SMPS and RF applica-
tions. Prem wiys that the SMI series” open coil feore

INLro-

construction makes the inductors very economical
Pricing is in the Sl-perunit mnge in production
quantities for both surface-mount and through-hale-
mosunt styles

For More Information Circle No. B02

www.nasatech.com

OakGrigsby, Sugar Grove, IL
introduces the 700 Senes of
mechanicil encoder/potentiome-
ters, a fumily it savs i the indus-
ry's first to combine digital or amalog crcuitry, low
cost, and the compact size of the 0.890-in. package
The line also features an intcgrated pushbuton
optien, available with or without detent in either out-
put, for singleshait/duafunction applications for
either interface. The encoders can interface directly
with digiml circuitry without an A/T) converter. The
700 Series has a 100,000-cycle life rating at normal
operating current, requires no external power source,
and can be insialled directly on a PC board with a
mounting bracker,
For Mo Information Circle No. 794

WAl
Intusoft, San Pedro,
CA, calls its Test De-
signer™ an EDA tool
that automates analog
and mixed signal Fult
simulation, fault diagnosis, test soltware develop-

ment, and acceptance test gencration. It includes a
fully mtegrated schematic entry tool, extensive
model libraries, a state-of-the-art SPICES-based sim-
ulator, a graphical dawm posiprocessor, and many
features to handle test-data analysis and reponing.
All key data entry, analysis, and reporting features
are graphically driven. More than 10,000 part mod-
els are provided, and most inchide predefined fail-
ure modes,
For More Information Circle No. 797

The Integra from the
Crompion Instruments
Group of BTR Instmiments,
Manchester, NH, is a panel-
mounted digital instru-
ment that measures and
dltphy\: more than 100 electrical parameters By sim-
ple keystrokes the wser can check such parameters as
V., A Hz, W, VA, Var, kWh, kVA Demand, Min/ Max,
and more. The company says its triue RMS measure-
ment insures accurate readings of distorted waves
forms, and that it offers excellent harmonics han-
diing. It has three optional ourput modules:
RS232/RS485 communications, pulsed output, and
analog providing four (b1 mA isolated ourpos
For More information Circle No. B0O

Preamble Instruments, Beav-
erton, OR, is expanding irs
1800 series of precision dif-
ferential amplifiers with the
Model 1822, a stand-alone
amplifier intended o act a5 a signal-conditioning

preamplifier for oscilloscopes as well as network
and spectrum analyzers, Used with the Model 1822,
an oscilloscope’s 1-mViperdivision sensitivity can
be increased 1o LUV per division. Gain can be set al
1, 10, 100, or 1000, and inputs can be attenuated by
a factor of 10, Full bandwidth is DC-10 MHz. The
Maodel 1822 has a builtin precision offset voltage
generator that can be sct to any voltage between
+ /1556 V,
For More Information Circle No. 833
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) Heteroepitaxial Growth of Monocrystalline Boron Nitride
Thin films of $-SiC would be used as substrates for deposition of cBN.
NASA’s Jet Propulsion Laboratory, Pasadena, California

In a proposed deposition process,
monocrystalline cubic boron nitride
(¢BN) would be grown heteroepitaxial-
ly on silicon carbide films. Success in
the development of the process would
enable the growth of bulk ¢BN (perhaps
also diamond) for making high-temper-
ature, high-power. high-frequency elec-
tronic devices.

Heretofore, the growth of monocrys-
talline boron nitride heteroepitaxial
layers has been impeded by the lack of
a suitable substrate material; to obtain
the monocrystalline form, one must use
a substrate with a crystalline lauice that
closely apprnuimmes that of cBN.
When silicon and other substrate mate-
rials have been tried, the lattice mis-
matches have resulted in amorphous
BN in some cases and polycrystalline
BN in other cases.

The subswate material in the pro-
posed process would be a film of fSiC,
10 to 30 pm thick. The film would be

formed on a substrate of single-crystal
silicon, then removed from the silicon
substrate and mounted in a graphite

TOPVIEW

fi-SiC Film Ring Cap

SIDE VIEW

The Ring Cap on the Holder would help to mini-
mize bowing of the B-5iC film during chemical
vapor deposition of BN,

holder that would minimize howing.
The film, mounted in the holder,
would be placed in an electron-
cyclotron-resonance chemical-vapor-
deposition chamber, where BN would
be grown on the film, The lattice mis-
match between the film would give rise
to a compressive stress in the film, caus-
ing the film to bow slightly. The slight
yielding of the film under the lattice-
mismatch stress would reduce the lat-
tice mismatch enough to allow the BN
to grow in the desired cubic-lauice
monocrysialline form.

This work was done by Virgil B. Shields
and Frederick Pool of Caliech for NASA's
Jet Propulsion Laboratory. For further
information, access the Technical Support
Package (TSP) free on-line at wune
nasatech.com under the Materials catego-
ry, or circle no. 127 on the TSP Order
Card in this issue to veceive a copy by mail
(855 charge).

NP0O-19761

# Monolithic Foam Supports for Iridium Catalysts

Experiments indicate that monolithic catalysts can outperform granular catalysts.

Lyndon B. Johnson Space Center, Houston, Texas

Experiments have demonstrated the
feasibility of catalytic beds in the form
of indium (the active catalytic material)
supported by monolithic foams com-
posed of noncatalytic materials. Here-
wiore, the state-of-the-art commercial
iridium catalyst has consisted of iridium
supported on alummna spheres.

The monolithic foams can be made
of matenials that withstand tempera-
tures of 2,000 °C or more. In compari-
son with catalytic beds made of packed
iridium-coated granules, the develop-
mental foam-supported catalysts offer
greater catalytc surface area with less
weight, present less resistance to the
flow of reactant gases, and do not
degrade over time with regard to per-
formance or flow resistance. In addi-
tion, the foam-supported catalysts can
be made to exhibit lower thermal mass-

NASA Tech Bnefs, July 1997

es and lower thermal conductivities so
that they absorb less heat from reac-
tants. This is an important advantage if
the application is as a catalytic igniter in
a liquid-propellant rocket engine, with
fuel foxidizer reactant combinations
such as hydrogen/oxygen (H,/O;) or
monomethyl hydrazine/nitrogen te-
troxide (MMH/NTO).

Some of the supporting materials
under consideration are special high-
surface-area carbon foams made, in
part, by augmentation of precursor
materials and subsequent processing to
obtain the desired porosity. Iridium is
then formed on the surfaces of the
foam higaments. Other promising foam
materials include silicon carbide, sli-
con mitride, boron carbide, ttanium
boride, and hafnium carbide, although
the experiments performed thus far

www.nasatech.com

indicate that carbon is the most effec-
tive foam material over a wide range of
flow conditions (depending on the
materials being catalyzed). Further
development efforts are expected (o
focus on optmization of fabrication
processes to maximize surface arcas,
levels of catalytic activity, operating tem-
peratures, and life expectancies and to
improve thermomechanical properties
and environmental compatibility.

This work was done by Raffaele La Ferla,
Qin Jang, Robert H. Tuffias, and Richard
B. Kapian of ULTRAMET for Johnson
Space Cemter. For further information,
access the Technical Suphort Package (TSP)
[free on-line at unnonasatech.com under the
Materials calegory, or circle no. 132 on the
TSP Order Card in this issue fa receive a
copy by mail ($5 charge).
MSC-22287
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@ Making InP Solar Cells

From Tertiarybutylphosphine
The risk of exposure to toxic fumes is reduced substantially.

Lewis Research Center, Cleveland, Ohio

Experiments have shown that tertiary-
buglphosphine (TBP) is suitable for
replacing phosphine as a precursor
chemical in the fabrication of indium
phosphide-based solar photovoltaic cells.
Heretofore, doped and undoped films of
InP for solar cells have been grown by
organometallic vapor-phase epitaxy
(OMVFPE), using phosphine (PHs) and
trimethylindium [In(CHjs)s] as precursor
chemicals. Excellent InP films can be
formed from these precursors, but phos
phine must be supplied in excess for the
OMVPE chemical reactions and is
extremely toxic; its threshold limit value
(TLV) is 0.3 parts per million and it is
lethal in concentrations as small as sever-
al parts per million. The potential for a
substantial hazard arising from leakage of
an industrial quantity of phosphine could
well inhibit mass production of InF.
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Wavelength, pm
TBP PH
FF3 82§ 824
Vo (MV) 871 876
dyc (mAe?) 307 *3
p+ Buffer No Yes
Dual Layer ARC  No Yes

Internal Quantum Efficiency was among the
parameters measured in tests of cells made with
TBP and compared with velues from cells made
with PH:. The slight deficit of the TBP cell with
respect to the PH; cell in this example is attrib-
uted to defects that were present in the sub-
strate of the TBP cell prior to epitaxial deposi-
tion of InP from TBP. Presumably, such defects
could be eliminated in future units.

TBP was selected as a candidate to
replace phosphine because it is much
less toxic (TLV 1,100 parts per million).
TBP is supplied as a liquid, the vapor
pressure of which is suitable for intro-
duction into an OMVPE reactor. TBP
costs more than phosphine does, but the
greater cost of TBP would be offset by the
reduction of risk and simplification of

www.nasatech.com

treaunent of effluent from the OMVPE
process. Prior to these experiments,
excellent InP films for microwave semi-
conductors had been grown with TBP at
concentrations smaller than the corre-
sponding concentrations of phosphine,
and at temperatures lower than those
used for phosphine. However, prior to
these experiments, InP films with areas
large enough and minority-carrier life-
times long enough for efficient solar cells
had not been grown from TBP.

In the experiments, doped and un-
doped InP films were deposited from TBP
and In(CHy), precursors injected into a
flow of purified hydrogen, which served as
a carrier gas. The gas pressure in the reac-
tor was typically 150 torr (20 kPa). The
deposition substrate was heated to a tem-
perature of 590 °C. Acceptor (p) doping
was achieved by injection of diethyl zine
into the flow of Hy; donor (n) doping was
achieved similarly, using silane as the pre-
cursor. Some of the films were used to fab-
ricate solar cells, which were then tested.
The tests showed that in most respects,
the cells made with TBP performed com-
parably (see figure) to state-of-the-art cells
made with phosphine,

In the table, the measured solarcell
performance parameters of open circuit
voltage Vo, shortcircuit current density
Jse: and fill factor FF for the TBP cell are
compared to performance data from the
world record PHgproduced InP solar
cell. The only shortfall of the TBP cell is
in Js, which can be improved to compa-
rable levels by minor adjustments to the
device structure. The internal quantum-
efficiency data only show the short<cir-
cuit current deficiency of the TBP cell
compared to the PH, cell,

This work was done by David M. Will,
David J. Brinker, and William E. Frey of
Lewis Rescarch Center, Richard W
Hoffman, Jr., of Analex Corp., and Navid S.
Fatemi, Phillip P. Jenkins, and David A
Scheiman of NYMA, Inc. For further infor-
mation, access the Technical Support
Package (TSP) free on-line at wwuw.
nasatech.com under the Materials category,
or circle no. 129 on the TSP Order Card in
this issue lo receive a cofry by mail (85 charge).

Inquiries concerning rights for the com-
mercial use of this mvention should be
addressed to NASA Leunis Research Center,
Commercial Technology Office. Attn: Tech
Brief Patent Status, Mail Stop 7-3, 21000
Brookpark Rd., Cleveland, OH 44135. Refer
to LEW-16314.
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n S ASA co-polymer loves bad weather. Searing
summer sun. Frosty winter winds. The heavy rain and
flying mud of spring and fall. Luran S ASA is an acrylonitrile-
styrene-acrylate resin offering weathering resistance, color stability,
UV protection and impact resistance after weathering, even at low
temperatures. That makes it superior to UV resistant ABS and other
ASA-type materials. Plus, it takes on salts, most fuels and deter-
gents. All of which make Luran S ASA what your cars, trucks,
RVs, boats and everything under the sun need to look good for many
seasons to come. Call BASF at 1-800-BC-RESIN. In Canada call
417-674-2857. Or visit our web site: www.basf.com/plastics.
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Computer Software

€3 Software for Efficient
amic Management of
emory Space

The Personal Space Management
(PSM) computer program is a library of
subprograms that provide functions to
support efficient, dynamic partitioning
of a contiguous block of random-access
memory to suit an application program
or programs. PSM minimizes processing
averhead incurred in the management
of memory space, minimizes waste of
memory space, and prevents one appli-
cation from using all memory space and
thereby causing other applications to
fail. PSM divides each partition of mem-
ory space into two “pools™ of variable
size; a “small” pool of low-overhead
blocks containing as many as 256 bytes
of user data apiece, and a “large” pool of
high-overhead blocks that contain as
many as 2GB of user data. The “small”
pool provides extremely rapid manage-
ment of the blocks within it, while the
“large” pool manages its blocks some-
what less rapidly but makes a greater
effort to minimize waste of space. PSM
runs under either ViWorks or SunOS
4.1.3 on a variety of computers,

This program was written by Scott
Burleigh of Caltech for NASA’s Jet Propul-
sion Laboratory, For further information,
access the Technical Support Package (TSP)
free on-line at www.nasatech.com under
the Computer Software category, or circle
no.120 on the TSP Order Card in this issue
to receive a copy by mail (§5 charge).

This software is available for commercial
licensing. Please contact Don Hart of the
California Institute of Technology at (818)
393-3425, Refer to NPO-19903,

Software Restores Image

Blurred By Spatially

Variable PSF

The Massively Parallel Richardson-

Lucy (MPRL) computer program imple-
ments the Richardson-Lucy algorithm,
which deconvolves an image from a spa-
tially variant pointspread function (SV-
PSF). MPRL was developed 1o restore
blurred images produced by the Hubble
Space Telescope, but is also applicable
to other optical systems in which images
are sensed by charge-coupled devices or
other arrays of discrete photodetectors.
Because deconvolution is computation-
ally intensive and SV:PSF deconvolution

68

more so, the use of parallel (concur-
rent) processing techniques greatly
accelerates the code throughput. This
entails much more computation than is
needed for deconvolution with a spatial-
ly invariant PSF in the Fourier domain,
making it desirable to accelerate the
computation by use of parallel (concur-
rent) processing. In the Richardson-
Lucy algorithm, concurrency is achieved
by systematic division of the image to be
restored. Only pixel values within the
support of the PSF are interdependent;
thus, an arbitrary division of the image
into segments with appropriate overlap-
ping guard bands enables the indepen-
dent processing of each segment. In
MPRL, such concurrency is realized by
use of a publicdomain library known as
the Parallel Virtual Machine (PVM)
communications package. PVM makes it
possible to implement a Richardson-
Lucy restoration engine and to spawn a
large number of such engines, each
restoring different sections of the
image, on a heterogeneous set of UNIX
workstations. MPRL is also portable 1o
such computers as the Intel Paragon
and the Cray T3D.

This program was writlen by Andrew F
Boden of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, access
the Technical Support Package (TSP) free
on-line at wunwnasatech.com under the
Computer Software category, or circle no.
135 on the TSF Order Card in this issue (o
receive a cofry by mail (85 charge).
NPO-19914

@ Program Generates
Point-Spread Functions

The Simulated Hubble Space Tele-
scope (SHST) computer program gener-
ates pointspread functions (PSFs) o sim-
ulate the blurred images of stars and
other point objects as they would appear
in the Wide Field Planetary Camera I of
the Hubble Space Telescope. The PSFs
capture the imaging effects of diffraction
and of imperfections in the telescope,
camera optics, and camera photodetec-
tors. SHST comprises an application pro-
gram and sets of data, which include the
prescription of the telescope, maps of
imperfections of the telescope mirrors,
and data on filters and other optical com-
ponents. The application program uses
the prescription and other dara o trace a
large grid of rays through the telescope

www.nasatech.com

and camera optics. The rays determine
phases and vignetting for physical-optics
calculations of diffracted images at the
photodetectors. The images are resam-
pled to the specified pixel size. This
process is repeated for each speciral line
to build up a particular PSF. The PSFs
generated by SHST can be used in
image-restoration programs — for exam-
ple, the MPRL program described in the
preceding article. SHST runs on UNIX
workstations like the Sun SPARC and
DEC Alpha computers. The prescription
files in SHST are compatible with the
commercial MACOS optical-analysis
application program, which was devel-
oped in part by NASA's Jet Propulsion
Laboratory,

This frogram was written &y David
Redding of Caltech for NASA’s Jet Pro-
pulsion Laboratory. For further informa-
tion, access the Technical Support Package
(TSP) free online at wuww.nasatech.com
under the Computer Software calegory, or
crcle no. 156 on the TSP Order Card in this
issue Lo receive a copy by mail (85 charge).
NPO-19937

COSMIC, NASA's Software
Technology Transfer Center, has
an inventory of aver 800 software
packages that originally were
developed by NASA and its con-
tractors for the U.S. space pro-
gram. These packages have a
wide range of applications other
than space exploration and are
used by industry, academic insti-
tutions, and other government
agencies.

For further information about
software available from COSMIC,
or to receive a free diskette cata-
log, contact COSMIC at:

COSMIC

The University of Georgia
382 East Broad Street
Athens, GA 30602-4272
Phone: 706-542-3265

Fax: 706-542-4807

e-mail:
service@cosmic.uga.edu
WWw:
http://www.cosmic.uga.edu
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Constructing Finite Elements for the Integrated Force Method
These finite elements help to realize the potential of the integrated force method.

Lewis Research Center, Cleveland, Ohio

A method of constructing finite ele-
ments for use in two- and three-dimen-
sional structural analysis by the integrate
ed force method has been devised. In
the integrated force method, all inde-
pendent forces are treated as unknown
variables that can be calculated on the
basis of simultaneous imposition of
equations of equilibrium and conditions
of compatibility. Developed in recent
years, the integrated force method
offers advantages of grealer accuracy
and computational efficiency, relative 1o
the standard displacement method,

The two-dimensional finite elements
that can be constructed by the present
method are triangular and quadrilateral
elements (see Figure 1) that can be
used in modeling arbitrary configura-
tions. The three-dimensional finite ele-
ments that can be constructed by this
method include tetrahedrons and hexa-
hedrons analogous to the triangular
and quadrilateral rwo-dimensional ele-
ments, plus tetrahedron- and hexahe-
dron-like volumes with curved edges
(see Figure 2).

The mathematical derivation for two
dimensions begins with the construc-
tion of equilibrium and flexibility matri-
ces for the elements from discretized
equations for potential and comple-
mentary energies, respectively. The dis-
placement and stress fields within the
finite elements are independently
approximated. The displacement field
is interpolated in the same way asin the
standard displacement method.

The swess field is approximated by
complete polynomials of the correct
order. The coefficients of these polyno-
mials are initially unknown indepen-
dent forces. The equations that describe
the components of the stress tensor can
be derived from the Airy stress function
for an element, which is written in terms
of a complete polynomial of a certain
order. The resulting stress field ident-
cally satisfies the equations of equi-
librium. The element matrices general-
ed by use of this siress field are not sen-
sitive to the orientation of the local
coordinate system of the element.

The method includes a way of calcu-
lating the number of zero-energy (rigid-
body) modes. It turns out that spurious
zero-energy modes can be eliminated by
constructing the stress field such that
for each element, n, 2 n-1, where #, is
the rank of the equilibrium matrix of
the element and n. is the number of
kinematic degrees of freedom of the
element.

polynomials and substituted into equa-
tions for stress components. Then elim-
ination of linearly dependent coeffi-
L= ients It'i!.\'(.'.‘: Ill(.‘ siress Lt)lll]JUl]C[ll:\
expressed as complete polynomials, the
coefficients of which are defined as gen-
eralized independent forces. The com-
ponents of the stress tensor thus derived
identically satsfy the homogenous
Navier equations of equilibrium. The

Load

Load

224

DISCRETIZATION WITH QUADRILATERAL ELEMENTS

DISCRETIZATION WITH TRIANGULAR ELEMENTS

Figure 1. A Rectangular Plate With a Round Hole in uniform tension is one of many structural-analy-
sis problems that can be solved by the integrated force method, using triangular or quadrilateral
finite elements generated by the method described in the text.

The mathematical derivation for
three dimensions resembles that for two
dimensions in some respects. It begins
with a general formulation to generatwe
a stress-interpolation martrix for each
finite volume eclement terms of com-
plete polynomials of the required order.
The formulation is based on definitions
of components of the stress tensor in
terms of stress functions. The stress
functions are expressed as complete

www.nasatech.com

resulting element matrices are invariant
with respect to coordinate transforma-
tions and are free of spurious rigid-body
maodes.

The formulation provides a rational
way to calculate the exact number of
independent forces necessary to arrive
at a complete-polynomial approxima-
tion of the required order. Unfor-
tunately, interpolation of stress with
complete polynomials can necessitate

NASA Tech Briefs, Julv 1997
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Tetrahedron
Hexahedron

TYPICAL FINITE VOLUME ELEMENTS

CIRCULAR ARCH MODELED WITH HEXAHEDRONLIKE
CYLINDRICAL FINITE VOLUME ELEMENTS

Figure 2. Tetrahedral, Hexahedral, and Similar Elements can be used to model bodies with arbitrary
shapes. For example, a circular arch can be modeled by concatenated hexahadron-like cylindrical vol-
ume elements of axial length d, inner radius r,, and outer radius r,.

the use of a large number of indepen-
dent forces for each element, in some
cases leading to inconveniently large
final systems of equations. Therefore, it
could be worthwhile to attempt to
reduce the number of independent
forces in stress-interpolation polynomi-
als while preserving the accuracy and
reliability of the resulting finite ele-
ments. However, one should proceed
with caution because at present, there is
no rational procedure for uniquely
deriving stress fields with minimum
numbers of independent forces, there is
no proof that the resulting clements are
frec of spurious zero-energy modes, and
in some problems, the elements can fail
unexpectedly.

The present method has been tested
on two- and three-dimensional example
stress-analysis problems for which exact
solutions are available. In the tests, the
problems were solved by (1) the inte-
grated force method using finite ele-
ments generated by the present method
and (2) the standard displacement
finite-element method. In the two-
dimensional tests, it was found that over-
all, the integrated force method using

www.nasatech.com

finite elements generated by the present
method performed better than did the
standard displacement method in pre-
dicting stresses, and that the integrated
force and displacement methods per-
formed comparably in predicting dis-
placements. In the three-dimensional
tests, it was found that typically, the inte-
grated force method using finite volume
clements generated by the present
method performed about as well as or
better than did the standard displace-
ment method in predicting stresses.

This work was done by Dale A. Hopkins of
Lewis Research Center and lgor Kaljevic”
and Surya N. Patnaik of Ohio Aerospace
Institute. For further information, acecess the
Technical Support Package (TSP) free on-
line at wuww.nasatech.com wunder the
Mechanics category, or eircle no. 140 on the
TSP Order Card in this issue to recerve a copy
by mail ($3 charge).

Inquiries concerning nights for the com-
mercial wse of this invention should be
addressed o NASA Lewis Research Cenler,
Commercial Technology Office, Attn: Tech
Brief Patent Status, Mail Stop 7-3. 21000
Brookpark Road, Cleveland, Ohio 44135.
Refer to LEW-16421.
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¢ Machinery/Automation

Yaw is controlled via thrust vectoring.

Dryden Flight Research Center, Edwards, California

The F-15 Advanced Control Tech-
nology for Integrated Vehicles (AC-
TIVE) aircraft recently engaged in its
first supersonic yaw-vectoring flight at
Dryden Flight Research Centern
ACTIVE is ajoint program of NASA, the
U.S. Air Force, McDonnell Douglas
Aerospace, and Pratt & Whitney. The
ACTIVE team will expand the flight
envelope of the aircraft engine nozzles
to mach 2 and 750 KCAS (knots cali-
brated airspeed) with maximum vector
angles, rates, and power settings.
In addition, the team will assess
performance benefits and identi-
fy aerodynamic effects induced
by two vectored supersonic jet
exhausts. Current plans call for
approximately 60 flighis with a
total time of 100 hours.

The F-15 research aircraft used
in the ACTIVE program (see fig-
ure) is a one-of-a-kind system. For
the first yawwvectoring flight,
power to reach supersonic speeds

qas provided by two state-of-the-
art F100-PW-229 engines modi-
fied by installation of a pair of
pitch/yaw balance beam noziles
(P/YBBNs), which are multidi-
rectional thrusi-vectoring nozzles
that were used to vector the
engine thrust horzontally and
vertically during the flight.

For NASA's flight research,
each P/YBBN was mounted on
one of the wo engines. The fan-
duct cases of the engines were
modified to provide the addition-
al strength needed to withstand
the vectoring forces. Installation
of the P/YBENs also necessitated

safe dual redundant actuation system,
making it compatible with single-engine
as well as win-engine aircraft. The PW-
229 engine with a similar pitch/yaw-vec-
toring nozzle has been selected for inte-
gration into a modified F-16D aircraft in
the U.S. Air Foree's Variable-Stability In-
flight Simulator Test Aircraft (VISTA)
program. Moreover, the P/YBBN has
been selected for the concept demon-
strator Joint Strike Fighter competition
aircraft.

F-15 RESEARCH AIRCRAFT

#* First Supersonic Yaw-Vectoring Flight for the ACTIVE Program

Another important feawre is the pro-
duction-oriented FP/YBBN  design,
which will ease transition of vectoring
technology 1o production applications.

This work was done by Gerard Schkolnik,
Tim Conners, John Orme, Bob Sims, Mike
Earls, Kevin Kellnberger, John Cartes, Mark
Stephenson, Ting Tieng, and Karla Shy of
Dryden Flight Research Center, [im
Disbrow, Wes Ryan, and Mike Muratore of
Analytical Services & Materials, Pele
Schaefer of Sparta, and Michael Hufano,

SA phuto iy &m Fess

» Fail-safe design accommodates fight condition:

+ Pin joints (no rofler tracks or sliders) maximize

+ Divargent design enables independant exnaust-area

nozzle remains open in supersonic flight, closes
once flight becomes subsonic.

resistance to wear.

control with optimal scheduling for performance
and acoustics.

ENGINE WITH THRUST-VECTORING NOZZLE

minor modifications of the rear
fuselage and main engine
mounts, The P/YBBNs are sym-
metrical and can direct thrust at an
angle up to 20° with respect to the
engine centerline, The balanced-beam
concept, which has been proven in ser-
vice in F100 convergent/divergent
exhaust nozzles, minimizes
actuation loads and reduces the need
for heavy, reinforced structures.

Each P/YBBN nozle includes a fail-

control

74

Benefits expected to accrue from
thrust vectoring in future aircraft
include extended range, increased
maneuverability, reduced operating
cost, and greater safety. The present
thrust-vectoring concept shonld lead to
significant increases in performance of
both civil and military aircraft flying at
subsonic and supersonic speeds,

www.nasatech.com

The ACTIVE F-15 Aircraft features two state-of-the-art engines modified to incdlude multidirectional thrust-vec-
toring nozzles.

Don Warren, and John Flynn of McDonnell
Douglas Aerospace. For further information,
access the Technical Support Package (TSP)
free onrline at www.nasatech.com under the
Machinery/Automation category, or circle
no. 105 on the TSP Ovder Card in this issue
to receive a copy by mail (85 charge)
DRC-96006
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E Manufacturing/Fabrication

& Au X-Ray Grids on Si by Optical Lithography and Etching
These grids can be used in an x-ray solar telescope.
NASA’s Jet Propulsion Laboratory, Pasadena, California

Fine-pitch, thin gold grids supported
by silicon substrates have been devel-
oped for use in pairs to collimate x rays
in imaging and spectroscopic instru-
ments. These grids are designed 1o pro-
vide collimation at photon energies up
to 30 keV. A representative grid of this
type (see figure) comprises gold x-ray-
absorbing slats 25 pm thick and 17 pm
wide, with a pitch of 34 pm (so that the

slats and the slits between them are of

ecqual width)., The grid also includes
integral stiffeners perpendicular to the
slats, with a pitch of 500 pm. The grid
occupies an area 5.5 cm in diameter on
the silicon substrate, which is a 200-pm-
thick wafer of 3in. (7.62-cm) diameter,

The silicon substrate is semitranspar-
ent at photon energies >10 keV, but
blocks x rays with photon energies as
low as 2 keV. To prevent the substrate
from blocking the passage of low-energy
x rays and to enable optical characteri-
zation of the grid. the silicon

and exposed in the pattern of the holes
to be formed through the subsirate.
Using equipment at UC Los Angeles,
the exposed parts of the substrate are
etched through the entire thickness of
the substrate by use of XeF, gas. which
reacts with silicon to generate gaseous
products that are carried away by a vac-

uum pump. The remaining parts of

both photoresists are then removed by
use of acetone followed by a “piranha”™
bath (5:1 H:S04;H;0s). The Cr/Au
strike in the holes through the substrate
is removed by use of a solution of 3:1
HCL:H.0s, which etches Cr much more
rapidly than it etches Au, Finally, a ring
made of a low-thermal-expansion nick-
el/iron alloy (Invar or equivalent) is
glued to the wafer.

Prototype grids fabricated in this way
have been characterized by use of a visi-
ble-light calibration system to verify the
registration of the grids. The grids were

found to satisfy the registration specifi-
cations to the limit of the calibration sys-
tem. The gold grids have been shown to
be usable for the collimation purpose
for which they were designed and can
be easily tested by laser techniques
while they are mounted in place in sci-
entfic instruments.

This work was done by Reid A. Brenmen,
Dean V. Wiberg, and Michael H. Hecht
of Galtech and Dawnd Fankow of The Space
Sciences Laboratory, UC Berkeley, for
NASA's Jet Propulsion Laboratory. For
further information, access the Techmical
Support Package (TSP) free on-line at
wnvw.nasatech.com under the Manufactur-
ing/Fabrication category, or circle no. 172
on the TSP Ovder Card in this issue to receive
a copy by mail (35 charge).

NPO-19857

substrate is perforated with
holes 1 mm wide by 4 mm long
with rounded ends. These
holes are arranged in staggered
rows with their long axes per-
pendicular to the slits and slats.

Fabrication of the grid
begins with evaporative deposi-
tion of a 50-A-thick layer of Cr
followed by a 300-A-thick layer
of Au on one side of the sub-
strate to form a seed coat
(“strike”) for subsequent elec-
toplating of the 25-pm-thick
layer from which the grid will
be made. A photoresist 25 pm
thick is deposited on the strike,
exposed in the grid-andsstiffen-
er pattern, and developed. An |
oxygen plasma is used to strip
resist residue from the strike,
Then gold is elecrodeposited
onto the exposed parts of the
strike between the remaining
photoresist ridges to a thick-
ness of 25 pm, forming a gold
grid with photoresist between
the slats.

Si Wafer (Substrate)

Stats <—§ _- -

Gold Grid Visible
Through Hole in Si Wafer

Stiffener

The wafer is tumed over and
a 50-pm dry resist is applied

76

www.nasatech.com

A Thin Gold Grid is supported on one face of a silicon wafer that contains holes in staggered rows. The holes allow
lower-energy x rays to pass through the wafer to the grid, and enable optical inspection of the grid.

NASA Tech Bricls, July 1997



Laser cutting and marking
IS easy and economical.
Here’s thhe proof.

No mistake. Every day over 10,000 Synrad CO2 lasers cut, drill Our all-sealed rechnology means no adjustments or alignment

and mark steel, plastics, textiles, wood, ceramic and many other problems—ever.

materials. Applications are practically boundless—the more you Eliminate die cutters, blades, scribers or ink. The small focused laser

learn about our lasers, the more uses you will find for them. beam produces sharp, clean edges and, as the process is non-contact,
Simple to use with the reliability demanded by the toughest intricate patterns can be cut in thin, delicate materials with no drag—

industrial applications. No gas bottles to replace, tools to resharpen even at high speeds. 007 lasers can offer increased precision, higher

or nozzles to clean—our lasers offer maintenance-free operation 24 processing speeds and less waste.

hours a day for aver four years. That's why Synrad lasers cost less Never used a laser before! Neither had most of our customers befare

to buy and run than other rechnologies. talking to us. To leam how sealed CO) lasers can help improve your
Integrating our lasers into your existing application is easy. We process quality and reduce your manufacturing time and costs, call

design our C0O)) lasers to be components—think of them as light 1.800.SYNRADI today,

bulbs—rto mate with XY tables;, gantry systems, or robot arms. No

major redlesigns are necessary to obtain the benefits of laser processing. www.synrad.com

Send us your samples for a
FREE Process Evaluation

Can you benefit from laser technology? Find out by sending us samples

(remember to include a description of your curment process and, if possible,
an example of a *finished® product). Within 3-5 days you'll receive a Synrad
SamplePak™ containing your samples (suitably marked, drilled or cut by our

Sample Applications Facility), a written Materials Evaluation and more information on
implementing laser technology.
¢ Terve! Vo A igite it Tetry! o7 Baepadte g rwaewes f Srves v
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E Collimating Cylindrical

Microlens Assembly for
Diode-Laser Arrays

Lasers are used to define lens axes via

photo]ithography.
Goddard Space Flight Center, Greenbelt, Maryland

A method of fabrication of cylindrical microlenses in precise
alignment with two-dimensional arrays of diode lasers has been
invented. The method is applicable to arrays in which the light-
emitting facets of the individual lasers are typically about 10 pm
wide and 1 pm high. These are eiched in a semiconductor chip,
which 15 cut into 1l-cm wide (hi])h’., or bars, for mounting in two-
dimensional stacks, as shown in Figure 1. The interbar spacing
is typically 400 pm, which is the minimum spacing in which the
heat can be removed effectively from each chip. These packages
are assemnbled and soldered manually, thus the interbar spacing
can vary by £ 40 pm. The light emitted from these facets is high-
ly divergent in the crosssectional plane pc?rpendicular to the
rows, due to diffractive effects of the I-pm aperture. Precisely
aligned eylindrical lenses are needed to collimate each 1-cm row
of beams for efficient coupling to external devices; for example,
coupling pump light into solidstate laser crystals. The assembly
of cylindrical lenses for a two-dimensional stack of arrays is very
difficult, as each lens placement requires micron accuracy.

The essence of the method is to use the pattern of light emit-
ted by a diode-laser array as the master pattern to define a pat-
tern of cylindrical lens placement on a rack that can later be reg-
istered mechanically with the array. First, a sheet or plate of pho-
tolithographic film is placed on a translational stage, paralle] to

N
Rows !
[

'\\ \\

Fop e & =55 mm Spacin,
Light-Emitting Spots N Bemeenpearsg
STACK OF DIODE LASERS WITH
TWO-DIMENSIONAL ARRAY OF LIGHT-EMITTING SPOTS
High Resclution £ ¥
Pho.ographm Plate \\

Translation
Stane

USING THE ARRAY TO EXPOSE A PHOTOGRAPHIC PLATE

Figure 1. An Array of Diode Lasers is used to expose a translating photo-
graphic plate, forming streak images coincident with its rows.

NASA Tech Briefs, July 1997



the face of the array. The plate is placed in coniact with the
diode array. (This does not damage the semiconductor materi-
al, as each chip s mounted on individual heatsink shims,
recessed by around 40 pm from the front of the armay package.)
The array is turned on to expose the plate, making a 1:1 image
of the individual rows of diode lasers, The photographic film is
then gently pulled away from the array and translated a few mil-
limeters to the left or right and reset in contact with the array
where another laser pulse is exposed on the film. When per-
formed correctly and with the correct intensity, a 12- 10 14-mm
wide image is formed from which a chromc-onglass photomask
can be made for photolithography. Of course, all the handling
of the film and the exposing process must be performed in dark-
ness. To reduce the difficulty of making exposures, a laser “cam-
era” has been constructed that allows the complete alignment
and setting up of the laser array and film to be done in low light.
All that is left for the darkness is the removal of the exposure
plate and the adjustment of the laser array o contact the film.

The photomask is used for the standard photolithographic
process where a silicon waler is etched with troughs, correspond-
ing with the exact arrangement of the particular diode array. The
trough aspect ratio and wall slope angle are determined by (1)
the photoresist ultraviolet exposure and etching times and (2)
the orientation of the silicon crystal lattice in the wafer, respec-
tively. A central section of the etched image, corresponding to the
emitting lace dimensions of the diode-array package, is cut from
the silicon wafer. What remains is a rectangular hole with etwched
woughs, a few millimeters wide, on opposing sides of the hole, It
is in these troughs that the ends of tiny cylindrical lenses will be
precision glued into place, such that the lenses will span the hole
and be identically spaced with each other as the individual bars in
the laser-diode array, The cylindrical lenses are silica rods, 100 1o
300 pm in thickness, and are drawn into shape like fiber optics.
Through this process, an ashperical shape can be produced on
the front and the back of the lens, thus creating an excellent sin-
gleelement optic (sec Figure 2),

This work was done by D. Barry Coyle of Goddard Space Flight
Center. For further information, access the Technical Support Package
(TSP) free online at wunw.nasatech.com under the Manujacturing/
Falbrication category, or circle no. 122 on the TSP Order Card in this issue
to recerve a cofy by maal (85 change).

This invention &s oumed by NASA, and a palent application has been
filed. Inquenies concermang nonexclusive or exclusrve license for its com-
mecial development should be addressed to the Patieni Counsel, Goddard
Space Flight Center; (301) 286-7351. Refer ta GSC-13635.
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Figure 2 A Fully Assembled Lens Rack and a Diode Array are shown here.
Strips or a layer of insulating material (e.g. tape), or high-temperature
epoxy can be applied to the remaining flat face of the plate to set the lens-
to-laser distance accurately for collimation.
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:-‘) Life Sciences

Microwave Treatment of Cardiac Arrhythmias

A catheter contains a coaxial cable that delivers microwave energy via a small antenna.

Lyndon B. Johnson Sprzre Center, Houston, Texas

An experimental method of treating
tachycardia involves the microwave-
induced ablation of a 10-mm layer of
arrhythmogenic muscle tssue at the
affected inner surface of the heart, In
this method, the affected tissue is heat-
ed by microwave energy applied via a
catheter. A thin coaxial cable in the
catheter delivers the microwave energy
to the tip of the catheter. A small
antenna at the tip is designed for opti-
mal coupling of the microwave energy
from the coaxial cable into the tissue.
The absorption of microwave energy
in the tssue causes heating, which, in
turn, produces the desired lesion.

The microwave frequency must be
chosen so that the microwave energy is
absorbed predominantly in a surface
layer of the desired thickness: if the fre-
quency is oo low, the microwaves propa-
gate too far through the ussue, produc-
ing heating that is too diffuse; if the fre-
quency is too high, the energy is dissipat-
ed in too thin a laver near the surface.
The optimum frequency is expected to
lie in the range of 4 to 6 GHz, the exact
value depending on the electrical con-
ductivities and permittivities of blood and
heart muscle (see Figure 1).

In comparison with other methods
that involve directcurrent pulses or
radio frequencies below | GHz, this
method may prove more effective in
treating ventricular tachycardia. This

is because the present method pro-
vides for greater control of the loca-
tion, cross-sectional area, and depth of
a lesion via selection of the location

and design of the antenna and the
choice of microwave power and fre-
quency. An apparatus has been con-
structed to test the concept in experi-

35
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Figure 1. Heating Effects of Microwaves in heart tissue were mathematically modeled, using assumed
values of the permittivities and electrical conductivities of heart muscle and blood.
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ments on microwave heating of simu-
lated heart tissue (see Figure 2).

This work was done ﬁ;_\ .. D. Arndi rJ_)"
Johnson Space Center; /. R Carl. G. W
Raffowl, and V. G. Karasack of Lockheed
Engineering and Sciences Co.; and T.
Pacifico and C. E Piper of Baylor College of
Medicine. For further imformation, access
the Technical Support Package (TSP) free
on-line at wuww nasatech.com the
Life Sciences category, ar cirele no. 176 on
the TSP Ovrder Card in this issue lo receive

ender

a copy by mail (35 change).

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, fohnson
Space Center; (713) 483-4871. Refer to
MSC-22483.
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Figure 2. Temperature Ramping is shown here as a function of 4.10-W microwave exposure for

various depths.

& Automated Microspectrofluorimeter and
Cell-Culture Apparatus

Outstanding attributes include compactness, frequency agility, and computer control.

John E Kennedy Space Center, Florida

A developmental compact instrument
for experimentation on live cells includes
a cell-culture-and-imaging module plus a
frequency-agile microspectrofluorimeter
for examining the cells. The cell-culture-
andimaging module not only maintains
cell cultures but also provides for the nec-
essary transfers of substances to change
nutrient media and to stimulate, fix, and
label cultured cells. The microspectroflu-
orimeter provides tunable, multiple-
wavelength visible light to illuminate the
specimens; acquires quanttative, spec
rally-resolved images of single cells; digi-
tally processes the images; and stores the
resulting data.

The instrument is designed to operate

For More Information: Phone: (617) 864-0201, E-mail: info@aoainc.com, Intemet: www.aoainc.com

82

under computer control; it can be pro-
grammed to perform a variety of func
tions and left to operate unattended after
initial loading with cells, culture media,
stimulatory chemicals, inhibitory chemi-
cals, and /or other materials. Originally
intended for use aboard a spacecraft. the
instrument also offers advantages for ter-
restrial laboratory and field experimenta-
tion clinical investigations; i
automation, programmability, and fre-
quency agility could prove beneficial in
such applications as cytometry and patho-

and s

logical examinations of biopsy specimens,

Of all the innovations incorporated
into the design of the instrument. the
one that contributes most to miniaturiza-

andard

For More Information Circle No. 427

tion and that makes frequency agility pos-
sible is the use of one acousto-optical tun-
able filter (AOTF) instead of a conven-
tonal scanning monochromatos

stepped-filterwheel monochromator 1o

L8]]

obtain the required frequency (wave-
length) selectivity and tunability. A wpical
conventional scanning monochromator
has dimensions of about 15 by 15 by 10
mn. (38 by 38 by 25 cm), is delicate,
includes stepping motors and other moy-
ing parts, has low optical throughput, and
is constrained to scan sequentally, with
attendant slow switching between wave-
lengths. A stepped-filterwheel monochro-
mator is limited to the few fixed wave-
lengths of the filters in the wheel.

& Hamilton Standard

Agdactive Optice Asassisien ing
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In contrast, AOTFs are rugged, mono-
lithic solidstate units that contain no
moving parts; are electronically nmable Reagent
with rapid, random-access switching to
any wavelength in range; offer high optical
throughput; and are very small [typically,
1in." (16cm’) ). Unlike monochromators,
AOTFs are capable of spectrally resolved
imaging. The presentinstrument exploits
this capability to achieve microscopic
imaging. Thus, the instrument can be
used, for example, 1o measure fluores
cence in single live cells, rather than
being limited to measurements in bulk
cell suspensions.

The figure shows the major parts of the
instrument. The cellculture-and-imaging
module includes a sample carousel that
contains 40 0.2-mlL culture chambers.
The contents of each chamber can be
observed via a coverslip on the bottom of
the carousel, and access 10 each chamber
can be gained via two septa at the top.
Fluids can be pumped from any of 6 reser-
voirs into any of the 40 culture chambers.
A subsystem that maintains optimum celk-
culture conditions is incdluded in the module.

The microspectrofluorimeter is config-
ured as an AOTF-based fluorescence Subassemblies Motor
microscope. The source of light is a
xenon arc lamp. Images are detected by

an intensified charge-coupled-device  ajf of the Instrumentation needed to culture cells and examine them microspectrofluorometrically is
(CCD) camera. Also included in the  contained in one compact package.

Heater-and-Fan

instrument are (1) a module that contains
powersupply circuits plus other electron-
ic arcuits for operating the cellculture-
=TT T 2 and-imaging module and (2) a control
The Fast. Easy Way to —tews = module that contains the equivalent of a
Schedule Your Pr jects! : ' 6l penotl SCUIPIISS, Wik iage
J processing and communication circuil
1 g ' il boards. Software in the control module
controls all functions necessary for com-
plete automadon of cell-culture and
image-data-acquisition functions,

This work was done by Salvador M.
Fernandez, Emest E Guignon, Ralph Levy,
Sean Cobane, and Robert Kersten of Ciencia,
Inc, for Kennedy Space Center. For further
information, access the Technical Supiport
Package (TSP) free online at wunnasatech.
com under the Life Sciences category, or circle
no. 157 on the TSP Order Card in this issue to
recerve a cofry by mail (85 charge).

In accordance with Public Law 96517, the
contractor has elected (o vetain title to this
invention. Inquines concerning rights for ifs
commercial use showld be addressed to:

Sakvader M. Fernandez, President

Ciencia, Inc.

111 Roberts Street, Suite C

East Hartford, CT 06108

Refer to KSC-11835, volume and number of
this NASA Tech Briefs istue, and the page
number
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® High conductivity
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Tricor Systems, Elgin, [L, offers the

Model 805A PC-hased surface analy- |

sis system, which measures and ana
Iyzes the gloss levels of surfaces

regardless of shape, wexture, or colox |

It also measures distinctness of image
and haze index, and charcterizes
texture. The high-resolution video
imaging system quantifics surfaces of
plastics, compasites, cerarnics, vimyls,
and coated and painted surfaces
using up to 240,000 data points
across the measured arca
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The TS Series of linear stages from
thpurl (k-lp.. Irvine, CA, arc avail-
able in travel mnges from 50mm to
300mm with bidirectional repeata-
bility and minimum incremental
motion of 0.5pm. They are machined

from 7075 aluminum and feature a
DC servo motor, acceleraton range
from 0.001 o 0.20g, and a velocity
range from 0.05 o 75mm/sec. 'nu.'
stages are supported by crossed-roller
bearings and feature an integral lin-
ear optical encoder,
For More information Circle No. 743

Methode Electronics, Connector
Products, Chicago, IL, offers a 50
position
receptacle for CompaciFlash form.

factor removable memory devices in ‘

handheld computers, digital cameras,
FDAs, and other portable devices
Features include flexible contact =il
tool forming and a contact design
that withstands repeated card inser-
tons in excess of 10,000 cycles. All
materials are compatible with high.
temperature soldering processes,
For More Information Circle No. 742

CompactFlash PC  card ‘

The PRIMUS modular chassis from
Enier USA, Simi Valley, CA, is inte-
grated with enclosure, backplane,
power supply, thermal management,
cabling, and shielding. The 19° chas-
sis mecis EMI/RFI specifications
and MIL-STD-BLOE
for shock
options provide ventilation while

mammming shil:l(ling and stability,

Assembly featres include retro-

fittable components and a push-it

connection system

For More Information Circle No. 740

rd‘qlllr("[ﬂ(‘ll!.‘l

resistance,

Cooling

Wenco Electronics, Roseburg, OR,
has introduced the Celtronic battery
recharger, which re-energizes nickel-
cadmium, nickel metal hydnde, and
lithium ion rechargeable batieries,
Single-, double-, and quad-station

The ADAM 3000 series signal condi
tioning modules from American

Advantech, Sunnyvale, CA,
processed  signals

protect
from harmful
effecs of ground loop, motor noise
and clectrical interference. They pro-
vide threeway 1000VDC isolation, an
internally isolated single +24VDC
power ﬁll[a!ll\'. and DIN.ail mount-
ing, The modules have a maximum
£177pV/'C temperature drift with
up w0 1 KHz bandwidth using 0.6W
For Mors Information Circle No. 747

models are available that can service
80, 160, 3200 barteries per
month, respectively.  Features
include Smart Port cable hook-up
jacks and universal batery connec-
tion cahles.

For More Information Circle No. 745

and

Daq Instruments, Akron, OH,
offers the Madel DI-4D0 Series 16-
channel, singleended/8 differential
data acquisition cards, which feature
a 12-bit analogaodigital converier,
dual 12bit digitaldoanalog convert-
er, and eight digital inputs and ow-
puts without direct memory access.
Analog inputs may be expanded o
256 channels. The ISA p]uj.;-in card

contains an on-board 32-million-
instruction-persecond digital signal
Processor.

For Mors information Circle No. 746
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New on the Market

Ihe Model 2410 and 2420
SourceMeter voltage and current test
instruments from Reithley Instru-
ments, Cleveland, OH, combine volt-
age and current sources with a high-
resolution  digital multimeter
measurement firmware. The 2410
generates source voltages from £5pV
to £1 100V and measures volage fom
21pV 1o 21100V, The 2420 generates

and measures current from = 100pA 1o
£3A. Memory buffer allows storing up
o KOO 5.1 /2.digit readings.

For More Information Circle No. 738

and |

source current from +500pA 10 £34 |

Spira Mig. Corp., North Hollywood,
CA, has invoduced the Flexi-Shield
EMI gasket, which is made by wrap-
ping a conductive spiral around a soft
sificone wibe or cord. The design
flexes to Bl uneven joint sur faces
and features a low coefficient of fric-
don. Standard materiald are stainless
steel and beryilium copper.
For More Information Circle No. 748

The LVBO0D Series lowvoltage, high-
current switch mode power supplies
from HC Power, Irvine, CA, feamre
output voltages of 1.25, 2, 3.3, 4.5, b,
12, and 18 VDC. The 3000W power
supplies are nominally rated for 5
volts at 500 amps, with an optional
3.8 volts at up to 300 amps. The unin
provide standard AC input of 180 o
264VAC, single-phase 47-65Hz.
For More information Circle No. 734

Setra Systems, Boxborough, MA, has

introduced the BL and EL precision

balances, which incorporate variable

capacitance  technology and a

Moment Insensitive Cell.
| Features include an LED display, bi-
directional RS-232 data communica-
tons, die-cast aluminum housing,
stalnless steel weighing pan, and lev
eling controls. Capacities range from
200 to 4104 grams.

Load

Interpoint, a subsidiary of Crane Co.,
Redmond, WA, has introduced the
SMHF and SMSA radiation-hardened
DC/DC converters and the SPMC
EM1 filter, all of which function over

a temperature mnge of -55°C 1o
+125°C. The SMHF converter deliv-
ers up to 15 wans of output power
with single outpus 0of 3.3, 5, 12, or 15
VDO,
watts of output power in single- or
dual-output configurations of 5, 12,
or 15 VDC. The SFMC filter is com-
patible with both converters,
For Mors Information Cirde No. 739

the SMSA provides up w 5

For More information Circle No. 737

The DamaGraph VR series video
graphic paperless recorders from
Totl Temperature [nstrumentation,
Williston, VT, measure, compute, dis- |
play, record, and review up to 12 ana-
log and computation channels. Color
and monochrome versions feature 5°

active matrix LCD display, 16-bit res
olution, math functions, data anabsis
while recording, and software that
enables data export to a PC.

| For More Information Circle Mo. 736
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e Loa Cells

EGC is the name to know
for reliable, cost-eftective fluid
sealing products. Our line
includes Thermafoil*/Grafoil®

into a box that's
all free prizes and no cereal.

Dig

pre-formed rings, die-cut gaskets,
Thermabraid® braided packing,
‘Tri-Clad™ custom seals, and more.
And right now you can get a free
Engineering Design Kit full of
\ EGC product samples. You'll
\ also get a copy of our new
interactive Gitalog on CD.

To request your
Engineering Design
i Kit, call EGC woday
g at 800.EGC.0211.

Or visit our web site at
wwwegc-ent.com. We'll ger
your kit to you right away. Best
of all, the neat sff won't be
burted at the bottom of the box.

L EGC
7315 Industrial Parkway = Mentor, OH 44060

BIWT FGX Frterprises. Inc 600, EGC.0211 = www.ago-snLoom

Force/ Torque
Sensors

Catalog Includes:
Gram Sensors Thru Hole Load Cells
Tension Load Cells Low Profile Load Cells
Mini Load Cells Load Pins
Torque/Sensors Transducer Indicators
Special OEM Sensors
Transducer Techniques

(909) 676-3965 FAX (909) 676-1200
e-mail: ti@nlocadcelis.com
URL: http://www.ttlcadcells.com

43178 BUSINESS PARK DRIVE. B-101 » TEMECULA, CA 82530

For More Information Circle No. 422



Rotating Electrical
Connectors
il

« Durable, compact, low cost, no maintenance. Ideal for
mmpuminswumaﬁmmarmmmples_.m
gauges, packaging, heating and control equipment.

Mercotac..

6195 Corte del Cedro 2100
Carlsbad, California 92009

760 431 7723 = Fax 760 431 0905
Internet: www.mercatac.com
e-mail; info@mercotac.com

EMI/RFI
SHIELDING
PRODUCTS

SUPERIOR PERFORMANCE SHIELDING GASKETS
HUNDREDS OF SHAPES AND SIZES
ELECTRONIC GRADE PLATING FINISHES
MANY BASE METAL ALLOY VARIATIONS
CUSTOM ENGINEERED MODIFICATIONS TO SUIT

Wab: hitp:\iwww.omegashielding com
Contact us for free calalog

88 For More Information Circle No. 424

Take
the Edge

Off!

mdr\ how
technologies -

Device Technologes, Marlhorough,
MA, has released a new brochure
describing  UL94VA0  Spring-Fas1®
composite grommet edging, which
protects wires and cables from abra
sion. Applications include acrospace,
fiber-optic telecommunications, comme
puters, and medical cquipment.
For More Information Circle No. 700

A product selection guide from ENM,
Chicago, IL, describes counting instra-
menfs Siu !J as !'J!‘I rf‘il 'vll. ('I['I’ Tromac,
and mechanical counters; hour
meters; and LCD tmers. Panelmount,
miniawre, self-powered, and dualpur-
pose counters also are featured

For More Information Circle No. 703

A et Lty Cvmeion For ey et

ipiace
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The Federal Laboratory Consortivm

for Technology Transfer, Sequim,
WA, offers a 20-page brochure
describing more than 50 successful
technology transfer spinoffs from
federal R&D programs. Spun-off
commercial products and processes
in sports and recreagon, health and
medicine, safety, computers, elec-
tronics, manufactunng, and the envi-
romument are featured
For More information Circle No. 704

A six-page brochure from LNP
Engineering Plastics, Exton, PA
describes Lubriloy® D wear-resistant
alloy compaosite. The lubricated poly
carbonate compound features shrink
rates and flow similar to standard
flow, neat polycarbonates.
For Mors information Circle No. 705

A Digital Desigm and Debug catalog
from Hewlett-Packard, Palo Alio, CA,
features prototype debugging tools
such as logic analyzers, emulators,
processor probes, mixcd-signal oscillo-
scopes, and PCl-bus verification wools
e 24page catalog for sofiware and
hardware engineers, firmware design-
ers, and sysicms inicgrators also
desenbes custom debugging sohitions.
For More Information Circle No. 707

Ergotron, 5t. Paul, MN, offers a
brochure describing ergonomic com-
puter component mounting acces-

sories, including adjustable wall, ceil-

ing, and floor mounts for computers;

suspension components; keyboard

holders; siorage drawers; and com-

puter work centers. Touchscreens,

laptop computers, and full-size moni-
tors can be mounted for use in sitting
or standing positions.

For More Information Circle No. 708
A 2B-page catalog from Techno-
Sommer Automatic, New Hyde Park,
NY, describes PowerStop industrial
shock absorbers for applications
Such as parts movemeni on rotary

tables or conveyor bels, load lower-

ing, and pneumnatic delivery SyRlems
Fifteen models are available in 18
sizes with various stroke lengths.

For More Information Circle No. 701

Alfa Aesar, 2 Johnson Mauhey Co.,
Ward Hill, MA, has released an 1,800
page 199798 catlog of more than
L2000 rescarch chemicals, metals,

and materials. Included are inorgan-
ics, organics, pure elements, precious
metal compounds, catalysts, rare earth
compounds, pure metals, and alloys.
For More Information Circle No. 702
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New on Disk

Product of the Month

SafiSource, Bellingham, WA, has introduced
Vdraft” AuwCAD-drawing-based CAD software for
Windows 95/NT, the first program produced out-
sicle of Autdesk that can create and edit AuweCAD
drawings and DXF hles in their native format with
no transiation. Hundreds of drawings can be viewed
and edited simultanecusly, each in their own win-
dow, Commercial plug-in versions of the Verafi Internet Tools are mcluded for
DXF, DWE, and SVF, and are compatible with Netscupe Navigalor and

13, and supports direct e-mail of drawings. The cost is §495.
For More Information Circle No, 711

Version 40 of Visual Designer™ data
acquisition and control software
from Intelligent Instrumentation,
Tucson, AZ, is an application genera-
tor for PCbased data acquisition
The 32-bit program can be wsed 1o
develop Win#2 applications for use
in Windows 95 and NT environ-
ments. Enhascements include sup-
port for object linking and OLE
automation, and support for GPIB

Wrap™ 1.0 modeling software from
Raindrop Geomagic, Ghampaign, 1L,
provides automatic surface récom.
struction and grid generation from
arbitrary point cloud daw. It can
automatically wrap a surface around

an arbltrary point cloud and concur:
rently construct surface and yolume
meshes, and features a variety of our
pur formuits,

For Mors Information Clrele No. 715

Microsoft Explorer. It writes and reads AutoCAD drawings from Release 250 |

|

instruments and RS-232/422/485
setial devices.
For More Information Clrde No. 710

VARIMETRIX North America, Irvine,
CA, has relcased VARIMETRIX para-
metric solid and surface modeling
software, a suite of CAD/CAM/CAE
tools with 1GES, DXF, and STL daw

transkavors, The software allows simul

mneous modeling using solids, sur
faces, and wireframe, as well as unlim-
ited undo/redo and machine tool
simulation,

For More Information Circle No. 714

Advanced Visual Systems, Waltham,

MA, offers Version 3.1 of AVS/
Express 3D data visualization and
imaging software that enables visual-
ization of complex data, image pro-
cessing, graphics display, Web inter-
action via VEML outpui capability,
databise connectivity,
interface construction. An object-
onented visual programming inter-
face connecs the components (o
generate 3D visualizatons and 2D
plots and graphs. It operates on
Windows 95/NT, UNIX, and the
Interner.

For More information Cirde No. 712

and user

Numerical Comtrol Computer Sci-
ences, Irvine, CA, has introduced

NCL Version 8.4 CAM software for
multiaxis machining that generates
simultancous two- through fiveaxis
NC ool paths and pravides paramet-
ric 3D modeling, Geometric model
| ng and teolpath hinctions are fully
| associative; a change to the model
2D/RS electromagnetic and thermal | results i an immediate clange o
CAE software for Windows 95 and | corresponding wol paths

NT is available from I[ntegrated For More information Clrcle No. 718

Engineering Software, Winnipeg, |
Manitoba, Canada. The software con- | PCB Viewpoint for Windows™ 3D
sists of ELECTRO elecorostatic field | PCB viewing software from Routes
solver; MACNETO magnetostatic Solutions, Newport Beach, CA, is an
field solver; OERSTED time-harmon- | addon module 1o the CAMCAD"
ic field solver; and KELVIN, a heat | PCB view, print, compose, and con
transfer analysis solver. The program | vert program. The module enables
s based on the Boundary Element 3D viewing of PCB designs and
Method (BEM) of advanced numeri-
cal algorithms, and features an en-
hanced file manager.
For More information Clrcle No. 713

such as PADS, Cadence, Mentor,
GenCAD and Oracle.
For More information Circle No. 717

import PCB design system translators |
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TRIM:-LOK ° nc

if you have an edge...we have a trim!

| R

' For over 25 years, - .

the leader in

" flexible plastic
and rubber
extrusions!

M wets IW ¢
| Wyou NQ -

call for

FREE somples

714-562-0500 fax 714-562-0600
‘ 6855 Hermosa Circle Buena Park, Co 90622-6180

For More information Circle No. 425

tial... )

ect Contacts

provide a lifetime of reliable interconnection. Diameters
ranging from 0.037* OD to 0.125° OD. An alternative to
costly, tight toleranced assembly components.
Flexible Interconnect Contacts:

« Can be used individually or as dynamic pairs.

» Unique tips allow pairs to self align as they connect.

* Compensate for misalignments due to

tolerance build up,

* Low DC resistance.

* Minimum insertion loss.

» Lifetime spring and force repeatability.

SERVOMETER"
501 Little Falls Road

Tel: (973) 785-4630
\ Cedar Grove, Nd 07008 T8 (019) S

For More Information Circle No. 426

Call for free
brachure

Fax (USA): (800) 785-0756
Fax: (973) 785-0756

89



CU Il STACK

©

Take a bite out of resolver costs with our tough,

submersible, industrial-strength, JR optical

encoders. They survive harsh envi-

s

ronments for about a tenth of what
NSB Series

you pay for resolvers. And with

less displacement. Which helps

»

NME Series
your design and your build cost.

CUl/Stack supplies standard or cus-

%

SESeries | tom components. You won't need an

exceptional order to get exceptional

>

quick quote. Or fax your specs to [503] 643-6129.

The Technology Connection
To Advertise Call (800) 944-NASA

"How To Offer Your
Invention For Sale.”
We have helped hundreds of inventors
and showed them how fo offer their
nwmhmsforsdebhmmﬁsuﬂw
the world. No cost. Free

Call 1-800-537-1133. Kessior Solos
Corp., C-47-7, Fremont, Ohio 43420.

NEC S:‘“_ service, Call [800] 275-4899 for a On, top Of it:‘

For More Information Circle No. 430
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Name

Tap Into A Billion Dollar
Business Resource

The federal government will award more than $1 billion in R&D grants
to small (up to 500 employees) high-tech firms this year.
How can you apply? What does it take to win? Find out this fall at:

The National Small Business
Innovation Research (SBIR) Conference
Oct. 14-16, Washington, DC

For registration info, complete the form below, call (360) 683-5742,
or visit the SBIR Home Page: www.zyn.com/sbir

Don’t miss the next round of solicitations. ..
plan now to attend this important, information-packed meeting.

Sponsored by the National Science Foundation, the Department of Defense,
& the Small Business Administration, in cooperation with all SBIR federal agencies and departments
A SRS ST RS RS S EE RS S B e S i S S S S b S R
Yes! Rush me information on attending the Fall 1997 National SBIR Conferences.

w Oct. 27-29, Phoenix, AZ

Mail to:

Company

SBIR Conference Center

Address

PO Box 2890

City/State/Zip

Sequim., WA 98382

\P‘hone HNo.

Fax No.

Or fax to: (360) 685-53591
wranr/




Marketplace roadvertise — call (212) 490-3999

RUGGED, HIGH PERFORMANCE
SYSTEM WITH COLOR VGA
DISPLAY & ATTACHED KEYBOARD

§1.3500P STANDARD
FEATURES INCLUDE
» 14 507 PASSIVE
BACK PLANE,
| sAESAR
« 300 WATT 110/220V
A 5040047
POWER SUPPLY
» B04660X2,/DX4 OR PENTIUM 75-200MHZ (PU CARD
» 10.4° TFT COLOR DISPLAY, 640X4B0XA4K (DOVS
« SHOOK ISOUATED DRIVE CAGE T MOUNT ONE 3.5°
AND TWO 5,25" HALF HEIGHT DRIVES
= KEYBOARD AND TRACK BALL MOUSE
@ SERAL AND PARALLEL PORTS, MS DOS/WINDOWS
OPTIONS: TOUCH SCREEN, CLISTOM CONRIGURATIONS
FOR FURTHER DETAILS CONTACT:
IB1 SYSTEMS INC, 6842 NW 20 AVE,
FT, LAUDERDALE, FL 33309
305-978-9225 FAX: 305.978-9226

For More Information Circle No. 580

SoftwareWedge
Automatically inputs any serial data
directly into any PC lppm:aﬂmr

Emnwﬂl

Jﬂdullrnu & Lab
Instrumants
Gages .
Balinces
PLCs . ate. -
Any Serial
Device!

« Real-Time Serial Data into Any Application - Excel,
VB, Quattro, Lotus, Access, Stat. software, stc.

« Full date acquisition and instrument control,

+ Risk free 30 day. money-back guarantee.

Now Windows, DOS, NTE  Far Fres Literwiwra, Call
Windows 35 applications  B00-722-6004

Instrumen TAL Saftware™

TAL ‘I“l-'(‘llhﬂllll TES, TN

2007 Wallace SL, Phil iu&lp*lm PA lrl,l.n
Tek 215/ T63.7900 Fax 715/ T63-97
E-muail: tall@paltech com

Home pager hitpe s taltech.com

For More Information Circle No. 583

NURBS

Geometry S

ftware

Niib 3.0 is a library of ANSI C functions for
creating and processing NURBS curves and
surfaces. The functions are easy to call and no
knowledge of NURBS mathematics is re-
guired. Nlib 3.0 is the ideal kemel upon which
to build geometry-based applications. Source
code, multi-users, no royalties. Maintenance,
consulting and training
htip//www.gowernct/ geomware

GeomWare, Inc. PHFAX 903 839 5042
For More Irrformtion Cirtle Nu 5!5

“Optics
or
Industry”

Free 130 page product catalog from Rolyn,
worid's largest supplier of “Off-the-Shelf” optics.
24-hour ctahvary of simple or compound lenses,
fiiters, prisms, mirrors, beamsplifters, reticles,
objectives, eyepieces plus thousands of other
stock items. Rolyn also supplies custom prod-
ucts and coatings In prolotype or production
guantities. ROLYN OFTICS Co., 706 Arrowgrand
Circla, Covina, CA 91722-2199, (g26)015-5707
FAX(626)915-1379

For More Information Circle No. 581

/G, and bu&-mnlcrlngl DMA 1o sys-
tem memory; all with no degradation
ol host CPU performance.

(Look next for Reason #3: “64 analog
Input channels.™)

Unmed Becironic Indusiries

Free Catalog
(800) 829-4632
Internet
www,ueidag.com

For More Information Circle No, 584

The ADRMF70, a right-angle TRB
male to female adapter featuring
a concentric design, has been added
to Trompeter’s extensive line of
Twinax/triax products. The ADRMFT0,
made to exacting standards of quality,
is suited to support 1553 Data Bus
applications where cable managament,
strength and security are priorities.
150 5001 Quality doesn 't cost it pavx!

ceivi| AATROMPETER

(BOO) 882-COAX » (B18) 7O7-2020 = Fax (818) 706-1040

Send Literature Circle No. 586
Please Call Circle No. 587

and Measurement

Just because your budget is limited
doesn't meas your test equipiment has (o be
limited, too. By leveraging technology from
HP'%s high-pesformance instraments, the
HP Basie Instruments collection olfers tools
Uhust it your budget without compromising
quality. You'll find all the fandamentals,
from power supplies to DMMs to scopes
Hewlett-Packard Co., (300) 452-4844,

e HEWLETT*
(ﬂ PACKARD

For More Information Cln:lc No. 582

LookINnG To
INCREASE YOUR
EXPORTS?

Write today fora FREE
sample copy of
Exporter Insider—

the new monthly
newsletter filled

with expert advice
and ideas to help your
business penctrate
international markets.

“Exporter Insider ...

- ———— s —

e

: no, 718 on the
Information Request Form or
Fax your request on .
lesterhead o (212) 822-2028.
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