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LabVIEW 4.0

* #1 Instrumentation software
for PC-based acquisition
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and Instrumentation News
* Customizable data acquisition
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Designed for Data Acquisition

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

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

Sun Solaris, and HP-UX.

Designed for Productivity

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

Time-saving editing and debugging tools
make developing DAQ applications even
easier than ever before. And, the opti-
mized 32-bit graphical compiler ensures

‘7 NATIONAL
, INSTRUMENTS

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

Designed for Industry-Standard Connectivity

Using LabVIEW 4.0, you can acquire data from the
industry’s widest selection of plug-in and external data
acquisition and signal conditioning devices, taking
advantage of technologies like PCMCIA for portable
applications and PCI for high-speed benchtop systems.

You can rapidly develop distributed DAQ systems through-
out your organization using built-in OLE automation, DDE,
TCP/IP, and SQL database calls.

If you want to learn more about the leading DAQ software
package, give us a call. LabVIEW 4.0 - it’s not just
designed for data acquisition - it’s Designed for You.
Call (800) 433-3488 today

for a FREE LabVIEW

demonstration package.

The Software is the Instrument®

Corporate Headquarters * 6504 Bridge Point Parkway ® Austin, TX 78730-5039 USA
Tel: (512) 794-0100 » Fax: (512) 794-8411 ¢ E-mail: info@natinst.com ® WWW: http://www.natinst.com

Branch Offices: Australia 03 9 879 9422 « Austria 0662 45 79 90 0 » Belgium 02 757 00 20 » Canada 519 622 9310 » Denmark 45 76 26 00
Finland 90 527 2321 « France 1 48 14 24 24 » Germany 089 741 31 30 « Hong Kong 2645 3186 « Italy 02 413091 « Japan 03 5472 2970
Korea 02 596 7456 » Mexico 95 800 010 0793 « Netherlands 0348 433466 « Norway 32 84 84 00  Singapore 2265886 * Spain 91 640 0085
Sweden 08 730 49 70 » Switzerland 056 200 51 51 » Taiwan 02 377 1200 « U.K. 01635 523545

© Copyright 1996 National Instruments Corporation. All rights reserved. Product and company names listed are trademarks or trade names of their respective companies.

Come to NI Week, the worldwide conference

on Virtual Instrumentation, August 3-8 For More iné Hon Wiite In We. 811
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12-bit Analog Input Asynchronous PCMCIA B

PCMCIA Card RS-232 and RS-422/485/530
Serial I/O Adaptors

Data Acquisition System for
Notebook and Desktop PCs
with Optional PCMCIA Interfac
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OMEGA's 24-Hour-a-Day, On-Demand Publishing Service
DIAL 1-800-848-4271

OMEGAnRnet* ON-LINE SERVICE
See OMEGA on the World Wide Web! hitp://www.omega.com
For Sales and Service:
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!: FROM THE MAKERS OF CorelDRAW™

¥ THE BEST IN 32-BIT DRAFTING & DESIGN
COREL VISUAL

Fast, Efficient Drafting & Design
Programmable and Customizable
Load and Save AutoCAD" and Generic CADD® Files

Task Aware Environment™

Multiple Viewports enable

Quick Commands are

Bird's-Eye View ™ allows you 10 ea
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Call now for faxed literature!

KUR-0209

Corel Visual CADD" is a highly intuitive, fast and
efficient professional design and drafting program
that allows both new and experienced users to exploit
the full power of Windows® 85 and Windows NT™.
Corel Visual CADD will coexist with your current
environment by providing seamless integration with
AutoCAD's" DWG and DXF and Generic CADD" file
formats. Whether you are creating architectural
drawings, technical schematics or engineering
projects, Corel Visual CADD delivers all the tools you
need to optimize your productivity at every stage of the
design process. Corel Visual CADD provides a cost-
effective CAD solution for any new or existing office.

* 250+ House Plans
1,900 Architectural Symbols
5,000 Mechanical Symbols
CADD 650 Electrical Symbols
120 Fonts

Uniquely large, unobstructed drawing areas
allow you to clearly view your design

Dynamic Reference Frames give you
absolute control over your printing
layout by allowing you to reference
multiple drawings and/or multiple views
of the same drawing on your output
sheet. You can also seamiessly integrate
AutoCAD* xrefs and paper space.

it Ju-'-r e L

Task Aware Environment™ is able to keep track
of where you are in the design process. Since it
incorporates enhanced features such as nested
commands, matching tools, speed bar dialogs
and a context-sensitive right mouse button, you
can count on finishing your work in record time

© 1996 Core! Corporation and Mumen Software Corporation Al rights reserved. Corel m 2 registersd rademark of Corel Corporation Visua! CADD. Supes-
Productive. Task Aware Environmend. and Bed's-Eye View are irademarks of Numers Software Corporation: Al product and company rames are rademarks
of regsterad ademarks of thes respective Companes

oy et Call Now!
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Consumer Electronics
*USS$ plus applicable taxes and shipping

For More Information Write In No. 606







MATRIX,

The Leading Real-Time Simulation and Test Environment

SR ' RealSim AC-100 Model C40 :
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Systems has enhanced
the RealSim AC-100
product line with the
Model C40. This newly
designed, easy-to-use,

portable system has been ruggedized and tested s —“:.J

for reliability in extreme temperature and vibra-
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the Model C40 provides the ideal solution for :

your real-time simulation and testing needs. __' _j |
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e call:

integrated 10 dramatically shorten your development time,

sysfems Integrated Systems, Inc.

800.770.3338 (U.S. and Canada only) o 408.980.1500,
World Wide Web: http://www.isi.com

© Integrated Systems, Inc. 1995, MATRIX, and AutoCode are registered trademarks of Integrated Systems, Inc. SystemBuild, Xmath, Documentlt, and RealSim are trademarks of Integrated Systems, Inc
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TSSTEQUITY

Formerly RAG Electronics

FREE CATALOG
S of New & ReNewed
Electronic Test Equipment

Our new name is Brand new test equipment,
TestEquity in stock, ready to ship,
e e plus value added service

created our company name using his
initials, calling it RAG Electronics.
Today we have successfully expanded to a multi-
million dollar international business and have chosen
a new name. Our new name TestEquity better

TestEquity offers new equipment too. World-class
products from Tektronix and Fluke are in stock, ready
to ship today! With dozens of similar instruments on
the market, a TestEquity Consultant can help you select
the right one for your application. You can rely on
expresses our direction for the future and long-term TestEquity to deliver when you need it in a hurry.
commitment to you.

FLUKE.
ReNewed™ is the highest grade

of used test equipment Tektronix
/

It makes sense to insist on ReNewed™ The unique
concept of ReNewed ™ test equipment begins with

a guarantee of functional performance. TestEquity
technicians thoroughly test, repair, and calibrate to
exacting standards with NIST traceability. Equipment

is then cosmetically detailed by a technician who
painstakingly works to ensure your pride of ownership.

TestEquity further expands our commitment
to you by introducing a one year warranty ONE YEAR WARRANTY

on most models of ReNewed™ equipment.

For More Information Write In No. 508

TestEquity Inc.
2 2450 Turquoise Circle
We also buy test equipment Thousand Ouke, CA 91320
Free up the EQUITY in your valuable electronic Telephone: 805.498-9933
test equipment and environmental chambers. . SRR

Just send a FAX - 800.272.4FAX - or

For a FREE catalog or to sell
call TestEquity and ask for purchasing.

equipment Call 800.564.3457
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(continued on page 8)

Soot deposited on paintings during a building fire can be very
difficult to remove without damaging the underlying surface. A
relatively nondestructive plasma process developed at Lewis
Research Center generates monatomic oxygen, which removes
organic coatings like soot or yellowed and cracked varnish
without attacking the oxide-based pigments in the paint layers.
Shown are a smoke-exposed section set back into a painting
(left) and the same smoke-exposed section after exposure to
atomic oxygen. The underlying paint layers remain undis-
turbed. For more information, see the Tech Brief on page 61.
Photo courtesy of Lewis Research Center
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Make Short Work Of Backup
With 200 MB Per Minute Speed.

1

Toeite—Striced BOT
02,200 MB Remaining 2500 KBss

ey

The CY-8505 is the latest in a long
line of 8mm tape drives that have pro-

vided reliable, unattended backup to

businesses worldwide. Backwards com-

patible with all earlier models and scal-
able to a 2.8 TB library, the CY-8505
gives you something that’s nice to find
in the computer industry: investment
protection

The CY-8505 can store 7 GB on a
single tape — up to 35 GB with hard-
ware data compression. Two or more
drives can work together with our
Advanced SCSI Processor to give you
striping, mirroring, u/,r"'—/mvm/'}‘ verify,
cascade, and H/(/('['(’?I(/('Hl modes of
operation — and speeds of up o
200 MB per minute. Or, choose a tape
library for unattended backup of ter-
abytes of data

Plug compatible with virtually every
computer system, our 8mm tape drives

offer more than performance in a cus-

tom configuration

Need to access files quickly?
We offer Accelerated File Access.

Need hands-free control
of a tape library?
We've got the Robotic Control Software
to do it.

Need to protect sensitive data?

It's as simple os adding
Data Encryption.

True Compatibility With:

Alliant Paralle! Port

Alpha Micro PC 386/ix

Altos PC MS-DOS

Apolio PC Xenix/Unix

Arix Pertec

AT&T PICK

Basic4 Plexus

Concurrent Prime

Convergent Pyramid .
Data General Sequent :
DEC Silicon Graphics |
Gould/Encore STC l
HP Stratus {
IBM Sun !
ICL Texas Instruments |
Intergraph Unisys ’
Macintosh Uttimate i
McDonnell Douglas Wang ’
Motorola Windows NT l
NCR - and more

NeXT

Novell

08/2 '
PS/2 ]

For More Information Write In No. 504

With a MTBF of 160,000 hours and a
bit error rate of less than 1 in 1017, our
subsystems give you unbeatable relia-
bility and data integrity

Easy to cost-justify and backed by a
two year warranty that includes unlimit-

ed in-house technical support from our

e

Our CY-CHS10A features one

385 GB on eleven tapes—with

and can store

it tape bar
engineenng group, there's no smarter
way (o store data — today and tomor-
row — than the family of CY-8505 tape

subsystems

Call today

Jor a custom

configuration and quote at

(804) 833-9000.
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New Product Ideas
New on Disk
New on the Market ........
61 Atomic Oxygen Removes Varnish Advertisers Index
ﬁ and Lacquer From Old Paintings |
62 Computer Programs 72 Books and Reports
@ 62 Program Helps Specify Paths for 72 Nucleation Pathways for Freezing
Numerically Controlled Tools iﬁ of Two Grades of Zirconium
62 Program Converts VAX Floating-Point 72 Hybrid Electric Thruster for Spacecraft
Data to UNIX 72 More About Cutting Tool for Shaving
Weld Beads
64 Mechanics 72 More About the Video Event Trigger
64 Improved Estimation of Vibrations 72 Compiled Data on Single-Event Effects
@ in Engines and Pumps Caused by Heavy lons
65 Improved Mechanical Seals for Tubes 80 :Nastefr-Based Electroplating Maskant
s Safer

80 Computed Flow About the Integrated

66 Machinery/Automation Space Shuttle, Revisited

66 Improved Aircraft Inlet Total-Pressure
Distortion Rakes

67 NASA Landing Systems Research la-14a Laser Tech B"efs =
Aircraft Follows page 72 in selected editions only.
68 Manufacturing/Fabrication On the cover:
1 o o e to . Pon-Sh Yoh of Goddard Space Flight Conter for hor
: 69 Cppper Gas Diffusers for Purging method of coding low entropy data, which provides en-
Line-Focus Laser Welds hanced data compression without loss of information during

decompression. The “lossless” data compression method
has wide-ranging applications for information storage and

70 Mathematics and Information retrieval in virtually any industry. For more information on
Sciences the winners and finalists, see page 20.
@ 70 Data-Base Software for Tracking Photo courtesy of Goddard Space Flight Center
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Algor software is helping the engineering leaders
of today and tomorrow design the future.

i r Re

Car Parts A!gor Software He|ps Design Centrifuge System Er\glneer Designs Arch Dams * Renovating an Historic ltalian Church » Designing

Tanks that Meet Federal Codes * Scientist Prevents Future Chemobyls Design Ophmzzauon and Creatlvny at Black & Decker ¢« Army Designs
: . : alida esign Brazmmv

Algor’s Internet place features a vast number of real-world case histories.
13th Cen! There’s something for everyone and new stories are being added all the time.
Algor’s Magellan Search Commander makes it easy to find stories of interest to you.

epanrs 1.,
d Dental

Design « [t - o ’ ——esign * Keck
Telescope Constructxon Started « Life Less pa(l"lfdl for Patients UndPrgUInq Buopsues Portuguese Engineer Creates Bold New Designs * Pulp

Factory Piping System Keeps Safe in Earthquake * Purafil and AEC Develop Product Improvement Plan « Revere Transducers Lowesr Design
Costs, Improves Quality » SAl Designs PA’s First Post-Tensioned Bridge Pier Cap * Schaeffer Magnetics Designs Actuators for Space Robot ¢
Spanish Shipbuilders Design Dry Dock Door = Spirex Designs Parts that Save Time and Money = U.S. Filter Improves Water Filtration Product
« Ultrasonic Plastic Welding Experts Put Algor FEA to the Test * University of Vermont Probes Scoliosis Mysteries * Westinghouse Teaches
Algor to Japanese » Westinghouse Uses Algor Design Language * Wheeling Suspension Bridge Case History » Zimmermann & Jansen Design

Algor’s Internetrplace is also the best spot to learn about:

Houdini: CAD/FEA Integration Multimedia Products for Engineers
with 8-node “Bricks” (books, videos, etc.)

Speed-Mesh: CAD to 8-node “Brick”
Modeling Service

Finite Element Design
and Analysis Software

Plant and Piping System

Design and Analysis Software SRS SN Dafuars

E-mail: info@algor.com « Phone: +1 (412) 967-2700 » Fax: +1 (412) 967-2781

For More Information Write In No. 525



To anyone

who is choosing %ﬁ |

between designing HIL

in 2D or 3D, f;

we offer the TN

following advice.

\earest Autodesk Systems Center or Autodesk Training Center, call 1-800-964-6432. Outside the U.S. and Canada, fax us at 1-415-507-6142. ©1996 Autodesk, Inc. Autodesk, the Autodesk logo



Don’t.

Introducing Autodesk Mechanical Desktop™

That’s right. From now on you and
your entire design team can end the
debate and really get the job done.
The reason is the new Autodesk Mech-
anical Desktop. And if you read on,
you'll see that everything we're talking
about here is designed around your
needs as a mechanical designer. Take
2D drafting. For some projects it’s the
best way to go and it just may be the
way that you're most comfortable
working. Since Mechanical Desktop is
built on AutoCAD? software, the
unsurpassed 2D drafting standard, you
know the capabilities are there. Other
projects are more effectively done in

3D or a mixture of 2D and 3D. Our

Analysis by ANSYS. Inc.

Uniting 2D and 3D.

enhanced feature-based solid modeler
speeds design and makes change
effortless. And users totally new to 3D
will easily get up to speed because of
their familiarity with AutoCAD. So
you see, with Mechanical Desktop
you'll have a powerful mechanical
design tool that’s flexible enough for
anyone in your design team whether
they need 2D or 3D, for straight-
forward components or complex
assemblies. There you have it. You'll
be able to use one tool for a variety of
projects. You'll have a network of
training and support centers worldwide.
And yes, it’s affordable. Sound too

good to be true? Call us on it.

With Mechanical Desktop as a foundation, you can take your projects from design to manufacture.
Thanks to the Mechanical Applications Initiative (MAI), you can choose from the
best-of-class design through manufacturing applications and know that they'll be fully integrated.

’ CaLL 1-800-964-6432 AND Ask FOR DEMOPAK S605.

Feature-based,
parametric solid modeling
You model with familiar
features like tapped holes and
chamfers. Mix surfaces and

solids to build complex shapes.

Comprehensive assembly
modeling
Assemblies are associative.
Make a change and see the

entire design update.

2D design and drafting
.DWG format ensures
compatibility with your existing

data, vendors and clients.

R

' Associative drafting
Automatically generate detailed
drawings. Full bi-directional
associativity updates models

and drawings.

I Autodesk



REAL-TIME
VIDEO ON
COMPUTERS

SIMULATION c3i SURVEILLANCE
INTERACTIVE VIDEO DISC TRAINING

ROBOTICS INDUSTRIAL CONTROL

VIDEO TELECONFERENCING

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

ABh
RIGB)
w

SPECTRUM®
A visual communications company™

950 Marina Village Parkway Alameda, CA 94501
Tel: (510) 814-7000 Fax: (510) 814-7026
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The Answers to
Your Questions...

... B

GET RESULTS QUICKER

Immediately gain insight from your
data with IDL, the pioneering software for
interactive analysis and application develop-
ment. If you analyze data ljr()m tests,
ments, simulations, or images — or write

ications for others to use — IDL will give
ar results faster.

IMPROVE YOUR PRODUCTIVITY

Dramatically improve your productivity
using IDL for visual data analysis, rapid
prototyping, or application development.
Nothing else provides the speed, flexibility,
and breadth of built-in functions for access,

manipulation, and display of scientific and
engineering data.

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

REDUCE DEVELOPMENT TIME

Only a few lines of IDL code can do the
job of several hundred lines of C or Fortran.
Plus, you can call functions in other lan-
guages or link IDL to your existing C or
Fortran applications.

IDL programs are portable. You can
deliver complete solutions on UNIX®, VMS™,
Windows, Windows NT™, Macintosh®, and
Power Macintosh, while writing programs
only once.

So why waste time starting from scratch?
Exploit IDL and find the answers — in les
time, with less programming, and less hass
For a free demo CD, call
303-402-4641
info@rsinc.com
http://www.rsinc.com

Research Systems
Software = Vision..




NASA

Team

Commercial
Technology

NASA’s Technology Sources

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

Ames Research
Center

Selected techno-
logical strengths:

Sciences;
Information,
Communications,
and Intelligent
Systems;

Human Factors.
Syed Shariq

(415) 604-0753
syed_shariq@qm
gate.arc.nasa.gov

Dryden Flight
Research Center
Selected techno-
logical strengths:
Aerodynamics;
Aeronautics
Flight Testing;
Aeropropulsion;
Flight Systems;
Thermal Testing;
Integrated
Systems Test
and Validation.
Lee Duke

(805) 258-3119
duke@louie.dfrf.
nasa.gov

George Alcorn
(307) 286-5810
galcorn@gsfc-
mail.nasa.gov

Jet Propulsion
Laboratory
Selected techno-
logical strengths:
Near/Deep-
Space Mission
Engineering;
Microspacecraft;
Space
Communications;
Information
Systems;
Remote Sensing;
Robotics.

Wayne Schober
(818) 354-2240
wayne.r.schober
@jpl.nasa.gov

Johnson Space
Center

Selected techno-
logical strengths:
Artificial

Intelligence

and Human
Computer
Interface;

Life Sciences;
Human Space
Flight Operations;
Avionics;
Sensors;
Communications.
Hank Davis

(713) 483-0474
hdavis@gp101.jsc.-
nasa.gov

Kennedy Space
Center

Selected techno-
logical strengths:
Emissions and
Contamination
Monitoring;
Sensors;
Corrosion
Protection;
Bio-Sciences.
Bill Sheehan
(407) 867-2544
billsheehan@
ksc.nasa.gov

Langley Research
Center

Selected techno-
logical strengths:
Aerodynamics;
Flight Systems;
Materials;
Structures;
Sensors;
Measurements;
Information
Sciences.

Dr. Joseph S.
Heyman

(804) 864-6005
j.s.heyman
@larc.nasa.gov

Lewis Research
Center

Selected techno-
logical strengths:
Aeropropulsion;
Communications;
Energy
Technology;
High
Temperature
Materials
Research.

Ann Heyward
(216) 433-3484
ann.o.heyward@
lerc.nasa.gov

Marshall Space
Flight Center
Selected techno-
logical strengths:
Materials;
Manufacturing;
Nondestructive
Evaluation;
Biotechnology;
Space
Propulsion;
Controls and
Dynamics;
Structures;
Microgravity
Processing.
Harry Craft

(800) USA-NASA
susan.van.ark@
msfc.nasa.gov

Stennis Space
Center

Selected techno-
logical strengths:
Propulsion
Systems;
Test/Monitoring;
Remote

Sensing;
Nonintrusive
Instrumentation.
Anne Johnson
(601) 688-3757
ajohnson@ssc.
nasa.gov

NASA-Sponsored Commercial Technology Organizations

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

Lee Rivers Dr. William Gasko Gary Sera Chris Coburn
National Technology Center for Technology Mid-Continent Great Lakes Industrial
Transfer Center Commercialization Technology Transfer Technology Center
(800) 678-6882 (800) 472-6785 or Center Battelle Memorial
(508) 870-0042 Texas A&M University Institute

(800) 472-6785 or (800) 472-6785 or
Robert Stark J. Ronald Thornton (409) 845-8762 (216) 734-0094
Far-West Technology Southern Technology
Transfer Center Applications Center Lani S. Hummel
University of Southern University of Florida Mid-Atlantic Technology
California (800) 472-6785 or Applications Center
(800) 642-2872 or (904) 462-3913 University of Pittsburgh
(213) 743-2353 (800) 472-6785 or

(412) 648-7000

Easy Access To The FLC: Call (206) 683-1005 for the name of the Federal Laboratory Consortium Regional
Coordinator in your area. The Regional Coordinator, working with the FLC Locator, can help you locate a
specific laboratory to respond to your needs.

NASA’s R&D efforts produce a robust supply of promising technologies with applications in many industries. A key
mechanism in identifying commercial applications for this technology is NASA’s national network of commercial technol-
ogy organizations. The network includes ten NASA field centers, six Regional Technology Transfer Centers (RTTCs), the
National Technology Transfer Center (NTTC), business support organizations, and a full tie-in with the Federal Laboratory
Consortium (FLC). We encourage all businesses with technical needs to contact the appropriate organizations for more
information. For those who have access to the Intemnet, general information can be accessed with Mosaic software on
the NASA Commercial Technology Home Page at URL: http://nctn.cact.hg.nasa.gov. Instructions regarding how to
acquire the free Mosaic software can be obtained by sending an e-mail request to: innovation@oact.hq.nasa.gov.

NASA Program Offices

At NASA Headquarters there are
seven major program offices that
develop and oversee technology pro-
jects of potential interest to industry.
The street address for these strategic
business units is: NASA Headquarters,
300 E St. SW, Washington, DC 20546.

Gene Pawlik

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

Robert Norwood
Office of Space Access
and Technology (Code X)
(202) 358-2320
rmorwood@oact.hq.
nasa.gov

Philip Hodge
Office of Space Flight
(Code M)

(202) 358-1417
phodge@osfms1.hq.
nasa.gov

Gerald Johnson
Office of Aeronautics
(Code R)

(202) 358-4711
g_johnson@aeromail.
hq.nasa.gov

Bill Smith

Office of Space Sciences
(Code S)

(202) 358-2473
wsmith@sm.ms.ossa.
hq.nasa.gov

Bert Hansen

Office of Microgravity
Science Applications
(Code U)

(202) 358-1958
bhansen@gm.olmsa.
hq.nasa.gov

Granville Paules
Office of Mission to
Planet Earth

(Code Y)

(202) 358-0706
gpaules@mtpe.hq.
nasa.gov

NASA's Business Facilitators

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

promise.

Dr. Stephen Gomes
American Technology
Initiative

Menlo Park, CA
(415) 325-5353

Jill Fabricant
Johnson Technology
Commercialization
Center

Houston, TX

(713) 335-1200

John Gee

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

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

If you are interested in information, applications, and services relating to satellite and aerial data for Earth resources, contact: Dr. Stan Morain, Earth Analysis Center, (505) 277-3622.
For software developed with NASA funding, contact NASA's Computer Software Management and Information Center (COSMIC) at phone: (706) 542-3265; Fax: (706)
542-4807; E-mail: http://www.cosmic.uga.edu or service@cosmic.uga.edu. If you have questions...NASA's Center for AeroSpace Information can answer questions about
NASA's Commercial Technology Network and its services and documents. Use the Feedback Card in this issue or call (410) 859-5300, ext. 245.
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Vibration Measur

When you're faced with a unique

vibration measurement prob-
lem, look to Endevco for an
innovative solution.

We offer the industry’s widest

range of piezoelectric, ISOTRON;
piezoresistive, and variable-capa-

in our designs. So we’ll help you
select the sensor with the best
performance characteristics for
your application. Whether
you're measuring a few
uG’s or 200,000 G’s.

Plus Endevco makes

To request your ﬁ'ee

citance accelerometers. Plus our  a complete line of f:*lectromc instru- Radesce Dvwarmic
new servo-force-ba-  ments and low-noise cable assem- Measurement Poster, with
ance devices. blies. So we're your ideal source for key formulae, conversion
Unlike other total vibration measurement solutions. tables, and constants,
5 call (800) 982-6732
manufacturers, we And fast delivery and unsurpas- or e-mail us at
use many different  sed value are assured. freebie@endevco.com.

sensing materials
and technologies,

including micro-
machined silicon,

For details on how we can help
put your vibration measure-

f ment on solid ground, just call
(800) 982-6732. ENDEVCO
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EMEGGITT 30700 RANCHO VIEJO ROAD, SAN JUAN CAPISTRANO, CA 92675 USA, TEL (800) 982-6732 FAX (714) 661-7231
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US PATENT

COPIES

ONLY $3.95

* US and
International
Patents!

* Clean, Crisp Copies!

* Fax Delivery
Available!

Wouldn’t you like to see
the full patent ... includ-
ing all the drawings? It’s
easy. Call 800-336-5010
and order any patent
copy in the world, includ-
ing any patent shown on
this page. If you don’t
know precisely what you
want, we can_still help.
Expert patent specialists
are available to provide
you with a completely
confidential search. You
even have a choice of
delivery options includ-
ing first class US mail,
Federal Express or even
fax. It’s up to you. Call us
today and find out what
you're missing!

DERWENT

Scientific and Patent Information

Call (800) 336-5010
to place your order

Call (800) 451-3451
for more information

info@derwent.com

Visit our Home Page!
http://www.derwent.co.uk

For More Information Write In No. 401
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Over the past three decades, NASA has granted more than 1000 patent licenses in virtually every area of tech-
nology. The agency has a portfolio of 3000 patents and pending applications available now for license by busi-
nesses and individuals, including these recently patented inventions:

Ultrahigh-Purity Dimensionally
Stable INVAR 36
(U.S. Patent No. 5,476,633)
Inventors: Witold M. Sokolowski,
Marc S. Lane, Cheng H. Hsieh, and
Timothy P. O'Donnell, Jet Propulsion
Laboratory

Ultrahigh-purity INVAR 36 is produced by
powder metallurgy from very pure starting
materials without introducing impurities in pro-
cessing, ensuring a material with low thermal
expansion and good temporal stability. When
compared to conventional Invar 36, the new
material exhibits better fatigue properties.
INVAR 36 meets the strict requirements for
dimensional stability, machinability, and
mechanical strength needed for support struc-
tures in instruments having optical components
focused on dis.ant objects. On space flights, for
example, INVAR 36 can be used for metering
rods in camera athermalizing systems. It also
has more practical applications since it is easy
to fabricate and has low coefficients of thermal
expansion over a range of temperatures.

For More Information Write In No. 732

Control System for
Prosthetic Devices
(U.S. Patent No. 5,480,454)
Inventor: Richard J. Bozeman, Jr.,
Johnson Space Center

Typically, a prosthesis provides relief to those
disabled by the absence or defect of a body
part. The control of a drive mechanism in asso-
ciation with a prosthesis calls for highly compli-
cated processing. Unfortunately, prior control
devices have been disproportionally large in size
for the number of modes of motion the artificial
limb is expected to produce. The new control
system for prosthetic devices comprises a trans-
ducer for receiving movement from a body part
and generating a sensing signal associated with
that movement. The invention facilitates easy
adaptation by children or adults and the elec-
tronic control package is small in comparison to
prior devices. The control device is mounted
easily in the prosthesis and does not require the
user to wear additional containers or carriers.

For More Information Write In No. 733

Cascaded VLSI Neural
Network Architecture for
On-Line Learning

(U.S. Patent No. 5,479,579)

Inventors: Tuan A. Duong, Taher
Daud, and Anilkumar P. Thakoor, Jet

Propulsion Laboratory

High-speed, analog, fully parallel and asyn-
chronous building blocks are cascaded for larg-
er sizes and enhanced resolution. A hardware-

compatible algorithm permits hardware-in-the-
loop learning despite limited weight resolution.
A computation-intensive feature classification
application has been demonstrated with this
flexible hardware and new algorithm at high
speed. The building-block approach to the con-
struction of fully parallel neural networks allows
implementation of networks of various sizes and
architectures using only a small set of custom
VLSI chip designs. These building block chips
can be embedded as application-specific
coprocessors for solving real-world problems at
extremely high data rates.
For More Information Write In No. 734

Augmented Thermal Bus
(U.S. Patent No. 5,483,800)
Inventor: Dean S. Schrage, Lewis
Research Center

The invention involves a thermal bus for dissi-
pating heat by using a number of individually
controlled thermo-electric heat pumps, each of
which controls a region on a source. All pumps
are controlled by a model-based controller. This
new bus is an augmentation of a conventional
single-phase thermal bus with an interstitial
thermo-electric heat pump, which is a solid-
state direct energy conversion device. Since
the pump has no moving parts, it is structurally
and thermally robust, making it suitable for
temperature cooling in a hostile environment.
The augmented thermal bus also provides a
high level of isothermality in a heat source or
baseplate, and upgrades the waste heat pro-
duced by the system, reducing the surface area
required for a radiator.

For More Information Write In No. 735

Remote Monitor Alarm System
(U.S. Patent No. 5,485,142)
Inventors: Robert A. Stute, F. Houston
Galloway, Pedro J. Medelius, Robert
W. Swindle, and Tracy A. Bierman,
Kennedy Space Center

Large communication systems often employ
remote terminal equipment whose operational
condition must be monitored at a central loca-
tion. It is imperative, therefore, that operational
problems with the remote equipment be located
and communicated quickly. The invention is a
remote monitor alarm system in which power
supply and alarm conditions of communication
terminal equipment installed at remote sites are
monitored and detected by a number of remote
terminal units, which communicate the condi-
tions to a central monitoring unit. The central
monitoring unit, which consists of a video dis-
play, hard disk memory, line printer, and audio
alarm, is located where technical personnel can
observe the alarm and other conditions
received by the remote terminal units, allowing
quick action when operational problems occur.

For More Information Write In No. 736
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OUR LASER Is WELL KNOWN
AROUND THESE PARTS.

Gasket Manufacturing

Marking Microprocessors

Wire Stripping

Marking Plastic

And the list doesn't stop here. The
more manufacturers get to know our
RF-excited, sealed CO: lasers, the more
uses they keep finding for them.

This growing popularity makes sense
when you consider how versatile and
cost-efficient our lasers can be. All the
parts shown here were marked or cut in
seconds or less — in some cases while
moving on high speed production lines.

No tooling is required. The
laser’s power and motion are
controlled using a simple PC.

Images, graphics, and text can
be created in standard CAD or

graphics software — delivering

Color Marlemg on

mmum

Custing and Welding Plastic

greater process flexibility.
Changing the pattern is as
simple and quick as loading
a new computer file.

Plus, the laser’s small focused spot
and non-contact approach eliminate the
use of dies, blades, scribers or ink. So you
can expect increased accuracy, resolution
and process savings.

We offer models from 10 to 250
. watts of power, allowing you

your application and budget.

of our patented all-metal
construction, you get over

-_1-

to select the laser that matches

And, as they all take advantage

Engraving Wood

Cutting Paper

Cutting Wood

Rubber Stamps

20,000 hours continuous operation.
With no gas bottles or other consum-
ables. That's why Synrad lasers
cost less to buy and run than any
other models.

If you don't recognize your
application on this page, dont worry. Our
biggest customers had never used a laser
before talking to us.

To find out how lasers can take part
in your application, call (800) SYNRAD1.

SYNRAD

11816 North Creek Parkway N., Bothell, WA 98011-8205 (206) 483-6100 FAX (206) 485-4882 E-mail: synrad@aol.com

Australio 61 (376) 15200. Belgivm 32 [71] 488-448. Chino 86 143-65891. Denmark 45 l35dl 30133 E@bnd 44 (1295¢267755. France 33 1460.79.59.00. Gemany 49 898901350

Greece 30 31204550. Hungary 36 1-2690105. Isroel 972 9574111, Japon 81 (33) 758-1111. Netherlonds 31 17243-12-34.

Polond 48 224-31802. Singapore 65 382:2633

Spain 34 1-35.88.61.1. Sweden 46 87-569-190. Turkey 90 2-122:63-2670.
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New Product Ideas are just a in the the TSP referenced at the
few of the many innovations section in this issue. If you end of the full-length article
described in this issue of are interested in developing a or by writing the Commercial
NASA Tech Briefs and having product from these or other Technology Office of the
applications. Each is discussed  receive further (see page 14).
further on the referenced page information by requesting

Ultrastable Multigigahertz Celsian Glass-Ceramic Pyrolytic Carbon as a

Photonic Oscillator

An ultrastable oscillator is being
developed as a source of microwave
and millimeter-wave signals. The oscilla-
tors would be generated photonically,
then converted to electronic form.

(See page 34.)

Photonic Diagnostic
Technique for Thin
Photoactive Films

This method involves simultaneous
measurements of both electrical and
optical photoresponse of a film under
test sandwiched between two electrodes
as in a capacitor. This technique could
play a vital role in facilitating the manu-
facturing of high-density ferroelectric
memories. (See page 49.)

Matrix Composites

These composites feature strength,
toughness, low relative permitivity, and
low absorption of electromagnetic waves
over a wide temperature range. The ma-
terial is to be used in low dielectric appli-
cations, such as radomes.

(See page 24.)

Wideband, High-Input-
Impedance Buffer Amplifier

An improved amplifier offers a high
input impedance to a signal source. Its
input impedance remains high, relatively
constant, and essentially resistive over a
wide range of frequencies. This charac-
teristic is essential for minimizing signal
distortion in certain applications.

(See page 38.)

Lubricant in Hot Ceramic
Bearings

Pyrolytic carbon may prove useful as a
solid lubricant in ceramic bearings in
advanced gas-turbine engines, where
high temperatures would destroy liquid
lubricants. Ethylene gas would be made
to flow past the bearings and would be
pyrolized to replenish the carbon lubri-
cant particles. (See page 60.)

NASA Landing Systems
Research Aircraft

A Convair 990 airplane has been mod-
ified to incorporate a tire-and-landing-
gear test facility. The system can dynam-
ically simulate vertical-load profiles,
sideslip angles, and wheel braking on
real runways. (See page 67.)

Macsyma 2.1’s MathTips Advisor is
your magic wand for math-computing

Macsyma’ athTips™ Advisor
makes you rk remarkably easy.
Complete many computations with no
typing and no memorizing of com-
mands. It's like magic!

Solving engineering problems with
finite elements was never so easy!

PDEase 2.5 with
eigenanalysis

Flexible...

Macsyma’ ataViewer™
adds data acquisition. You can
import, export, edit, and display
large data sets. You can also
smooth, fit and interpolate data.

Macsyma is tops on the
largest test of math software?,
and Macsyma 2.1 is even
stronger than Macsyma 419.

Macsyma 4192
108

Maple V.3
90.5

problems.
" Wester, M., Computer Algebra Netherlands, Dec. 1994. Updated at ftp:/
math.unm.edu/pub/cas/Paper.ps. Scores of +1, 0 for correct/incorrect, Powerful
no answer. “No other math software has such satisfying PDEase han;!.l;’,s tens of thousands
2 Tests by Macsyma on-iine help” = MIC Bxira [Senmaniy) of nodes and adaptively selects time
Inc. indicate that “Macsyma is the heavy artillery ... steps.
Macsyma 2.1 remarkably easy to use.” - IEEE Spectrum
scores 122 on this *Macsyma is now the leader in the math
test suite. program marketplace.” - PC Magazine
Call 800-macsyma for a free demo disk or workstation trial today.
M a C Sy m a Macsyma Inc. info@macsyma.com 800-622-7962
20 Academy Street http://www.macsyma.com tel: 617-646-4550

Measured Data
and Polynomial-Exponential Fit

gmpligde
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Mathematica 2.2.3
88

Arlington, MA 02174

PDEase solves static, dynamic and
eigen problems with (systems of)
(non)linear equations. It is ideal for
cross-disciplinary problems and
unusual equations. Excellent for
reaction-diffusion-flow problems in
chemical engineering.

Easy to use...

PDEase has a simple input language,
an exceptionally smart adaptive grid
generator, and automatic error
analysis. You need not make many
runs to verify convergence. It comes
with 90 executable demonstrations
from many fields which you can use
as a starting point for your own

fax: 617-646-3161

“PDEase is a unique program i
class by itself ... an unbeatable
deal.” - Design Ne

“PDEase is a breakthrough on
counts: flexibility and cost.”
- |IEEE Spectr

“... After a few hours of exercis:
the arsenal of finite elements is
your fingertips.”

- Computers in Phys
“Macsyma and PDEase have
finally freed me from the drudg
of vector calculus and solving

PDEs." - Prof. Protap Praman
Univ. of Saskatchew

0, PDEas

Macsyma and PDEase are registered trademarks of Macsyma Inc. MathTips and DataViewer are trademarks of Macsyma Inc. All other trademarks are the property of their respective owner
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Making scope measurements isn't always
easy. That's why we're sharing some of our
favorite hints for making better measure-
ments — no matter what kind of scope
you're using.

What else you’ll find inside our
free booklet:

4 Hint 3: Probing Sanity
Check.

4 Hint 4: Troubleshooting
Infrequent Events.

¢ Hint 2: Poor Man's TDR.

4 Hint 5: How to Prevent Your Scope
from Aliasing.

4 Hint 6: Analyz moni istortion
Using FFT.

4 Hint 7; Use Holdoff to Stabilize
Complex Digital Waveforms.
4 Hint 8: Capture Fast, Low-Duty-Cycle

Pulses Using Peak Detect.

You've seen a sample, now send for all eight
scope hints by mailing in the attached reply

card. Or call 1-800-452-4844, Ext. 1148.

It may be the best free advice you'll ever get.

There is a better way.

For More Information Write In No. 533
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R NASA Invention of the Year

The NASA Invention of the Year com-
petition consists of a Government
Invention of the Year and a Commercial
Invention of the Year. For 1995, a com-
mercial winner was not selected. Instead,
an invention was chosen as NASA's nom-
inee for the Intellectual Property Owners
1995 National Inventor of the Year Award.

The NASA 1995 Government Invention
of the Year was awarded to Dr. Pen-Shu
Yeh of Goddard Space Flight Center for
her Method of Coding Low Entropy Data.
The Engines-Only Flight Control System
invented by Frank W. Burcham, Joseph
L. Conley, Charles G. Fullerton, Glenn B.
Gilyard, and James F. Stewart of Dryden
Flight Research Center was chosen as
NASA'’s nominee to the National Inventor
of the Year competition.

NASA’s Government
Invention of the Year

Method for Coding
Low Entropy Data

Dr. Pen-Shu Yeh
Goddard Space Flight Center

e Y‘T!‘u'?.l

[ESVs

itsiiig -mn: s s

d ;b‘lﬂfi:’.‘iil!l."h‘lllé H

zg;

The NASA Government Invention of the Year, developed by Dr.
Pen-Shu Yeh of Goddard Space Flight Cenler, is a source coder
that provides enhanced data compression without any loss of

information during decompression.

Information sources such as imaging
and voice data are often digitized,
processed, modulated for transmission,
and stored on mass media. Data com-
pression allows more information to be
stored in a finite space or transmitted in
real time. However, when data is decom-
pressed, valuable information may be
lost. Dr. Yeh developed a computer pro-
gram that provides enhanced data com-

20

pression without any loss of information
during decompression. This method for
efficient coding and decoding of signal
sources having a low information rate
results in “lossless” data compression.

Lossless source coding preserves
data accuracy while removing redundan-
cy in the data source. After the decoding
process, the original data can be recon-
structed from the compressed data by
restoring the removed redundancy. The
coding method uses an algorithm which
can be implemented in simple logic and
does not require an intermediate buffer or
Huffman code books. It also works with
data of intermittent zero-valued symbols.
The reconstructed data will be the exact
duplicate of the original information
source, which is essential when data
integrity cannot be compromised.

The lossless source coder consists of
two separate functional parts: a pre-
processor and the adaptive entropy
coder, which calculates uniquely deci-
pherable, variable-length codewords
corresponding to each block of samples
input from the preprocessor.

The patented program is used exten-
sively throughout NASA and government,
and was first used and flown on the
Mars Observer. When
used on space missions
such as the Hubble
Space Telescope and
the Submillimeter Wave
Astronomy Satellite, the
program will allow two
to three times more data
to be stored on and
transmitted from the
spacecraft.

The College of Radi-
ology, Phillips Medical, Ko-
dak Medical, and Picker
International—all mem-
bers of the National
Electrical Manufacturers
Association (NEMA)—are
evaluating the program for
use in disk storage for dig-
ital medicine, such as digi-
tal radiography, ultrasound, and magnetic
resonance imaging (MRIl) and CT (CAT)
scans. NEMA also has recommended the
invention be made a worldwide standard
for data compression.

The Department of Defense, Sandia
National Laboratories, and the US Air Force
have purchased chips that incorporate the
invention. Other applications include sensor
data, computer images, seismic data,

implantable medical devices, and pace-
maker data storage and transmission.

NASA’s National
Inventor of the Year
Nominee

Engines-Only

Flight Control System
Frank W. Burcham, Joseph L.
Conley, Charles G. Fullerton,

Glenn B. Gilyard, and James F.
Stewart

Dryden Flight Research Center

Charles G. Fullerton (left) and Frank W.
Burcham of Dryden Flight Research Center
stand beside the F-15 jet that was

landed in April 1993 using the propulsion-
controlled aircraft (PCA) engines-only flight
control system they invented.

Flight control systems in today’s mili-
tary and commercial aircraft are highly
reliable, thanks to multiple control sur-
faces, hydraulics, sensors, control com-
puters, and control cables. However,
occasional flight control failures do occur,
at which times another form of flight con-
trol is necessary. While conventional
backup control systems are installed on
many airplanes, they are vulnerable to
damage that renders the flight control
system useless, resulting in loss of the
aircraft, and loss of life.

The flightpath of some multiple-engine
aircraft can be controlled somewhat by
manual adjustment of the throttle con-
trols. For example, aircraft have flown by
manually adjusting the throttle controls
after complete hydraulic failure. However,
this does not provide sufficient control to
land the aircraft, since the change in
response to manual throttle control
adjustment is too slow.

One type of conventional backup con-
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trol system uses auxiliary engines to con-
trol the flightpath of an airplane. The aux-
iliary engines are arranged to supply
thrust in various directions in order to
correct emergency conditions while in
fight. These auxiliary engines are provid-
ed in addition to the main engines. The
system is expensive and involves modifi-
cation of the aircraft.

Following the crashes of several com-
mercial aircraft due to hydraulic failure—
most notably the crash of a United
Airlines DC-10 in Sioux City, A, in 1989—
the Dryden team began developing a
backup system for controlling the flight-
path of multiple-engine airplanes using
the main engines. The system uses a
standard autopilot control already present
in the cockpit, with new programming in
the aircraft's flight control computer.

The system incorporates an input
device—comprising a control stick,
thumbwheel, or instrument landing sys-
tem receiver—for generating a control
command indicative of a desired flight-
path; a feedback sensor; and a control
device for changing the output power of
at least one of the main drive engines on
each side of the airplane in response to
the control command and the feedback
signal. For example, for pitch control, the
program increases thrust to climb; thrust
is decreased to descend. The autopilot
increases the left engine thrust while
decreasing right engine thrust in order to

turn right.
On August 29, 1995, one of the inven-
tors, Gordon Fullerton, landed a

McDonnell-Douglas MD-11 transport air-
craft at Dryden using only engine power
for control. Using a similar system, he
previously had landed a NASA F-15
research aircraft in April, 1993.

The patented system could save thou-
sands of lives by enabling a pilot to not
only perform a survivable crash-landing,
but to actually perform a normal landing
without the use of standard flight controls.

Finah'slis?
Phenylethynyl Terminated

Imide Oligomers

Paul M. Hergenrother, Robert G.
Bryant, Brian J. Jensen, and
Steven J. Havens

Langley Research Cenler

Four phenylethynyl terminated imide
oligomers were developed for NASA's
High Speed Research Program specifi-
cally for potential use as structural resins
on high-speed civil transports (HSCTs).
To build an economically viable HSCT,
approximately 50% of the structural
weight must be composites. The high-
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performance organic polymeric materials
invented by the Langley team have a
unique combination of properties.

The cured polymers display excellent
property retention over a wide range of
temperatures. The low-molecular-weight
imide oligomers have melt viscosities that
allow excellent compression moldability
and the phenylethynyl groups cure at ele-
vated temperatures without volatile evo-
lution. Adhesive panels, composites,
films, and moldings made from the poly-
mers exhibited excellent mechanical per-
formance and high chemical and thermal
stability.

Imitec, a Schenectady, NY-based
company, licensed the rights to manufac-
ture the phenylethynyl terminated imide
oligomers and moldings, and produced
hundreds of pounds of the resin during
1995. Licensing is pending to manufac-
ture the polymers, as well as prepregs,
composites, and moldings made from
them. The US Navy, Xerox, IBM, and
General Electric have expressed interest
in evaluating the materials for use in the
microelectronic/electronic area.

RotatinQ-UnBalar{ced-Masé x
Device

Dr. Michael E. Polites and Dean C.
Alhorn

Marshall Space Flight Center

Marshall researchers Dr. Michael E.
Polites (right) and Dean C. Alhorn perform
a full-scale laboratory experiment for lest-
ing rotating unbalanced-mass (RUM)
devices for scanning gimbaled payloads

and free-flying spacecraft.

In space exploration, x-ray and
gamma-ray instruments and telescopes
often require line-of-sight scanning that
cannot be accomplished optically or
electronically. This is also true of some
sensors, telescopes, and electronic
devices on the space shuttle, the space
station, and on free-flying spacecraft.

The most common method for achieving
various scan patterns is to gimbal the
scanning device, suspending the gimbals
so that they can be activated to generate
a scan pattern.

The Marshall duo invented a new
approach to scanning space-based and
balloon-borne gimbaled payloads, free-
flying spacecraft, and ground-based
gimbaled payloads. The basic system
uses a pair of rotating unbalanced-mass
(RUM) devices, mounted on the payload
or spacecraft, to generate the basic scan
motion, and an auxiliary control system
(ACS) which keeps the scan centered on
the target and produces a complemen-
tary motion for raster scanning. Simply, a
RUM device is a mass on a lever arm that
rotates at a constant angular velocity.
The masses rotate about parallel axes in
parallel planes, but 180° out of phase
with each other. This causes the instru-
ment to scan back and forth in a pattern
which may be a straight line, a circle, or a
raster, depending on the number and
positioning of the RUMs.

RUMs have potential applications in
defense, industry, and medicine including
dithering gun barrels in military fire control
systems; spraying water for fighting for-
est fires; spraying liquid fertilizers in open
fields; and scanning medical devices with
considerably less power.

Rotorcraft Blade-Vc;t_ex
Interaction Controller

Fredric H. Schmitz
Ames Research Cenler

Noise is one of the prime inhibitors of
extensive commercialization of rotorcraft.
For a helicopter in flight, blade-vortex-
interaction (BVI) noise—also referred to
as “blade slap”—originates in the short-
duration, high-amplitude aerodynamic
forces that occur when rotor-blade tip
vortices pass in close proximity to the
same or different rotor blades at later
times near the rear and sides of the rotor
disk. Reducing BVI noise can be
achieved by maximizing the flow through
the plane of the rotor so that each fol-
lowing blade encounters as little as pos-
sible of the airflow disturbance generated
by the preceding blade(s).

Mr. Schmitz’s invention introduces an
auxiliary force in the fore-aft direction to
reorient the rotorcraft’s rotor tip-path-
plane angle. The changing angle increas-
es the inflow through the rotor disk, less-
ening the likelihood of BVI noise. A rotor-
craft would be equipped with two airfoils
that would extend out sideways from the
fuselage and rotated about their com-
mon horizontal axis. During forward, level
flight, the airfoils would be oriented in a
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horizontal plane, acting as small wings
augmenting lift. The airfoils would be
turned into a vertical plane to generate
drag, making it necessary to tilt the main
lifting rotor more to oppose the drag.
The device can be applied to most
rotorcraft, including helicopters.

lon Exchange Polymers and
Method for Making

Warren H. Philipp and Kenneth W.
Street, Jr.

Lewis Research Center

Dumping production waste products
containing toxic metal ions—such as
lead, mercury, and copper—into
streams, rivers, lakes, or sewers unfortu-
nately used to be a common practice.
The Lewis team has developed an alter-
native means for removing heavy metal
ions from water or aqueous solutions
that is based on the fact that ion
exchange materials positioned in pollut-
ed water attract heavy metal ions.

The invention incorporates an ion
exchange polymer comprised of an alkali
metal or alkaline earth metal salt of a
poly(carboxy!ic acid) in a poly(vinyl alco-
hol) matrix. The mixture may be cast as a
film or extruded as a fiber or granules.
The material is then subjected to an alka-
line aqueous solution of an alkali metal
salt or alkaline earth metal salt. The ion
exchange materials can be cleansed of
the heavy metal ions by various methods
such as acid treatment and then reused.

Previously, contaminated water was
pumped into a holding tank and precipi-
tating agents and flocculating chemicals
were added. The resultant sludge was
removed by settling or filtering, and
buried in a landfill. The polymers devel-
oped by Lewis researchers may allow the
removal of the heavy metal ions without
transferring water between sites.

Lewis has received six proposals for
licensing. The proposed uses include
purification of maple syrup and other
aqueous foods, kits for testing safety of
drinking water, cleaning of drinking water,
and pollution prevention.

Constant Current Loop
Impedance Measuring System
That Is Immune To The Effects
of Parasitic Impedances
Karl F. Anderson
Dryden Flight Research Cenler
Measurements taken during scientific
experiments must be as accurate as
possible. When measuring a characteris-
tic of an environment, it is common to
dispose in the environment a resistor

22

whose resistance varies in proportion
with the characteristic being measured.
This type of resistor is commonly used as
part of a Wheatstone bridge system—a
two-branched voltage diverter network
usually consisting of three fixed resistors
and a variable resistor. The problem with
using a Wheatstone bridge is the exis-
tence of parasitic resistances, which are
due to the connecting wires or additional
components which couple the resistors
together.

The inventor has designed a system for
accurately measuring the characteristic of
an environment so that the measurements
are unaffected by parasitic voltages
caused by parasitic resistances in the sys-
tem. The invention provides a constant
current loop measuring system that pro-
vides linear output, high sensitivity more
than twice that of a Wheatstone bridge,
and a bandwidth that extends to DC.

The current loop circuit technique
enables fewer and smaller lead wires to
serve multi-gauge sensors such as strain
gauge rosettes. Applications for the sys-
tem include highway structures, nuclear
reactors, medical measurements, and
product quality.

Particle Fallout/Activity
Sensor

Curtis M. Ihlefeld, Robert C.
Youngquist, John S. Moerk, and
Kenneth A. Rose 111

Kennedy Space Center

This battery-operated monitor developed by
Kennedy Space Center researchers uses
commercial off-the-shelf components to
provide real-time, continuous monitoring of
particle falloul in sensilive environments.

Detecting and measuring particle fall-
out—such as dust and fibers onto sensitive
payload components—is part of the pay-
load processing procedure at Kennedy
Space Center. The previous method of
indicating the amount and type of particle
contamination was performed with witness
plates placed at selected locations around
the payload components and left for a peri-
od of time to collect particle fallout.
However, this approach allows potentially
destructive contamination to accumulate
over an extended time period. The inven-
tors developed a method of providing real-
time, continuous monitoring of particle fall-

out in cleanroom and processing facilities.

The battery-operated system was
designed using commercially available
components and consists of two parts: a
sensor module and a data acquisition
module. The sensor module is made of
black delrin with an opening in the top
through which dust can fall and settle onto
a test mirror. An infrared LED with a limiting
aperture illuminates a portion of the mirror.
The light is reflected when no dust or
scratches are present. Light is scattered
when it encounters particles or scratches.

The patented invention was used dur-
ing certification of Kennedy's Space
Station Processing Facility last year, and
has been made available for licensing.
Commercial potential for the system
exists in the aerospace, pharmaceutical,
semiconductor manufacturing, and other
industries requiring very low particulate
fallout conditions.

Methods for Using Liquid
Crystal Coatings to Measure
Surface Shear Stress
Magnitude and Determine
Shear Direction

Dr. Daniel C. Reda
Ames Research Center

In flud mechanics and aerodynamic
research, valuable information can be
obtained from visualizing both the outer
flow and surface shear stress patterns
over solid bodies immersed in fluid
streams. Dr. Reda and the Ames team
developed a method for determining shear
direction in which a beam of white light is
directed onto the surface of a liquid crystal
coating (LCC), which disperses it from the
surface in a spectrum having bands of dif-
ferent colors in a fixed spatial sequence.
The magnitude of color change scales
directly with shear stress magnitude.

In order to test the methodology, the
inventors devised an image-based sys-
tem incorporating two opposing-view,
synchronized color video cameras: one
with an oblique, downstream-facing view
of the test surface, and the other with an
oblique, upstream-facing view. Full-sur-
face color images of LCC response to a
3D turbulent wall jet flowing over a planar
surface were acquired. The results are
believed to be the first full-surface shear
stress vector data sets.

For more information on the technolo-
gies described in this article, contact the
NASA field center that sponsored the
research (see page 14).
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Special Focus: Advanced Composites
and Plastics

@ Intraply Hybrid Composites Would Contain Control Strips
Sensors and actuators would be distributed throughout “smart” structures.
Lewis Research Center, Cleveland, Ohio

“Smart” structural components with
sensors and/or actuators distributed
throughout their volumes would be
made of intraply hybrid composite mate-
rials, according to a proposal. At pres-
ent, “smart” composite structural com-
ponents typically contain monolithic sur-
face-bonded or embedded piezoceram-
ic wafers, which limit the strengths of the
composites. Moreover, the piezoceram-
ic wafers are vulnerable to cracking
under concentrated stresses in opera-
tion and under curing pressure during
manufacture. As a result, these compo-
nents are limited to small-scale deflec-
tions and low stresses. The proposed
intraply hybrid composite structural
components are intended to overcome
these limitations.

An intraply composite material would
be similar to an ordinary matrix/fiber
laminated composite, except that some
of the plies, called “control plies,” would
consist of strips of the ordinary com-
posite material interspersed with strips
of a hybrid composite material (see fig-
ure). The hybrid composite material
would contain sensor and/or actuator
fibers (e.g., piezoelectric fibers) mixed
with the ordinary composite fibers.

This work was done by Christos C.
Chamis of Lewis Research Center
and Chi-Yu Shiao of Sverdrup
Technology, Inc. For further information,
write in 62 on the TSP Request Card.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,

Lewis Research Center; (216) 433-2320.
Refer to LEW-15877.

Strips of Hybrid Material
(Control Strips)

Contraction of
Control Strip

STRIPS ACTUATED TO INDUCE BENDING

Induced Moment

Expansion of
Control Strip

Strips of Hybrid Control Material would be interspersed with strips of ordinary (passive)
composite material in some layers, providing a distributed control capability. For example, the
near and far edges of the plate could be bent upward by commanding bottom control strips
to expand and simultaneously commanding the upper control strips to contract.

@ Celsian Glass-Ceramic Matrix Composites
These materials are strong and tough, exhibit low dielectric properties,

and endure high temperatures.

Lewis Research Center, Cleveland, Ohio

Glass-ceramic matrix reinforced fiber
composite materials have been devel-
oped for use in low dielectric applica-
tions, such as radomes. The glass-
ceramic matrix material in a composite
of this type is barium strontium alumi-
na silicate xBaO-(1-x)SrO-Al,0;-2Si0,
[0=x<1], which exists as a monoclinic
celsian phase. The fibers that reinforce
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the matrix are made of a silicon nitride-
based ceramic. These composite mate-
rials offer strength, toughness (see fig-
ure), low relative permittivity, and low
absorption of electromagnetic waves
over a wide temperature range.

The matrix and fibers are thermally
compatible with each other in the sense
that the coefficient of thermal expansion

of the fibers (about 3 x 10-6/°C) nearly
matches that of the matrix (about 2.5 x
10°/°C). Before incorporation into a
composite, the fibers are coated with a
thin (=1 pm thick) layer of one or more
ceramic material(s) that exhibit low rela-
tive permittivity, are thermally stable,
resist oxidation, and serve as a weak
interfacial layer between the matrix and
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Product Designers...
put absorption power in your hands
with a new, super PVA.

/
Use it to absorb, dry, ooat or spread
water, organic solvents, oils, gasoline, bases and most acids.

Introducing PVA—a synthetic, hydrophilic material of polyviny!
alcohol manufactured by a patented process.

PVA has outstanding absorption properties and chemical
compatibility and is extremely durable. Its open¢celled structure
(magnified image at right) delivers su- -
perior absorption in liquid applications. ‘
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materials in speed and volume. Q AT
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shapes, colors, porosities and hardness levels can be produced
to your requirements. Powders can be impregnated into PVA or
secondary operations executed to alter or enhance perfor-
mance. It's also chemically resistant. A wide range of sizes can
be manufactured in sheet, block, tube/roller and custom forms.

Numerous application ideas—for cleaning, wiping, spread-
~ ingor drying in liquid environments. Many applications already
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exist. Example—In a ceramic capacitor line, the PVA roller.
applies a release agent solution onto a casting belt. Coating all
irregular surfaces, the applicator roller spreads solution evenly
and consistently. It's also proven to be durable and long lasting.

B8 Let your imagination roam!
o We'll tell you how PVA works in liquid
environments to help you develop
ideas...using PVA in your products,
devices, machines and systems.

Ask for our sample kit and specifications. Use our Fax For
Facts and get your information fast or call for personal attention.

KANEBO PVA MATERIALS

Sales Division of Shima American Corp.
485 East Lies Road, Carol Stream, llinois 60188
Copyright ©1996—Shima American Corp. USA

FREE Sample Kit and OEM Specs ... . Fax For Facts 708-871-4152 ... Fone For Facts 708-871-8900
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For More Information Write In No. 640



the fibers to impart toughness to the
composite. A suitable interfacial layer
can comprise a sublayer of SizNs over a
sublayer of BN or some other combina-
tion of materials that offer properties
required in a specific application.

A composite of this type can be fabri-
cated, for example, as a two-dimension-
al laminate as follows: A matrix-material
slurry is prepared by ball-milling barium
strontium alumina silicate glass powder
along with a fugitive organic binder, a
plasticizer, a deflocculant, and a surfac-
tant. If x > 0.85 in the desired composi-
tion, then 10 to 20 weight percent of fine
monoclinic celsian seeds can be added
to the slurry. Tows of the coated fibers
are passed through the slurry, then
wound on a takeup drum to allow the
slurry to dry. The sheets are then cut,
stacked, and warm pressed to make a
“green” laminated composite.

The organic materials are burned out
and the composite is consolidated fur-
ther by hot pressing it under vacuum at a
suitable temperature between 1,200 and
1,400 °C. For example, the specimen
shown in the figure was cut from a com-
posite that was pressed at 1,400 °C for
two hours at a pressure of 3.5 kpsi (24
MPa). During hot pressing, the glassy
matrix converts into monoclinic celsian
glass-ceramic.

This work was done by Narottam P
Bansal and James A. DiCarlo of Lewis
Research Center. For further informa-
tion, write in 85 on the TSP Request Card.

This invention is owned by NASA, and
a patent application has been filed.

Inquiries concerning nonexclusive or
exclusive license for its commercial devel-
opment should be addressed to the
Patent Counsel, Lewis Research Center;
(216) 433-2320. Refer to LEW-15714.

This Scanning Electron Micrograph shows a fracture surface of a specimen of glass-ceram-
ic matrix composite material. Note that fibers have been pulled out: this is characteristic of a
tough composite.

@ Rigid-Rod Polyimides
These polymers can be used to make colorless fibers and transparent films.
Lewis Research Center, Cleveland, Ohio

Experimental polyimides that are rela-
tively rigid have been synthesized in an
effort to exploit some of the advantages
of rodlike polymers, while alleviating their
disadvantages. Rodlike polymers are
known for their interesting thermotropic
or lyotropic liquid crystalline behaviors,
and for outstanding performance as
high-strength fibers. However, rigid-rod
polymers are often insoluble in common
organic solvents, which makes them dif-
ficult to process.

The rigid-rod polyimides were made
from 2,2°,6,6"-tetramethylbenzidine
(TMBZ) and various aromatic dianhy-
drides. The polymerization was accom-
plished by reacting TMBZ with an aro-
matic dianhydride in boiling metacresol
for 3 — 4 hours (see figure). The polymers
were precipitated from 95 ethanol with
a fast air stirrer to form colorless poly-
imide fibers, which were dried for 24 h at
125 °C. These polyimides can also be
cast into transparent films for optical
and electronic application.
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X-ray crystal structure of TMBZ
revealed that the two phenyl rings on the
TMBZ molecule were twisted out of a
coplanar conformation (dihedral angle =

79.3°). This noncoplanar conformation
may be a factor contributing to the
enhanced solubility and processability
of these rigid-rod polyimides.

| CHs CH,
g AL 0 + BN<O—< )
1Y o Chg
Dianhydride ™BZ

NH ————

Notes: 1. The following dianhydrides were used:

A

Polyimides With Rodlike Molecules have been synthesized from TMBZ and various dian-

hydrides.
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These rodlike polyimides exhibited
high glass-transition temperatures which
ranged from 306 to 390 °C. They also
displayed a 5 percent weight loss at tem-
peratures varying from 485 to 525 °C by
thermogravimetric analysis under nitro-
gen, which is indicative of excellent
thermal stability.

A dry-jet wet spinning process is cur-
rently under investigation to produce
high-strength fibers from these rigid-
rod polyimides.

This work was done by Kathy C.
Chuang of Lewis Research Center,
James D. Kinder of the National Research
Council, and Diana L. Hull and Wiy J.

Youngs of the University of Akron. No
further documentation is available.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Lewis Research Center; (216) 433-2320.
Refer to LEW-15991.

W AlLO,/SiO, Coats on

Polyimide-Matrix/Carbon-Fiber Composites
These coats increase thermooxidative stability.
Lewis Research Center, Cleveland, Ohio

Experiments have shown that thin
surface coats of silicon dioxide on thin
undercoats of aluminum oxide can
retard the thermooxidative degrada-
tion of polyimide-matrix/carbon-fiber
composite materials. These experi-

coating system was threefold. First, the
Al,O; layer was found to promote
adhesion to a graphite/epoxy compos-
ite substrate. Second, the Al,O; was
known to resist the penetration of oxy-
gen more strongly than SiO, does,

\\
09— S
3 N
\\\\\
\ RS
g 08— NN
b ~\\\?\‘== ———————
R
g 1,500 Al,04/2,000 A SiO, Mt e e
i 0.7 |- — 1,500 A1,04/1,000 A SiO, o L et iy
f=J] H .~ NITE
e 1,500 Al,04/1,500 A SiO, e
----- 2,000 A A1,04/1,500 A SiO, N
g — — — 1,000 Al,0,/1,500 A SiO, e
06 __ __ _ 1s500Asio, =
— - — 1,500 A AL,O, '
—— - — Uncoated
05 1 I 1 I ,‘ l 1 J 1 l 1 l 1
0 50 100 150 200 250 300 - 350
Exposure Time at 380 °C, Hours

Resistance to Thermooxidative Degradation of coated specimens was measured in terms
of fraction of mass retained during exposure at 380 °C. The greatest retention of mass
occurred in the specimen coated with 1,500 A of Al,O; and 2,000 A of SiO..

ments represent an extension and
convergence of two previous lines of
research on protecting substrates
against thermooxidative degradation:
One of these efforts involved coating a
neat polyimide with aluminum oxide;
the other effort involved coating solar
cells with both oxides.

In regard to the latter effort, the moti-
vation for trying this two-oxide-layer
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while SiO, was thought to provide bet-
ter resistance to moisture. Third, the
use of two dissimilar but compatible
materials aids in covering pinhole
defects: the likelihood that an overlayer
will cover pinholes in an underlayer is
greatly enhanced when the two layers
are of different materials.

In experiments to test the feasibility
of the present two-oxide-layer con-

cept, films of Al,Os; and SiO; in various
thickness were formed, by plasma-
enhanced vapor deposition, on sub-
strates made of two different poly-
imide-matrix/carbon-fiber composites.
In one of the composites, the poly-
imide was PMR-15; in the other com-
posite, it was PMR-30. In all cases
except one in which aluminum oxide
was not used, the underlayers were
aluminum oxide and the overlayers
were silicon dioxide. Aluminum tri-iso-
propoxide was used as the source gas
for depositions of Al,Oz; tetraethoxysi-
lane was used as the source gas for
deposition of SiO,. Each of these
gases contains sufficient oxygen to
enable the formation of the respective
stoichiometric material (Al,O; or SiO,)
by pyrolytic and plasma-induced de-
composition, without the need to sup-
ply additional oxygen.

To quantify the protective capabili-
ties of the oxide layers, the coated
substrates were heated to a tempera-
ture of 380 °C and their masses were
measured as functions of time. The
slowest losses of mass (the greatest
resistance to thermooxidative degra-
dation) were observed in specimens
on which the alumina underlayers were
1,500 A thick. Of these, a specimen on
which the silicon dioxide overlayer was
2,000 A thick exhibited the slowest
loss of mass (see figure).

This work was done by Larry M. Miller
and Daniel A. Gulino of Ohio University
for Lewis Research Center. No fur-
ther documentation is available.

Inquiries concerning rights for the
commercial use of this invention
should be addressed to the Patent
Counsel, Lewis Research Center;
(216) 433-2320. Refer to LEW-15993.

(continued on page 32)
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Vespel parts can
handle 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

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 to 550°F),
Vespel should be your first choice. Vespel should



Seal Rings. In the assembly
@ of automobile transmissions, Vespel
seal rings reduce costs by replacing
expensive metal rings, which can fracture or
deform during assembly. They also reduce
warranty costs by producing a better seal.

Insulators. In plasma-arc
cutting torches, Vespel

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

Thrust

Washers.

In farm
tractor transmissions,
Vespel thrust washers
reduce costs and
manufacturing

\J. - V time by eliminating
» : the need for
prm— FORD —4_5_3_0_‘ < secondary

0 machining.

Vespel washers
- 1) also exhibit high
=i performance and
. low wear with limited
or no lubrication.

. In photocopiers,
Vespel composite

idler gear hub bushings are
a cost-effective alternative
1o metal. The Vespel parts
provide ultra-high
temperature resistance and
dimensional stability while
offering a low coefficient of
[riction, as well as long life
without lubrication.

Bushings.
In aircraft
engine

vanes, Vespel
bushings withstand

high-frequency ~ar
vibration dithering IWW ?tnps. ;
and offer excellent \Zi::ll ’te ’t;zurlj[rfrr;l:'z,l

stability and lubricity

at high temperatures. They also reduce assembly time. clip wear strips reduce costs by

eliminating the need for lubrication. They
also improve textile manufacturing quality
by eliminating oil contamination, and

provide good wear and temperature resistance.

also be considered if you have parts Lhat IF YOU WANT TO An'd Vegpgl parts can t?e direct-formed,
rub together, if metal parts are too noisy, | GETTECHNICAL | which eliminates machining costs.
or if fluid flow needs to be controlled. For information, When you consider how cost-effective
; Sabass call 1-B00-4267246. ; A
Superior strength and reliability |orwite DuPontvesper| Vespel parts can be in the long term, it’s
aren’t the only ways Vespel can save you | cfeSfB0eie8 | clear that we don’t just make better
money. Often, you can consolidate two | BleomfieldHils, Mi | bushings, bearings, washers and seals.

e : : 48303-1138.
or more existing parts in one Vespel piece. We make better sense.

Vespel
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(continued from page 28)

@ Zone Directional Solidification of NiAl Composites
Interfacial shear strengths are increased.
Lewis Research Center, Cleveland, Ohio

Zone directional solidification has
been investigated for use in toughening
nickel aluminide matrices in NiAl-ma-
trix/AlL,O; (sapphire)-fiber composite ma-
terials. Toughening is needed because
the nickel aluminide matrices investigated
previously have exhibited minimal ductili-
ty and toughness at low to intermediate
temperatures, whereas greater ductility
and toughness would be required in
practical uses of these composites.

One of the processes for making
nickel aluminide-matrix/sapphire-fiber
composite materials is the pow-
der/cloth process. This process begins
with the preparation of mats of NiAl
powder and organic binders, plus mats
of sapphire fibers and another binder.
The NiAl mats are stacked alternately
with the fiber mats, then the stack is
diffusion-bonded by application of high
pressure and temperature. In another
process, fiber mats are directly coated
with NiAl by arc or plasma spaying, and
then diffusion bonding is performed. In
yet another process, the NiAl matrix is
formed around the sapphire fibers by
vacuum casting.

All three processes yield polycrys-
talline NiAl matrices, whereas the
classes of NiAl-based material that
show most promise for achievement of
low-temperature ductility and tough-
ness are (1) microalloyed single-crystal
NiAl; (2) dual-phase microstructures,
wherein the brittle B phase is surround-
ed by a thin ductile layer of another
phase; and (3) directionally solidified
eutectics. This fact invites speculation
that zone directional solidification

might be a suitable technique for
reprocessing nickel aluminide-matrix/
sapphire-fiber composites to toughen
the NiAl matrices (see figure).

In preparation for experiments to test
this proposition, nickel aluminide-ma-
trix/sapphire-fiber composite speci-
mens with 12 volume percent fibers,
cross sections of 0.25 by 0.4 cm, and
lengths of several cm were made by the
powder-cloth process. Some speci-
mens were also made by the vacuum-
casting process. In each experiment, a
specimen was zone directionally solidi-
fied: The specimen was heated locally to
create a melt zone 0.6 to 0.8 cm long,
that was moved along the specimen at
the optimal melt-zone temperature.

The shear strengths of the fiber/
matrix interfaces in the specimens
were measured by fiber-pushout tests.
The load-vs.-displacement response in
each test was correlated with the inter-
facial fracture behavior by interrupting
the pushout at various stages and
examining the front and back faces of
the specimen by scanning electron
microscopy. These measurements
showed that specimens made by the
powder/cloth process and then zone
directionally solidified had interfacial
shear strengths greater than those of
specimens made by the powder/cloth
process alone. Even greater interfacial
shear strength was observed in speci-
mens made by vacuum casting fol-
lowed by zone directional solidification.
It has been conjectured that gaseous
microporosities in the powder/cloth +
zone directionally solidified specimens

Fibers in Polycrystalline Matrix
Material With Equiaxed Grains

et el
Fibers in Directionally Solidified Matrix
Material With Grains Elongated Along Fibers

Zone Directional Solidification shows
promise as a technique for toughening NiAl
matrices of NiAl-matrix/Al,O5-fiber com-
posites.

exert a weakening effect and that the
greater strength of the vacuum cast +
directionally solidified specimens can
be attributed to absence of gaseous
microporosities in these specimens.
Thus, it appears that vacuum casting
and zone directional solidification should
be investigated further to optimize me-
chanical properties of nickel aluminide-
matrix/sapphire-fiber composites.

This work was done by Randy R.
Bowman of Lewis Research Center,
Surendra N. Tewari of Cleveland State
University, and Rajesh Tiwari and Rajiv
Asthana of the National Research
Council. No further documentation is
available.

Inquiries concerning rights for the
commercial use of this invention
should be addressed to the Patent
Counsel, Lewis Research Center; (216)
433-2320. Refer to LEW-16009.

@ Computing Fiber/Matrix Interfacial Effects in SiC/RBSN

An application of the boundary-element method is described.
Lewis Research Center, Cleveland, Ohio

A computational study was conducted
to demonstrate the use of the boundary-
element method in analyzing the effects
of the fiber/matrix interface on the elastic
and thermal behaviors of representative
laminated composite materials. The
boundary-element method is a numeri-
cal-simulation method that has been
used previously to analyze the elastic and
thermal behaviors of laminated compos-
ite materials with perfect bonding at the
micromechanical scale. In this study, the
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boundary-element method was imple-
mented by the Boundary Element
Solution Technology — Composite
Modeling System (BEST-CMS) computer
program. The composite materials in this
study comprised 30 volume percent of
silicon carbide fibers in reaction-bonded
silicon nitride (RBSN) matrices. BEST-
CMS was used to compute the effective
tensile moduli and Poisson’s ratios and
effective directional thermal conductivi-
ties. The computed values of these phys-

ical properties were found to approach
experimental values when appropriate
interface conditions are considered.

This work was done by Robert K.
Goldberg and Dale A. Hopkins of Lewis
Research Center. No further docu-
mentation is available.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Lewis Research Center; (216) 433-2320.
Refer to LEW-16012.
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Electronic Components
and Circuits

Ultrastable Multigigahertz Photonic Oscillator

Oscillations are generated photonically, then converted to electronic form.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

A novel photonic oscillator is being
developed to serve as an ultrastable
source of microwave and millimeter-
wave signals. In this system, the oscilla-
tions would be generated photonically,
then converted to electronic form. The
system would include a self-mode-
locked semiconductor laser that would
produce a stream of pulses, which

would be detected and fed back to
the laser as input. The system would
also include a fiber-optic-delay-line
discriminator, which would detect
fluctuations of the self-mode-locking
frequency and generate an error signal
that would be used in a negative-feed-
back loop to stabilize the pulse-repe-
tition frequency.

Radio-Frequency
Modulator

%dc Bias

Semiconductor Laser

SEMICONDUCTOR LASER WITH EXTERNAL CAVITY AND ACTIVE MODE LOCKING

Phase Detector

Error Signal
dc Bias
Control Circuit é
and Piezoelectric
Translator * | I
Lens

o Radio Frequency
Output

X<
A

- Photodiode 1

Lens

Fiber-Optic
(/XY\Delay Line
i

Semiconductor
Laser

—t

P
v

Photodiode 2

Beam Splitter

ULTRASTABLE PHOTONIC OSCILLATOR

A Semiconductor Laser can be actively mode-locked by use of an externally supplied mod-
ulating signal. Alternatively, it could be self-mode-locked by use of its own output pulses, in
which case it would act as a photonic (more precisely, photonic/electronic) oscillator and fre-

quency multiplier.
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The principle of operation of the sys-
tem is based on that of the actively
mode-locked external-cavity semicon-
ductor laser shown in the top part of the
figure. The difference Fcay, between the
frequencies of successive longitudinal
waveguide modes of the laser is given
by Feay = €/2L, where c is the speed of
light and L is the length of the laser cav-
ity. Typically, Fcay Of an isolated semicon-
ductor laser is of the order of several
hundred gigahertz, but it can be lowered
into the microwave range by putting an
antireflection coat on one of the laser
facets and using an external mirror as a
laser facet positioned to increase L to
the desired value.

When the laser gain is modulated at a
frequency of Fcy by application of a
sinusoidal or otherwise shaped drive
signal, the laser modes become strong-
ly coupled and phase-locked: this is
what is meant by “active mode locking.”
The output in the case of active mode
locking is a train of optical pulses that
are ultrashort (typically 1 to 10 ps in
duration). By detecting these pulses
with a fast photodiode, one obtains an
electrical signal that contains the funda-
mental mode-locking frequency and
many harmonics that typically extend
well beyond 100 GHz. Thus, a mode-
locked semiconductor laser can be
used as a microwave and millimeter-
wave oscillator and frequency multipli-
er. Furthermore, one can take advantage
of its optical output to use a fiber-optic-
delay-line stabilization scheme.

The developmental system, illustrated
in the lower part of the figure, would
include a mode-locked semiconductor
laser like the one discussed above.
However, an external electrical drive sig-
nal would not be used: Instead, part of
the laser output would be fed to a pho-
todetector, and part of the pulsed elec-
trical output of the photodetector would
be fed back to the laser as mode-lock-
ing modulation. Thus, the system would
internally generate a mode-locking sig-
nal; that is, its output would be self-
mode-locked.

For stabilization, part of the laser out-
put would be fed through a fiber-optic
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delay line and a phase shifter to a sec-
ond photodetector. The output of the
second photodetector and part of the
output of the first photodetector would
be fed to a phase detector, which would
put out an error signal indicative of the
difference between the phases of the
electrical photodetector outputs—a
measure of the fluctuation in phase
during the delay period. The error sig-

nal would be used as a feedback con-
trol signal for a piezoelectric transla-
tion stage to adjust the position of the
mirror to stabilize the phase and fre-
quency of the electrical output.

This work was done by Ronald T.
Logan, Jr, of Caltech for NASA's Jet
Propulsion Laboratory. For further
information, write in 41 on the TSP
Request Card. NPO-19190

Thin, Large-Area Positive
Electrodes in Na/NiCl, Cells

Greater power densities should be achievable,
without compromising on energy densities.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

Thin, larger-area, noncylindrical posi-
tive electrodes have been investigated
for use in place of smaller-area, cylindri-
cal positive electrodes now used in
Na/NiCl, high-temperature recharge-
able electrochemical cells and batteries.
The proposed electrodes should help to
increase overall power densities of the
cells and batteries.

An Na/NiCl; cell comprises a molten
sodium anode (the negative electrode), a
separator made of B” alumina (a solid

electrolyte for Na” ions), a molten sodi-
um tetracholoroaluminate electrolyte,
and an NiCl, cathode (the positive elec-
trode). In a cylindrical configuration,
polarization losses at the cathode limit
the achievable power density. The opti-
mum thickness of an NICl, electrode
has been estimated to be 4 mm; at
greater thickness, diffusional loss sets
in, while at lesser thickness, overall
energy density decreases. Between
these constraints, it may be difficult to
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These Charge and Discharge Curves were measured on an Na/NiCl, cell with a spiral-
wound Na/NiCl, sheet electrode fabricated with a binder of EPDM prior to sintering. C1
denotes the first charge at a current of 75 mA, D1 the first discharge at 75 mA, C2 the sec-
ond charge at 50 mA, and D2 the second discharge at 75 mA. With optimization of design,
it should be possible to achieve high efficiencies at rates of charge and discharge much

greater than these.
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achieve reasonable energy density in an
Na/NiCl, cell. The thin, large-area,
noncylindrical NiCl, electrodes were
conceived in an effort to overcome
these limitations; that is, to achieve
higher power densities with no com-
promise on energy densities.

An NiCl, electrode of this type is first
fabricated as a flat sheet. In preparation,
NiCl, powder is mixed with an organic
binder and a suitable solvent; for exam-
ple, ethylene propylene diene monomer
(EPDM) dissolved in cyclohexane or
polytetrafluoroethylene (PTFE) emulsi-
fied in a suitable solvent. The solid/lig-
uid mixture is brushed, rolled, or
spread with a doctor’s blade onto an
expanded nickel screen. The coated
screen is sintered, causing the binder

to decompose and vaporize.

The resulting NiCl, electrode sheet is
then wound into a spiral or folded into a
corrugated shape and placed inside a B”
alumina separator tube. The sodium
negative electrode surrounds the B”
alumina tube in this configuration.
Alternatively, (especially in the spiral-
wound case) the NiCl, electrode can be
placed on the outside of the tube and the
sodium on the inside.

The ratio between geometric sur-
face area and charge capacity of NiCl,
electrodes of this type is about 85
cm?/Ah, as compared to 25 cm®/Ah for
older cylindrical NiCl, electrodes.
These electrodes exhibit conversion
efficiencies as high as 98 percent, as
illustrated by the data plotted in the

figure. The ohmic and diffusional com-
ponents of polarization loss at these
electrodes are significantly less than
those of cylindrical NiCl, electrodes.
Accordingly, these electrodes are ex-
pected to be capable of greater rates
of charge and discharge.

This work was done by Ratnakumar
Bugga, Alan Attia, and Gerald Halpert of
Caltech for NASA’s Jet Propulsion
Laboratory. For further information,
write in 3 on the TSP Request Card.

This invention is owned by NASA, and
a patent application has been filed.
Inquiries concerning nonexclusive or exclu-
sive license for its commercial develop-
ment should be addressed to the Patent
Counsel, NASA Resident Office—JPL;
(818) 354-5179. Refer to NPO-19178.

Infrared Detectors Containing Stacked

Si,_,Ge,/Si Layers

Relatively strong photoresponses are observed at wavelengths of 2 to 20 pm.
NASA's Jet Propulsion Laboratory, Pasadena, California

Long-wavelength-infrared detectors
containing multiple layers of high-qual-
ity crystalline p* Si_Ge, alternating
with layers of Si are undergoing devel-

opment. Each such detector compris-
es a stack of Si;_,Ge,/Si heterojunc-
tion internal photoemission (HIP)
photodetectors. In comparison with

p~ Si Substrate

Incident Infrared Photons

Electron Energy

CROSS SECTION OF DETECTOR

Undqped p* SiGe

Photoexcited Holes

Si Substrate

Depth
ENERGY-BAND DIAGRAM

Figure 1. Multiple Thin Layers of p* Si,_,Ge, provide for external quantum efficiency greater
than that of a similar photodetector containing a single, thicker layer of Si;_,Ge,.

36

older HIP detectors containing single
Si,_.Ge,/Si heterojunctions, the devel-
opmental detectors feature greater
quantum efficiencies and thus strong-
er photoresponses.

The detection mechanism involves
infrared absorption in each p* Si;_Ge,
layer, mainly through absorption of pho-
tons by free charge carriers, followed by
internal photoemission of photoexcited
holes over the Si;_,.Ge,/Si heterojunction
barrier and into a Si substrate. The cut-
off wavelength can be tailored, over a
range of about 3 to 30 um, by changing
the proportion, x, of Ge and the doping
concentration in the Si;_Ge, layer.

The external quantum efficiency of
a single-heterojunction HIP detector
is a product of the absorption in the
Si;_,Ge, layer and the internal quantum
efficiency, which is defined as the ratio
between the number of collected holes
and the number of photoexcited holes.
The internal quantum efficiency is
limited by inelastic hole/hole and hole/
phonon scattering and by the number
of holes redirected from the Si;_.Ge,/air
interface to the Si,,Ge,/Si interface.
Reducing the thickness of the Si;_,Ge,
layer increases the internal quantum
efficiency because photoexcited holes
then undergo less inelastic scattering.
However, reducing the thickness of the
Si;,Ge, layer also reduces the number
of photons absorbed. Thus, the optimal
thickness of the Si,_,Ge, layer is a com-
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promise between absorption and inter-
nal quantum efficiency.

In the present multiple-layer detec-
tors, high internal quantum efficiency
is achieved, without loss of absorption
of photons, by incorporating thin mul-
tiple absorbing Si,.,Ge, layers stacked
between Si barriers (see Figure 1). By
virtue of its thinness, each individual
Si,_,Ge, layer has high internal quantum
efficiency. The absorption from each
Si,,Ge, layer contributes to the total
absorption. Furthermore, an electric
field is applied across the stack, toward
the Si substrate, so that photoexcited
holes initially traveling in the opposite
direction are redirected toward the Si
substrate: this further increases the
internal quantum efficiency.

P (T R R PR RN SR, IS SN

0 5 10 15 20
Wavelength, um

Figure 2. The Quantum Efficiency of a pro-
totype Siy;Geys/Si detector containing three
layers of Si;;Gegs was measured at a tem-
perature of 30 K and a bias of -0.5 V (posi-
tive to the top-side Si;;Geg ).

Prototype Si,;Gey4/Si detectors con-
taining three layers of Si, ;Ge,; were fab-
ricated by low-temperature molecular-
beam epitaxy, with boron doping of the
Sio_7Ge03 toa concentration of about 4 x
10 atoms/cm®, The doped Siy;Gegs
layers were <50 A thick; the undoped Si
layers were =300 A thick. Figure 2 shows
the photoresponse spectrum of one of
these detectors in terms of external
quantum efficiency.

This work was done by Jin S. Park,
True-Lon Lin, Eric Jones, Hector Del
Castillo, and Sarath Gunapala of Caltech
for NASA’s Jet Propulsion Laboratory.
For further information, write in 37 on
the TSP Request Card.

NPO-19311
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Suppressing the Growth of Dendrites in Secondary Li Cells
High-current intermittent discharge pulses would be superimposed on charging currents.
NASA's Jet Propulsion Laboratory, Pasadena, California

A proposed technique for suppress-
ing the growth of lithium dendrites in
rechargeable lithium electrochemical
power cells involves the periodic inter-
ruption of steady charging current with
short, high-current discharge pulses
(see Figure 1). This technigue should be
applicable to lithium cells of several dif-
ferent types, including Li/TiS,, Li/NbSes,
Li/CoO,, Li/MoS,, Li/VO,, and Li/MnO..

These cells are candidates for use
in spacecraft, military, communications,
automotive, and other applications in
which high-energy-density recharge-
able batteries are needed. However,

Figure 1. Short, High-Current Discharge
Pulses would periodically interrupt the
steady charging current.

the practical use of these cells has
been inhibited by the danger and the
limitations on charge/discharge cycle
lives that arise in connection with the
growth of dendrites during charge/dis-
charge cycles. Because of uncontrol-
lable factors that include surface inho-
mogeneities, impurities, and the low
overpotential for electrodeposition of
lithium, dendrites grow outward from
anodes, eventually reaching across to
cathodes and thereby short-circuiting
the affected cells.

As shown in Figure 2, the distribution
of electrical current in a cell is uneven,
the current density being greater at the
tips of dendrites than on the relatively
flat surrounding anode surface. The
proposed technique would exploit this
characteristic: The higher current den-
sity at the tips of the dendrites would
cause the dendrites to be stripped
out much faster if a constant-current
charge were interrupted by high-current
discharge pulses. The growth of den-
drites during charge would thus be
suppressed by intermittent dissolution.

This work was done by Evan D.
Davies, David E. Perrone, and David H.
Shen of Caltech for NASA’s Jet
Propulsion Laboratory. For further
information, write in 40 on the TSP
Request Card. NPO-19328

DISTRIBUTION OF CURRENT DURING
ORDINARY STEADY CHARGE

DISTRIBUTION OF CURRENT DURING
HIGH-CURRENT DISCHARGE PULSE

Figure 2. The Relative Current Density Is
Larger at the tips of dendrites than it is else-
where, and would be even larger during the
high-current discharge pulses.

Wideband, High-Input-Impedance

Buffer Amplifier

Input impedance is essentially resistive over a wide range of frequencies.
Goddard Space Flight Center, Greenbelt, Maryland

The figure illustrates an improved
buffer amplifier that offers a high input
impedance to a signal source. This
buffer amplifier differs from older buffer
amplifiers in that its input impedance
remains high, relatively constant, and
essentially resistive over a wide range
of frequencies: An input-impedance-
versus-frequency characteristic like
this one is essential for minimizing
distortion of a signal that includes
components distributed over a wide
frequency range and that originates in
a sensor or other source that has vari-
able impedance.

Operational amplifier 1 is connected
in a voltage-follower configuration and
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driven by a source voltage v, through
source impedance Rs. Capacitor C; is
drawn, for convenience of analysis, as
though it represented a separate exter-
nal capacitor, but actually it represents
the interelectrode capacitance of opera-
tional amplifier 1. This capacitance in
this configuration gives rise to a well-
known single-pole gain-versus-frequen-
cy response that includes an input
impedance characterized by negative
conductance at frequencies above the
frequency (the “-3-dB” frequency) at
which the gain has decreased to 272*
the gain at zero frequency.

Resistance R; connected between
the inverting- and noninverting-input ter-

minals is chosen equal to the reciprocal
of [C, x the gain-bandwidth product of
the gain-vs.-frequency response]; this
causes the net input conductance at
high frequencies to be zero. Thus, at
high frequencies, the net input imped-
ance is a pure capacitive reactance
attributable to C;, plus a very high
input resistance.

This input capacitive reactance is then
eliminated by the following arrange-
ment: The output of operational ampli-
fier 1 is fed to the noninverting input ter-
minal of operational amplifier 2. The
output of operational amplifier 2 is fed
back, via capacitor C,, to the noninvert-
ing-input terminal of operational ampli-
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fier 1. When operational amplifier 2 is
combined with suitably chosen values of
C, and of resistances R, and Rs;, the
resulting combination exhibits an input
impedance equal to the negative of the

license for its commercial development
should be addressed to the Patent

Counsel, Goddard Space Flight Center;
(301) 286-7351. Refer to GSC-13571.

2 ) VWA VA
capacitive reactance of C,;. Consequen- v R, Ry
tly, the net input reactance is zero and ) J___ c -
the input impedance presented to the . ' i  Out
signal source consists solely of a very Vin ’-W;'\v‘ - ) Opemﬁm:a Amplifier 2
high resistance. 3 Operational Amplifier 1 L
This work was done by Leonard r
Kleinberg of Goddard Space Flight G

Center. For further information, write in
25 on the TSP Request Card.

This invention is owned by NASA, and a
patent application has been filed. Inquiries
concerning nonexclusive or exclusive

In this Wideband, High-Input-Impedance Buffer-Amplifier Circuit, the values of R,, C;, R,,
and R; are chosen (in conjunction with given interelectrode capacitances and gain-bandwidth
characteristics of the operational amplifiers) to obtain zero net effective input capacitance,
with consequent high input impedance and a flat gain-vs.-frequency response, over a wide
range of frequencies.

Lower-Thermal-Conductivity Tapes for Tape
Automated Bonding

These tapes are better for electronic circuits that operate with substantial
temperature gradients.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

Foils of manganin (87 percent copper,
13 percent manganese) can be substi-
tuted for the copper foils that ordinarily
serve as the electrical conductors on the
tapes used in tape automated bonding
(TAB) in electronic circuits. This modifi-
cation makes it possible to apply TAB
technology to circuits in which substan-
tial gradients of temperature exist under
design operating conditions.

With appropriate surface treatment, a
manganin foil can be bonded to a poly-
imide tape with an acrylic adhesive. After
lamination, the conductive pattern of
interconnections for the specific circuit is
etched in the foil. This TAB processing
involves the same photomasking and
etching techniques as are used with
copper conductors.

The reason for using manganin is that
its thermal conductivity is low relative to
that of copper. Low-thermal-conductivi-
ty electrical interconnections are needed
to minimize the spurious transfer of heat
from warmer components to colder
components. Examples of colder com-
ponents include cooled infrared pho-
todetectors and superconducting de-
vices; the corresponding warmer com-
ponents are the associated signal-pro-
cessing and switching circuits.

Heretofore, low-thermal-conductivity
electrical interconnections have been
made, variously, by manual wiring or
interconnection with low-thermal-con-
ductivity flexible cables. Both of these
conventional techniques are more labor-
intensive than is TAB, and neither can
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provide interconnection density as great
as that afforded by TAB. Other advan-
tages of TAB technology include high re-
liability, automated assembly, and auto-
mated testing.

This work was done by Erick T. Young
and Michael J. Scutero of the University of
Arzona for NASA's Jet Propulsion Lab-
oratory. For further information, write in
53 on the TSP Request Card. NPO-19449
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Fault-Tolerant Flight Computer

The surviving one of two processors would assume the computational

load of both processors.

NASA’s Jet Propulsion Laboratory, Pasadena, California

The figure schematically illustrates
a general design concept for an adap-
tive, fault-tolerant flight computer.
Originally intended for application to a
flight computer of a spacecraft on a
scientific mission to Pluto, the concept
should also be applicable to other
computing systems that are required
to tolerate faults and in which partial
loss of processing speed or func-
tionality is an acceptable price to pay
for continued operation in the event
of faults.

In the absence of a fault, the com-
puter would operate almost as though
it were two separate computers, with
processor 1 attending only to inputs
and outputs exchanged with equip-
ment system 1 and processor 2 similar-
ly attending only to inputs and outputs
exchanged with equipment system 2.

[In the original spacecraft application,
equipment system 1 would comprise
the power, telecommunication, and
other engineering subsystems of the
spacecraft, while equipment system 2
would comprise the scientific instru-
ments and supporting equipment.]
Upon detection of a fault in either
processor, the surviving processor
would assume the responsibility for
both equipment systems. This would
be possible because of cross-strapping
between the processors, memories,
and input/output units. During normal
operation, each processor would have
access to its own memory. As soon as
a fault was detected in one of the pro-
cessors, the surviving processor would
be given access to the memory of the
failed processor. The fault-recovery
software of the surviving processor

( Fault-Tolerant Computer )
Memory Memory
[ |
|
Processor 1 Processor 2
1
[ |
Input/Output Unit Input/Output Unit
Noncritical Critical Critical  Noncritical
R A A A A A A e

Cross-Strapping between memories, processors, and input/output blocks would enable the
computer to recover from a fault in one of these units and thus continue to operate, albeit at

reduced functionality.
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would immediately retrieve the informa-
tion about the process states and data
structures from the memory of the failed
processor and would incorporate this
information into its own control struc-
ture. The surviving processor could con-
tinue to use both memories as long as
they remained free of faults. The failed
processor would also be blocked from
access to its own memory.

In the absence of any faults, all of the
inputs and outputs of equipment sys-
tem 1 or 2 would be routed only to
processor 1 or 2, respectively. Upon
detection of a failure in one processor,
all inputs and outputs would be routed
to the surviving processor, and the
failed processor would be blocked from
access to the input/output blocks.

If a major failure occurred in one of
the memories, its processor would have
to relocate or reestablish all of its control
information and engineering or scientific
data in the surviving memory. To simpli-
fy the process, each memory could
include a portion reserved to accommo-
date the data from the failed memory.
However, inevitably, some data would
be lost unless a large area in each
memory were reserved for recovery
from failure of the other memory.

It is important to note that the input
and output blocks would be only partly
fault-tolerant in that only the critical
inputs and outputs would be duplicat-
ed; the noncritical ones would not be
duplicated. This reduction in fault toler-
ance would enable a reduction in the
mass, power, and connectivity of the
input/output blocks. Thus, if one of the
input/output blocks failed, all of the crit-
ical inputs and outputs would still be
routed to the processor(s), but the non-
critical inputs and outputs of the equip-
ment system connected to the failed
input/output block would be lost.

This work was done by Savio Chau
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information,
write in 1 on the TSP Request Card.
NPO-19675
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Improved Closed-Loop Carrier-Phase
Synchronization in BPSK

A scheme motivated by the maximum-likelihood approach appears
to offer advantages over other well-known schemes.

NASA’s Jet Propulsion Laboratory, Pasadena, California

A proposed scheme for synchroniza-
tion with the phase of a received carrier
signal modulated by binary phase-shift
keying (BPSK) in the presence of addi-
tive white Gaussian noise (AWGN) has
been selected from among several can-
didate schemes as one that theoretical-
ly offers the possibility of improved per-
formance. This and the other candidate
schemes that were studied theoretically
follow a likelihood-function approach to
the estimation of the carrier phase, as
explained below. This approach in-
volves, among other things, utilization of
the power in the data-modulation side-
bands to improve the carrier-phase-
tracking performance over that obtain-
able by using the carrier signal alone.

In a likelihood-function approach to
the estimation of the carrier phase (6),
the optimum estimate is deemed to be
that assumed value of 6 that maximizes
a conditional probability density function
q(6). At this optimum point, dq(6)/d6é = O;
near this point, dq(6)/d@ provides an
indication of the difference between the
assumed value of g and the optimum
value. Thus, dq(6)/dé or a monotonic
function of this derivative could be used
as an error feedback signal in a closed-
loop estimation scheme.

More specifically, the proposed
scheme (see figure) follows a maximum-
likelihood approach in which the compu-
tation of q(6) involves consideration of all
possible binary data sequences that
could have been received during an
observation time of L symbol periods
and the selection of the sequence that
yields the best match to the noise-cor-
rupted received signal received during
that time. The received signal is repre-
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sented by r(t) = (2S)"“d(t)sin(ewt+6) + (D),
where S is the received power, t is time,
d(t) = £1 is the binary data signal of sym-
bol period T, wis the carrier angular fre-
quency, and n(t) is the AWGN with sin-
gle-sided power spectral density N. The
conditional probability-density function
in the proposed scheme is
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tion. The error signal is then given by
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Theoretical calculations have shown
that when properly optimized, this
scheme could potentially exhibit mean-
square-phase-error performance su-
perior to that of other maximum-like-
lihood schemes and average-likeli-
hood schemes.

This work was done by Marvin K.
Simon, Haiping Tsou, and Sami M.
Hinedi of Caltech for NASA’s Jet
Propulsion Laboratory. For further
information, write in 16 on the TSP
Request Card. NPO-19377

Fiber-Optic Link for Transmission of a Reference Frequency
The design emphasizes maintenance of stable frequency despite changes in temperature.
NASA’s Jet Propulsion Laboratory, Pasadena, California

The figure schematically illustrates a
fiber-optic link for transmission of a high-
ly stable 100-MHz reference-frequency
signal to a receiver at a distance of
about 700 m from the source of the sig-
nal. In the original application for which
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this fiber-optic link was designed, the
source of the signal is a hydrogen maser
in a controlled environment in a signal-
processing facility, and the receiver is
located on an outdoor antenna of the
Deep Space Network, where the ambi-

ent temperature varies widely. Similar
fiber-optic links could be used to trans-
mit stable reference-frequency signals in
other applications in which variations in
temperature could otherwise potentially
cause variations in signal-propagation
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times and thereby cause undesired vari-
ations in frequency.

The use of a fiber-optic link to transmit
a radio signal as modulation on an opti-
cal carrier signal is not new. For example,
this concept was described previously in
“Diplex Fiber-Optic Link for Frequency
and Time Signals” (NPO-18180), NASA
Tech Briefs, Vol. 15, No. 6 (June, 1991),
page 39 and “Improved Microwave
Fiber-Optic Link” (NPO-19007), Laser
Tech Briefs, Vol. 3, No. 1 (February,
1995), page 19. What is new in the pres-
ent application is the specific design, in
which the emphasis is on ensuring sta-
bility of the radio frequency delivered at
the output end of the optical fiber and,
more particularly, minimizing the effect
of variations in ambient temperature on
the delivered radio frequency.

At the transmitter, the 100-MHz refer-
ence signal is used to modulate the
intensity of a temperature-controlled, sin-
gle-mode, distributed-feedback laser
diode operating at a wavelength of 1,310
nm. Before entering the optical fiber, the
output laser beam passes through two
optical isolators, which are installed to
prevent back reflections from degrading
the laser performance. Slant-polished
fiber-optic connectors at the transmitter
and receiver also help to reduce reflec-
tions. Typically, the optical loss between
the transmitter and receiver is less than
1 dB, and the signal arrives at the receiv-
er with ample intensity margin.

The optical fiber is a commercial fiber
that has been specially treated to reduce
the temperature coefficient of signal-
propagation delay to < 107%/°C at tem-
peratures up to 35 °C. As much of the
optical fiber as possible is buried in the
ground at a depth of 1.5 m, where
seasonal, but not diurnal variations in
temperature are observed. Only about
70 m of the fiber at the receiver end is
exposed to the full variation of ambi-
ent temperature.

In the receiver, the optical signal is
attenuated to prevent overdriving a pho-
todetector, which converts the intensity
modulation of the laser light back into
a 100-MHz electrical signal. The radio
signal is then processed through a low-
noise amplifier, followed by a low-pass
filter that mitigates the effects of
nonlinear responses of the laser diode
and photodetector. The signal is then
distributed to local equipment via low-
noise radio-frequency power amplifiers
that provide 100 dB of isolation between
output ports.

The receiver circuitry is housed in a
shielded box to prevent stray electro-
magnetic fields at radio and lower fre-
quencies from corrupting the 100-MHz
signal. Variations in the temperature of
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the receiver are reduced to 1/50 the vari-
ations in ambient temperature by a tem-
perature-control apparatus that com-
prises a Peltier device, temperature sen-
sor, and temperature-control circuit. The
Allan deviation of the delivered radio
frequency (a measure of its relative
instability), as computed from measure-
ments of frequency for observation times
of the order of thousands of seconds,
was found to be about 2 x 107"°,

This work was done by Malcolm D.
Calhoun and Paul F. Kuhnle of Caltech
for NASA’s Jet Propulsion Laboratory.
For further information, write in 76 on
the TSP Request Card. NPO-19083
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A Fiber-Optic Link 700 m long delivers a 100-MHz reference-frequency signal via amplitude
modulation of an optical signal. Temperature control is used in the transmitter and receiver,
and the optical fiber has a low temperature coefficient of delay.

System for Characterizing Three-Phase

Brushless dc Motors

Tedious measurement and calculation procedures are automated.

Marshall Space Flight Center, Alabama

A system of electronic hardware and
software has been developed to auto-
mate the measurements and calcula-
tions that are needed to characterize the
electromechanical performances of
three-phase brushless dc motors, the
associated shaft-angle sensors needed

for commutation, and the associated
brushless tachometers. The system
quickly takes measurements on all three
phases of a motor, tachometer, and
shaft-angle sensor simultaneously and
processes the measurements into per-
formance data. Previously, it was neces-

sary to take measurements on one
phase or pole at a time and to perform
calculations based on those measure-
ments in a tedious and time-consuming
manual procedure that yielded results of
doubtful accuracy. Because it auto-
mates and accelerates the motor-testing
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process and provides more accurate
performance data, this system is a proto-
type of systems that could also be useful
in the development and testing of motors
with not only three phases but also two
phases and four or more phases.

The hardware portion of the system
(see figure) includes a microcontroller
and an RS-232 interface from the micro-
controller to a personal computer. The
personal computer is used to display
options and issue commands to the
microcontroller, make calculations on the
data received from the microcontroller,
and display the results.

In the normal mode of operation, an
auxiliary motor is used to turn the motor
under test at a suitable speed within the
signal-processing capability of the micro-
controller. Differential amplifiers sense the
voltages between the terminals of the
phases of the motor, tachometer, and
shaft-angle sensor. These voltages are
denoted Va, Vie, and V., where the sub-
scripts denote phases a, b, and c¢. In this
example, the shaft-angle sensor com-
prises three Hall-effect devices.

The outputs of the differential ampli-
fiers are conditioned by squaring and
level-conversion circuits to obtain sig-
nals that are compatible with transistor-
transistor logic (TTL) circuitry and that
exhibit level transitions between their
logic levels at times that correspond to
the zero crossings of the corresponding
sensed voltages. These signals are fed to
one set of input terminals of a program-
mable-logic device, while command-
logic signals called “mux0,” “mux1,” and
“mux2” are fed from the microcontroller
to another set of input terminals.

The programmable-logic device puts
out three logic signals called “IC1," “IC2,"
and “IC3," which constitute a combina-
tion of some of the TTL zero-crossing
signals described in the preceding para-
graph. Depending on the logic states of
the “mux” commands, the combination
is one of the following:

* motor Vs, motor Vi, and motor Veg;
e tachometer V,, tachometer V,., and

tachometer V..;

e Hall Vg, Hall Vi, and Hall Vg,

e motor V,, tachometer Vy, and Hall V;

* motor V.., tachometer V., and Hall Vy;
or

® motor V,,, tachometer V.., and Hall V.

Thus, by use of the microcontroller,
one can select any of these combina-
tions for further processing to determine
the relative timing of the various motor,
tachometer, and Hall voltages.

Another output of the programmable-
logic device causes a light-emitting diode
(LED) to be latched on whenever unal-
lowable Hall-effect-device state occurs
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and lasts for more than about a
nanosecond. An unallowable state is
defined as one in which the logic states
of the outputs of all three Hall-effect
devices are simultaneously high or si-
multaneously low.

The system includes a subsystem in
which each of the three motor voltages
and three tachometer voltages [the
back-electromotive force (EMF) signals]
are squared, and these squared voltages
are summed. This is done to take advan-
tage of the trigonometric identity
K{sin(@)° + [sin(@ + 120% + [sin(6 +
240°)°}) = (3/2)K°, where 6 is a phase
angle that, in this case, represents the

instantaneous shaft angle, and k, in this
case, is the amplitude of the back-EMF.
Thus, at least theoretically, the sum of the
squared voltages equals a constant value
of (3/2)k? (provided that the motor speed
is constant). The value of k obtained from
this process can be used in calculating
the back-EMF and torque constants of
the motor.

Any ac ripple in the sum of the squared
voltages about a theoretical steady value
of (3/2)k* can indicate an imperfection in
the motor or drive circuitry; for example,
that the amplitudes of the three motor
voltages are unequal, that the three volt-
ages are not phased 120° apart, or that

-
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at least one of these voltages is not truly
sinusoidal. Accordingly, the outputs of
the summing circuits are fed to ac cou-
plers followed by peak detectors for
measurement of the ac ripple.

This work was done by David E.
Howard and Dennis A. Smith of
Marshall Space Flight Center. For fur-
ther information, write in 91 on the TSP
Request Card.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Marshall Space Flight Center; (205) 544-
0021. Refer to MFS-31029.

Rollback Hardware for Time Warp Multiprocessor Systems
This hardware helps to realize the speedup potential of parallel processing.
NASA’s Jet Propulsion Laboratory, Pasadena, California

A Rollback Chip (RBC) module is a
computer circuit board that contains
special-purpose memory circuits for use
in a multiprocessor computer system.
The RBC modules are designed to help
realize the speedup potential of parallel
processing for simulation of discrete
events by use of the Time Warp operat-
ing system developed at NASA's Jet
Propulsion Laboratory.

The Time Warp algorithms accelerate
object-oriented simulation of discrete
events by providing a synchronization
protocol for multiprocessor computer
systems. Time Warp divides a simulation
into multiple objects running on separate
nodes that schedule events for each
other. Events are scheduled for particu-

NEW in
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*12 new manufacturers
» Over 50% more data

lar virtual times, and these events must
be executed in the correct order. Time
Warp is optimistic, and always runs each
event at the earliest virtual time on each
of its parallel nodes. If an event (mes-
sage) from one node arrives in the simu-
lated past at another node, Time Warp
rolls back the object in question to the
appropriate time to correctly simulate a
new version of the event. In order to
make it possible to roll the state of an
object back to a previous virtual time, it
is necessary to save copies of previous
states of the object (as represented by
collections of variables attributed to the
object at various times).

The synchronization, communication,
and state-saving overhead needed for

rollback and recovery can be so large
as to negate the speedup theoretically
afforded by parallel processing. To re-
lieve a multiprocessor system of much
of this overhead, an RBC module is
installed in each processor. From the
perspective of a simulation object or
process, an RBC looks like an ordinary
state memory, except that it keeps
copies of each variable for multiple (as
many as 64) preceding increments of
time. Control circuitry in the RBC deter-
mines which copy of the state is made
visible to the simulation; only one is
made visible, on the basis of information
provided by Time Warp. Because the
state memory of each node now resides
on its RBC rather than being part of the




main local memory of the node, this ef-
fectively frees the local memory for tasks
other than state saving. Furthermore, the
RBC memory is expandable; this will
facilitate incremental upgrading of the
multiprocessor system to enable it to
simulate events of greater complexity.

Each RBC module includes a 1-
megabyte-by-64-bit “most-recent-ver-
sion” tracking memory array for mainte-
nance of previous state variables, a 64-
bit-wide, circular-queue priority encoder
and masking algorithm implemented in
four complex programmable logic
devices (CPLDs), and a reduced-instruc-
tion-set computer (RISC) processor for
execution, in the background, of ad-
vances and rollbacks. The RBC modules
built thus far were configured as standard
VersaModule Eurocard (VME) modules;
some were integrated with VME back-
planes of Sun 3/260 computers (see fig-
ure), and one was connected to the Sbus
backplane of a Sun 4 SPARC IPX com-
puter via a VME backplane and VME-to-
Sbus translator.

Timing tests were conducted to deter-
mine the effects of the RBCs on the per-
formances of single- and multiple-
processor Time Warp systems contain-
ing Sun 3/260 processors. The tests
involved three different discrete-event

2 1.1 release of  «:
ical Library

simulations. The results of the tests
showed that the RBC modules can re-
lieve the processors of virtually all of
the overhead associated with state
copying in Time Warp and thereby pro-
vide substantial performance bene-
fits for applications in which state-
copying times would otherwise consti-

tute a large fraction of elapsed simula-
tion times.

This work was done by Michael J.
Robb and Calvin A. Buzzell of Integrated
Parallel Technology, Inc., for NASA’s Jet
Propulsion Laboratory. For further
information, write in 100 on the TSP
Request Card. NPO-30014
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Physical Sciences

Measuring Thicknesses of Vacuum-Deposited

Organic Thin Films
Infrared absorption is used to establish a calibration curve for a quartz-crystal monitor.
Lyndon B. Johnson Space Center, Houston, Texas

A method of measuring the thickness
of a thin organic liquid film deposited in
a vacuum involves the use of a quartz-
crystal monitor (QCM) calibrated by use
of a witness plate that has, in turn, been
calibrated by measurement of absorp-
tion of infrared light in the deposited
material (see Figure 1). Heretofore, wit-
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Petri Dish Containing Silicone Oil To Be Evaporated

Figure 1. A Witness Plate Is Mounted Near
a QCM. The thickness of the deposit on the
QCM is measured by infrared absorption
and used to calibrate the thickness reading
of the QCM.

ness plates have been used to calibrate
QCMs for inorganic solid deposits, but
until now there was no reliable way to
calibrate witness plates for organic liquid
deposits. The present infrared-absorp-
tion calibration procedure is somewhat
tedious, but once calibration has been
accomplished, the thicknesses of
organic liquid deposits can be moni-
tored in real time and in situ by use of
the QCM.

In experiments to demonstrate the
method, the deposited organic liquid
was a silicone oil. In the first of several
steps in the calibration procedure, the
silicone oil was mixed in various known
concentrations with carbon tetrachlo-
ride. These liquids were chosen be-
cause they are miscible and because
the infrared-absorption spectrum of the
silicone oil is clearly distinguishable from
the infrared-absorption spectrum of
carbon tetrachloride (CCly).

Each of these liquid mixtures was
placed in a KBr cell and the infrared-
absorption spectrum of the cell and lig-
uid mixture was measured by use of a
Fourier-transform infrared (FTIR) spec-
trophotometer. To provide for computa-
tional elimination of the effects of
absorption in the cell walls and the CCl,,
a background reading was taken on a

cell containing CCl, only. Then by use of
Beer's law, the thickness of a layer of
pure silicone oil that would exhibit the
same infrared absorbance was calculat-
ed from the known concentration of the
silicone oil and the known length of the
optical path through the cell. The result-
ing plot of thickness vs. absorbance
served as the first of two calibration
curves (see Figure 2).

In the next step of the calibration pro-
cedure, the witness plate, which is
made of KBr, was analyzed by use of
the FTIR spectrophotometer to obtain
a background absorbance reading in
the absence of any deposit. Then the
witness plate was mounted in the
deposition vacuum chamber near the
QCM, the chamber was evacuated,
and deposition was performed. This
was done several times to obtain
deposits of different thicknesses. Each
time, the thickness of the liquid deposit
on the witness plate was computed
from its infrared absorbance, by use of
the first calibration curve, and this
computed thickness was plotted ver-
sus the QCM reading to obtain the sec-
ond calibration curve. Thereafter,
infrared-absorbance readings from the
witness plate alone could be used to
compute the thickness of the deposited
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< 4000 |- 55 e
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FIRST CALIBRATION CURVE SECOND CALIBRATION CURVE

Figure 2. Two Calibration Curves are developed; the first for the witness plate, the second (derived by use of the first) for the QCM.
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liquid by use of the second calibration
curve. Of course, the validity of the cali-
bration procedure also depends on the
validity of the assumption that the thick-

nesses of the deposits on the QCM, the
witness plate, and any other sample sub-
strates of interest are all the same.

This work was done by Carey E. David

of McDonnell Douglas Corp. for
Johnson Space Center. For further
information, write in 44 on the TSP
Request Card. MSC-22324

Photonic Diagnostic Technique for Thin Photoactive Films
Structural, electrical, and optical characteristics can be measured noninvasively, at high resolution.
NASA’s Jet Propulsion Laboratory, Pasadena, California

A photonic diagnostic technique is
being developed for use in noninvasive,
rapid evaluation of thin paraelectric/fer-
roelectric films. The method would
prove useful in basic research, on-line
monitoring for quality control at any
stage of fabrication, and development
of novel optoelectronic systems. The
method (see figure) involves simulta-
neous measurements of both the
electrical and optical photoresponses
of the film under test sandwiched
between two electrodes as in a capac-
itor. In the case of a film-and-electrode
structure on an opaque (e.g., silicon or
gallium arsenide) substrate, the mea-
sured photoresponse is the photocur-
rent/photovoltage and photoreflectance.
In the case of a film on a transparent
(e.g., quartz or sapphire) substrate, the
phototransmittance and the photore-
flectance are both measured, in addition
to the photovoltage/current. A high-res-
olution beam-scanning feature provides
a map of the measured aspects of the
microstructure of the noninvasively
probed area of the film, with potential
for achieving spatial resolution ap-
proaching 100 nm.

Paraelectric/ferroelectric films could
be utilized to make a variety of electron-
ic and optical devices, including micro-
capacitors, ultra-large-scale integrated
dynamic random-access memories,
nonvolatile memories, and optical mem-
ories. Typically, these films are made of
multicomponent crystalline materials
(e.g., perovskite titanate). Because im-
perfections in crystalline structures can
exert profound effects on the electrical
and optical properties of such films,
methods of determining microstructures
and associated electrical and optical
properties is needed to enable further
progress in understanding these films
and realizing their full potential in novel
electronic and optical devices.

The present method has the potential
to satisfy part of that need. In particular,
photoresponse mapping can provide
data for correlation of microstructure at
the grain and grain-boundary level with
such performance parameters as leak-
age, time-dependent dielectric break-
down, and breakdown voltage.

This technique offers a unique, nonin-
vasive, sensitive high-speed measure of
the fatigue and retention behavior in fer-

roelectric nonvolatile memories. In par-
ticular, this technique could be used to
predict imprint-prone memory cells, and
to study time evolution of defects in the
ferroelectric memories during their pro-
cessing. This technique could play a vital
role in enabling high-density ferroelectric
memory manufacturing.

One potential application may lie in
the use of photoresponse for nonde-
structive readout of polarization memory
states in high-density, high-speed mem-
ory devices. In another application, an
extension of the basic concept of this
method may make it possible to develop
a specially tailored ferrocapacitor to act
as a programmable detector, wherein
the remanent polarization could be used
to modulate the photoresponse. Large
arrays of such detectors could be useful
in optoelectronic processing, comput-
ing, and communication.

This work was done by Sarita Thakoor
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information,
write in 17 on the TSP Request Card.
NPO-19393

Coghwwﬁmcmpmer—— Apparatus for Measuring
by Transmitted Light (in case
of Transparent Substrate)

The Electrical and Optical Photoresponses of a thin paraelectric/ferroelectric film used as a dielectric in a capacitor are measured under
intense local illumination. The measured transmittance and/or reflectance can be spectrally resolved to extract detailed information on the film

material.
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Predicting Arrival of Protons Emitted in Solar Flares
Action can be taken to protect electrical and electronic systems.
NASA’s Jet Propulsion Laboratory, Pasadena, California
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With DADISP, you can construct sophisti-
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predicts the times of onset of the flux-
es of protons and the peak values of
these fluxes. In so doing, VULCAN pro-
vides warnings to the operators of elec-
tronic and electrical systems that can be
affected by the proton fluxes. Such sys-
tems include Earth-station/spacecraft
communication systems, aviation com-
munication systems operating in polar
regions, and some electric-power-distri-
bution systems.

VULCAN implements a mathematical
model of proton trajectories and fluxes
based on two principles:

¢ Certain solar electromagnetic emis-
sions of varying intensity are indicative
of proton fluxes.

¢ Protons are transported from the Sun
nondiffusively in the inner heliosphere,
along spiral trajectories that can be
described by strict mathematical rela-
tionships. [As used here, “inner helio-
sphere” means the space from Mercury
out to Mars. (Even though the theory as
proposed by Smart/Shea at the Air Force
Geophysical Laboratory only treats points
within the inner heliosphere near the
plane of ecliptic, VULCAN computes flux-

es and displays trajectories outside this

region for experimental purposes.)]

VULCAN provides a graphical user inter-
face that includes several window displays
(see figure). When a flare is detected, a
small icon is changed (with beeping) to
alert the user to the event, and the flux and
trajectory computations are performed.

This work was done by John N. Spag-
nuolo, Jr, Ursula M. Schwuttke, Cecilia S.
Han, and Felipe Hervias of Caltech for
NASA’s Jet Propulsion Laboratory. For
further information, write in 98 on the
TSP Request Card. NPO-19263

Multicolor Holography With Phase Shifting
Measurements can yield data on multiple phenomena that affect refraction.
Marshall Space Flight Center, Alabama

Multicolor holography is one of a
number of optical techniques that are
being developed for use in nonintrusive
measurement of flow phenomena that
affect indices of refraction. Two phe-
nomena of particular interest in this
regard are the gradients of temperature
and concentration in the liquid in a
crystal-growth apparatus. Single-color
holographic interferometry provides
data on spatial variations of the index of
refraction in a fluid, but the effects of
temperature and concentration are
combined, and it would be necessary
to acquire ancillary temperature data
(e.g., from intrusive thermocouple
probes) to separate the temperature
and concentration effects. However,
two-color holography provides the
two sets of data needed to solve the
equations for the effects of tempera-
ture and concentration. The concept
can be extended to holography at
three or more wavelengths to mea-
sure three or more phenomena asso-
ciated with significant variations in the
index of refraction.

The figure is a schematic diagram of
a prototype apparatus constructed to
test feasibility of a two-color holo-
graphic interferometric scheme in
which data for reconstructing the holo-
graphic wavefront are obtained with
the help of a phase-shifting technique.
The hologram is recorded initially when
the fluid in the test cell is in a standard
or known condition (e.g., a homoge-
neous solution containing a known
concentration of solute at a known
temperature). The hologram is devel-
oped and put back into the position in
which it was recorded. Thereafter,
interference between the light diffract-
ed by the hologram and the light

52

refracted by the test cell is related to
changes of temperature and/or con-
centration in the test cell.

The interference fringes — the varia-
tions in the intensity of illumination
across a suitably defined observation
surface — contain information on the

sured intensities at the various phase
settings at each measurement posi-
tion, one can obtain the desired phase
distribution. Experiments on the pro-
totype apparatus showed that it is
possible to resolve the phase distribu-
tion to better than 1/200 fringe.

Granite Table

Phase Shifter

In this Two-Color Holographic Interferometric Apparatus, the holographic phase distribu-
tion or wavefront is reconstructed from photodetector scans at several different settings of

the phase shifter.

wavefront phase distribution, from which
the spatial variations of the index of
refraction can be computationally recon-
structed. In this case, the intensity pat-
tern is measured by a photodetector
that is scanned across the observation
surface. This scan is repeated at several
different settings of the phase shifter in
the object beam. Then by solving the
simultaneous equations for the mea-

This work was done by Chandra S.
Vikram of the University of Alabama
for Marshall Space Flight Center. For
further information, write in 6 on the
TSP Request Card.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Marshall Space Flight Center; (205) 544-
0021. Refer to MFS-27316.
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Dual-Active-Surface
Miniature Plug-Type

Heat-Flux Gauges

The gauges are incorporated integrally
into heat-transfer walls.

Lewis Research Center, Cleveland, Ohio

Improved miniature plug-type heat-flux gauges have been
developed for determining fluxes of heat through the surfaces
on both sides of heat-transfer walls. The walls could be those
of heat exchangers, engine housings, furnaces, chemical reac-
tors, or any of a variety of other structures in which the fluxes
of heat are important quantities that one seeks to measure.

Of other types of heat-flux gauges, some are restricted to
measuring fluxes of heat across single surfaces and some are
restricted to measuring either transient or steady fluxes (but not
both). Also, some introduce substantial thermal-conduction
discontinuities that perturb wall temperature fields appreciably
and thus contribute large errors to the measurements. The pres-
ent improved gauges yield data on both transient and steady

TOP VIEW WITH COVER AND CERAMIC SEALANT REMOVED

This Miniature Plug-Type Heat-Flux Gauge yields measurement
data from which one can compute steady or transient fiuxes of heat
through surfaces A and B.

fluxes, and they are incorporated integrally into the heat-trans-
fer walls in such a way as to minimize perturbations of wall
temperature fields.

As shown in the figure, a gauge of this type includes a cylin-
drical plug that is formed as an integral part of the heat-trans-
fer wall: a cylindrical layer of wall material extending part way
through the thickness of the wall is removed by electrical-dis-
charge machining, so that the plug is what is left in the middle.
A recess for a cover is also machined into the wall on the side
from which the plug is machined.

Thermocouples are welded to the plug at several positions
along the plug to provide multiple temperature measurements
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technology access agent
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—Paul Fischione
E. A. Fischione Instruments, Inc.
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for computing the thickness-wise gradi-
ent of temperature as a function of posi-
tion through the thickness. A cover made
of the same material as that of the wall is
welded or brazed in place in the recess,
taking care to ensure intimate thermal
contact between the cover and the back
surface of the plug. The thermocouple
leads are brought out through a groove
machined into the wall under the cover.

Assuming that the gradient of temper-
ature is predominantly through the thick-
ness (no substantial thermal gradient
along either surface), the equation for the
heat balance in the gauge is dgy/dt =
dqgy/dt + dqg/dt, where t is time, dg/dt is
the flux of heat into the gauge through
surface A, qs is the heat per unit area
stored in the gauge, and dqy/dt is the
flux of heat out of the gauge through
surface B.

The rate of change of stored heat per
unit area (the second term in the equation
above) can be calculated from the exper-
imental values of temperature as func-

tions of position and time by the equation
L
dgs /dt:jo(pcar/ar)dz

where p is the mass density of the plug
material, C is the mass-specific heat of
the material, and T is the temperature at
time t and depth z. The flux of heat out of
the gauge through surface B can be cal-
culated from dgg/dt = —kdT/0z at z = L.
Using the measurement temperature val-
ues, these equations can be solved
together numerically to obtain the fluxes
of heat through surfaces A and B.

This work was done by Curt H. Liebert
and John Koch, Jr.,, of Lewis Research
Center. For further information, write in
82 on the TSP Request Card.

This invention has been patented by
NASA (U.S. Patent No. 5,314,247).
Inquiries concerning nonexclusive or
exclusive license for its commercial de-
velopment should be addressed to the
Patent Counsel, Lewis Research Center;
(216) 433-2320. Refer to LEW-15643.

Improvements in a Laser-Speckle
Surface-Strain Gauge

The optics have been packaged compactly and error
correction data are recorded simultaneously.

Lewis Research Center, Cleveland, Ohio

Advances in a laser-speckle surface-
strain gauge have resulted in a compact,
easy-to-use measurement package that
exhibits improvements in performance

over previous versions. The laser-speck-
le surface-strain gauge is needed for
noncontact measurements of strain in
hot specimens of ceramic and other

The Compact Optical Subsystem incorporates several improvements over the optical
subsystems of previous versions of the laser-speckle surface-strain gauge: faster acquisi-
tion of data, faster response to transients, reduced size and weight, lower cost, and less
complexity.

NASA Tech Briefs, April 1996



refractory materials. The operation of the
laser-speckle surface-strain gauge is
based on Ichirou Yamaguchi's theory of
deducing strains from shifts in speckle
patterns of two laser beams reflected
from a specimen: The principle of opera-
tion was described previously in two arti-
cles in NASA Tech Briefs, Vol. 17, No. 4
(April, 1993): “Laser System Measures
Two-Dimensional Strain” (LEW-15046),
page 22; and “Two-Dimensional Laser-
Speckle Surface-Strain Gauge” (LEW-
15337), page 25.

A brief review of the principle of oper-
ation will help to explain the advantages
of the current version of the laser-speck-
le surface-strain gauge. Laser-speckle
patterns, generated by the spatially
coherent illumination of a rough speci-
men surface, shift when the surface is
strained or when the specimen under-
goes rigid-body motion. The speckle
patterns are recorded on a two-dimen-
sional array of charge-coupled devices
(CCDs) before and after shifting, and
cross-correlations of a single video line
are calculated to determine the amount
of shift between them. Errors con-
tributed by rigid-body motions are can-
celed by taking differences between
shifts of speckle patterns generated by
two laser beams incident on the speci-
men from equal but opposite angles; only
the strain components of the shifts
remain after the subtraction.

The current version of the laser-speck-
le surface-strain gauge includes an
improved, compact optical subsystem
(see figure) in which the illumination to
form the speckle patterns is provided
by two small, visible-wavelength laser
diodes. The optical design enables the
simultaneous recording of the two
speckle patterns on a single two-
dimensional CCD array. This greatly
decreases the sensitivity of the mea-
surement to rigid-body motion and
makes it possible to determine surface
strains accurately from measurements of
speckle patterns that move faster and
over longer distances because of faster
dynamic loading of the specimen.

The current version also includes a
high-performance digital image-data pro-
cessor plugged into a bus on a desktop
computer. The computer synchronizes the
acquisition of image and load data, and
the processor computes the strains from
the speckle-image data, at a repetition
rate of about 5 Hz. The overall system is
fully automated under control of the com-
puter and can be operated remotely.

This work was done by Christian T.
Lant of Sverdrup Technology, Inc., for
Lewis Research Center. For further
information, write in 94 on the TSP
Request Card. LEW-15914
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Improvements in Vapor-Detecting

Electrochemical Cells
John F. Kennedy Space Center, Florida

Improvements have been made to
extend the lifetimes of electrochemical
cells used at Kennedy Space Center to
detect monomethyl hydrazine vapors.
Degradation and failures of the cells
have been attributed to several causes,
including leakage of the electrolyte (a
28-percent potassium hydroxide solu-
tion), buildup of potassium carbonate on

membranes in the cells, and deteriora-
tion of the membranes. The buildup of
potassium carbonate appears to be
caused by chemical reaction of atmos-
pheric CO, with the electrolyte. Deteri-
oration of the membrane is linked to
pressure fluctuations caused by on/off
cycles of a detector pump. The fragile
membrane tends to tear under the com-

Sales: 1-800-588-9144

9961 Valley View Road

Eden Prairie, MN, USA 55344
Phone: (612) 947-0856

Fax: (612) 947-0859

fieldworks

iNnc.
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bined influences of the deposits and
pump oscillations. The addition of a fil-
ter or damper volume between the cell
and the pump was found to reduce pres-
sure fluctuations at the cell. The substitu-
tion of cesium hydroxide for potassium
hydroxide in the electrolyte was found

to at least double the life of a typical cell.
Also, because the cesium carbonate re-
sulting from the CO./air-electrolyte inter-
action is more soluble than potassium
carbonate is, the potential for deposition
of carbonate is reduced.

This work was done by Dale E. Lueck

of Kennedy Space Center; Barry J.
Meneghelli and Nilgun A. Leavitt of
I-NET; Susan L. Rose-Pehrsson of the
U. S. Naval Research Laboratory; and
Karen P Brenner of Geo-Centers, Inc.
For further information, write in 26 on
the TSP Request Card. KSC-11706

Telescope With a Two-Color Camera

and Two Imaging Spectrometers
Multiple instruments share common foreoptics in a compact, lightweight package.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

A proposed remote-sensing optical
instrument system includes two charge-
coupled-device (CCD) video cameras
sensitive to different colors of light; a
line-imaging infrared spectrometer; and
a line-imaging ultraviolet spectrometer;
all sharing common telescope foreop-
tics. Principal advantages of this system
are compactness and light weight.

Previously, such an assembly of instru-
ments would have been considerably
larger and heavier because each instru-
ment would have been designed as a
separate unit with its own telescope.
The upper part of the figure shows the
basic optical configuration with ray
traces. As shown in the lower part of the
figure, the fields of the two cameras

occupy the same position in the field of
view, while the slits of the two line-imag-
ing spectrometers occupy positions
adjacent to, and on opposite sides of,
the camera fields.

The primary and secondary telescope
mirrors are off-axis sections of rotation-
ally symmetric aspheres made from alu-
minum by diamond turning with postpol-

IR Detector

Array
Radiator

XXXXXXXXXXXXXXXX \XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

05-1.0

Dichroic
Beam Splitter

2.

Plane
Grating

micron CCD
0.3-05
micron CCD

IR Spectrometer

Small Folding
Mirror

10cm

SiC Grating —|

Four Optoelectronic Instruments are integrated into a compact, lightweight package in which they share common telescope foreoptics.

56

NASA Tech Briefs, April 1996



Data Acquisition
Direct To Tape At 12 MBS

42 GB uncompressed
tape capacity

12 MBS sustained
throughput,
uncompressed

Built to match the speed of the
fastest computer systems while
providing the high capacity needed
to handle massive amounts of data,
the CY-9000 half-inch digital DTF
drive is a performance breakthrough.

Store 42 GB on a single tape,
uncompressed

Save time and resources by
writing directly to tape at a record
breaking speed of 12 MB per
second — 43 gigabytes per hour —
over a terabyte every day.

Choose from Fast/Wide SCSI,
Ultra SCSI, ESCON, and IBM

Channel interfaces for plug

compatibility with the widest range
of systems.

Available in a desktop or rack
mount configuration, the drive
features a 32 MB data buffer. An
optional Digital Data Recorder
interface provides up to 128 MB of
variable rate buffer to ensure a
smooth flow of data from host to
drive, regardless of fluctuations in the
data source.

Whatever configuration you
choose, the drive will be up and
running when you need it with a
MTBF of 200,000 hours — the best

reliability in the industry. You'll also

Tera One e

For More Information Write In No. 603

Fast/Wide SCSI, Ultra SCSI,
ESCON, IBM Channel, and
Digital Data Recorder
interfaces

Rack mount configuration
available

like the fact that the compact car-
tridges are widely available and easy
to organize, ship, and store.

If you need it, 100% lossless data
compression is available to boost tape
capacity to up to 210 GB and speed to
up to 40 MBS.

If you're serious about data
acquisition, get the tape drive that’s

serious about performance

Call today for more information.

(804) 833-9000
RNETICS

Yorktown, VA 23693 e Fax (804) 833-9300
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The Deschner Kinechek precisely regu-
lates the speed of moving devices such as
air cylinders or automatic machine slides
and controls the feed rate of drills and
other tools. Kinecheks are used in numer-
ous applications worldwide including food
and packaging machinery, computer equip-
ment, and industrial robots. They are easily
Fiuw Pover © adjustable and can control loads from 5 to
1200 pounds in stroke lengths of 1/2, 1, 2, 3, 4 and 6 inches.
Reliability and constancy are unequalled due to the patented
hermetically-sealed design and the long lasting, high-perfor-
mance materials used in their construction. They operate mil-
lions of cycles without losing a single drop of fluid. A compan-
ion unit, the leakproof adjustable Cushioneer shock absorber,
stops fast moving equipment without bang or bounce.

The Deschner Corporation, 3211 W. Harvard Street

Santa Ana, California 92704
Telephone: (714) 557-1261
Toll-Free out of state:
(800) 457-6666

FREE!

£———— Kinechek'a their field.
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ishing. Before reaching the secondary mirror, the light from the
primary mirror is focused onto a small folding mirror, which splits
the field of view into two parts: the folding mirror is sized and
positioned so as to (1) allow the light bound for the line-imaging
ultraviolet spectrometer to pass by and enter the slit of this
spectrometer and (2) reflect, toward the secondary telescope
mirror, the light bound for the cameras and the line-imaging
infrared spectrometer.

The secondary mirror focuses this light across the telescope
to the cameras and the cooled subassembly containing the line-
imaging infrared spectrometer. The light passes through a cubic
dichroic beam splitter, which divides the light into shorter- and
longer-wavelength beams. The shorter-wavelength beam pass-
es through a field-flattening lens and is focused onto the CCD
in one camera. The longer-wavelength beam passes through
another field-flattening lens and is focused onto the other CCD.
A small mirror attached to the dichroic cube brings the off-axis
beam to the slit of the infrared spectrometer.

This spectrometer is related to spectrometers of the Czerny-
Turner type, with a short focal length. It utilizes a plane grating
of 100 grooves per millimeter and a focusing mirror. It also
includes an off-axis segment of a spherical lens, which com-
pensates for the extreme field curvature occasioned by the
small-focal-length design.

The placement of the line-imaging ultraviolet spectrometer
near the primary focus instead of at the secondary focus with
the other instruments helps to solve the major design problem
of providing sufficient ultraviolet transmittance. The loss of
ultraviolet light is limited by sharing only the primary mirror with
the other instruments in the system. To limit this reflection loss,
the primary mirror is coated with platinum.

The entrance slit of the line-imaging ultraviolet imaging
spectrometer lies slightly off-axis from the focus of the prima-
ry mirror and adjacent to the fold mirror. The aberration-cor-
rected holographic toroidal grating in this spectrometer has a
nominal groove frequency of 1,200 grooves per millimeter and
is coated with silicon carbide to maximize its reflectance. This
grating focuses the light onto a microchannel detector array.
A prototype of this instrument has been made out of silicon
carbide and tested.

This work was done by Michael P Chrisp of Caltech for
NASA’s Jet Propulsion Laboratory. For further information,
write in 35 on the TSP Request Card. NPO-19188

Using BEEM To Probe

Strains in Semiconductors

Spatial resolutions at the nanometer
level can be achieved.

NASA’s Jet Propulsion Laboratory,
Pasadena, California

Ballistic-electron-emission microscopy (BEEM) has been
found to be useful in determining strains in semiconductors
under some conditions. More specifically, BEEM is a variant of
scanning tunneling microscopy and is sensitive to the electron-
ic structure of the probed material. In the present approach,
BEEM is used to obtain data on those aspects of variations in
electronic structures that are related to variations in strains.
Then by use of mathematical modeling of relationships
between electronic structures and strains, the variations in
strains are deduced from the BEEM data.

NASA Tech Briefs, April 1996



The strains that one seeks to examine
in this way are those induced by mis-
matches of crystalline lattices between
adjacent layers of different semiconduc-
tor materials in semiconductor het-
erostructures. The strains involve distor-
tions of the lattices, and these distortions
modify the electron-energy-band struc-
tures of the materials. Knowledge of
strains is therefore useful for correct
mathematical modeling of the electronic
behaviors of semiconductor devices.
Because of its relatively high spatial reso-
lution (of the order of a nanometer in a
plane parallel to the planes of the semi-
conductor layers), BEEM is superior to
other techniques for acquisition of
strain-related data at the required micro-
scopic level.

In this use of BEEM, measurements
are performed in a nitrogen-purged
glove-box at room temperature and at 77
K. Electrons are injected, by quantum-
mechanical tunneling, into a metal layer
on the specimen to be probed. By vary-

ing the tip-sample voltage, energies of
electrons injected into the specimen can
be controlled, and a spectroscopy of
transport can be performed.

This approach has been applied to
Ag/Si,.,Ge/Si and Au/Si,.Ge,/Si speci-
mens, in which electron-conduction
bands are split because of strains. In
the analysis of BEEM data from such
specimens, one uses the dependency
of conduction-band splitting on the Ge
alloy fraction, x. Numerical methods are
used to model variations of strain in-
duced by surface roughness, and a
finite-element mathematical model is
used to represent the effects of elastic-
ity. Derived strains in a layer are then
used to calculate conduction-band
positions and splittings.

This work was done by L. Douglas
Bell, Autumn M. Milliken, Stephen J.
Manion, and William J. Kaiser of Caltech
for NASA’s Jet Propulsion Laboratory.
For further information, write in 32 on
the TSP Request Card. NPO-19608

Adaptive Optics for Imaging Bright
Objects Next to Dim Ones

Corrections would be made for scattering from
imperfections in the imaging optics.

NASA’s Jet Propulsion Laboratory, Pasadena, California

Adaptive optics would be used in
imaging optical systems, according to a
proposal, to enhance high-dynamic-
range images (images of bright objects
next to dim objects). The adaptive optics
would be designed to alter wavefronts to
correct for the effects of scattering of
light from small bumps on the imaging
optics. The original intended application
of this concept would be in an advanced
camera to be installed on the Hubble
Space Telescope for imaging of such
phenomena as large planets near stars
other than the Sun. The concept is also

applicable to other high-quality tele-
scopes and cameras.

In an optical system that is not diffrac-
tion-limited, the scattering of light from
the bumps on the imaging optics (the
sizes of the bumps are 10 to 30 nm in
the original application) is the source of
the fundamental limitation on high-
dynamic-range imaging. In the image
plane, the scattered light appears to dif-
fuse out of the image of the bright object
into the adjacent area, where it can over-
whelm the image of the nearby dim
object that one seeks to view simultane-

Discrete \
Actuators— |
Backup Plate Backup Plate
LARGE-STROKE SMALL-STROKE
(>10 pm VERSION) (0.05 pm VERSION)

An Array of Piezoelectric Actuators would support a mirror and deform the mirror as com-
manded. Optionally, as shown at the right, the array of actuators could be defined by an array
of electrodes on a unitary plate of piezoelectric ceramic.
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Improve your image by illustrating
your scientific data with publica-
tion-quality graphs. Whether for
journals, grants, or to demonstrate
the results of your analysis, you’ll
find the easy-to-use SigmaPlot® sci-
entific software the tool for you.

Powerful graphing flexibility
This powerful, award-winning
program gives you stunning cus-
tomized graphs that will show off
your work in ways that plain text
and graphs from spreadsheets sim-
ply cannot touch. With SigmaPlot,
you have the flexibility to create
graphs that communicate your sci-
entific studies clearly and concisely.
And with amazing ease.

Experience from

the experienced
Thousands of your colleagues have
already seen how SigmaPlot can
help them create compelling graphs -
like the one shown here. Researchers.
Technidans. Professors. Sdentists.
Engineers. Over 100,000 of them!
They’ve all come to rely on SigmaPlot
for their publication-quality graphs.

To find out how you, too, can
improve your image and illustrate
your research data using
SigmaPlot, call Jandel
Scientific Software today.
Ask for your copy of our
FREE full-color brochure.

1-800-452-6335

(International calls: 415-453-6700)

New versions for Macintosh® and
Windows® 3.1, NT, and 95

SCIERTIFIC SOFTWARE

ANTSPO46
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ously. Accordingly, the proposal for
enhancing the image is based on a strat-
egy of redistributing the scattered light
and, more specifically, diverting as much
of it as possible away from the small
region of the image that contains the
bright and dim objects of interest.
“Adaptive optics” (also called “active
optics”) in this context denotes a
deformable mirror supported by a suitably
large number, N, of piezoelectric actuators
(see figure). By applying a suitable voltage
to each actuator, one could deform the
mirror surface slightly and thereby alter the

wavefronts of light reflected from the mir-
ror. In the proposed method, a control
system would produce actuator voltages
computed to alter the wavefronts of the
light focused into the image to correct as
much as possible for the effects of scat-
tering on the light propagating toward the
small image region of interest.

The computation would be performed
according to the dark-hole algorithm,
which exploits the facts that (1) each
pixel in the image plane represents one
component of a Fourier transform of the
pupil wavefront of the imaging optical

system and (2) by use of a deformable
mirror, spatial frequencies within the
Nyquist limit can be set to arbitrary val-
ues. In the proposed method, the dark-
hole algorithm would compute mirror
deformations to be effected by N actua-
tors to set the intensity of scattered light
to zero in N adjacent pixels.

This work was done by Michael Shao,
Jeffrey W. Yu, and Fabien Malbet of
Caltech for NASA's Jet Propulsion
Laboratory. For further information,
write in 89 on the TSP Request Card.
NPO-19244

Pyrolytic Carbon as a Lubricant in Hot

Ceramic Bearings

The carbon would be replenished by a flow of ethylene.
Lewis Research Center, Cleveland, Ohio

Pyrolytic carbon may prove useful as
a solid lubricant in ceramic bearings in
advanced gas-turbine engines, where
high temperatures would destroy liquid
lubricants. Ethylene gas would be
made to flow past the bearings and
would be pyrolized to replenish the car-
bon lubricant particles.

The underlying chemical and physi-
cal principles are probably related to
those of a technique, studied during
the 1950s, that involved flash photoly-
sis of hydrocarbons. In that technique,
hydrocarbons were heated rapidly to
“flash temperatures,” then cooled in
friction contacts.

The concept is based partly on the
observation that pyrolysis of hydrocar-
bons to solid carbon occurs in two
stages — nucleation followed by growth
of particles — and the rates in the two
stages are different. The nature of the
nuclei is still unknown; it has been con-
jectured that they could be (a) C,, CH',
and/or C,H; in the gas phase, and/or (b)
a particular form of solid carbon
deposited on the surfaces to be lubri-
cated. Both the nucleation and growth
stages depend on temperature and the
gradient of temperature. Moreover, the
nucleation stage is likely to be influ-
enced by surface catalysis.

In a lubrication system according to
this concept, the ethylene gas would
flow past a heated catalytic surface
before reaching the somewhat cooler
bearing surfaces. Thus, most of the nu-
cleation would be made to take place
upstream of the bearing, and the lubri-
cating carbon particles would grow on
the bearing surfaces. The friction on the
bearing surfaces would provide the
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thermal flash necessary for growth of
particles from the nuclei already pres-
ent in the flowing gas.

The feasibility of this concept has
been demonstrated in several experi-
ments, including sliding-contact tests in
a pin-on-disk tribometer and both slid-
ing- and rolling-contact tests in a modi-
fied four-ball tribometer. Tests were
conducted both with and without flowing
ethylene, at contact-surface tempera-
tures of about 500 °C. Of the tests in
which ethylene was used, some did and
some did not involve prenucleation by
heating the flowing gas about 30 cm

upstream with a nichrome wire heat-
ed electrically to a temperature of
800 °C. For example, the results of
four-ball sliding tests (see figure) clear-
ly show a reduction of wear in the
presence of flowing ethylene and a fur-
ther reduction of wear effected by
upstream nucleation.

This work was done by J. L. Lauer of
Rensselaer Polytechnic Institute and L.
C. Davis of Allison Engine Co. for Lewis
Research Center. For further informa-
tion, write in 69 on the TSP Request
Card. LEW-16190
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Sizes of Wear Scars were measured after sliding-contact tests in a modified four-ball tri-
bometer. The tests were conducted at a contact-surface temperature of 575 °C, contact pres-
sure of 2.66 GPa, and speed of 7.8 cm/s for 5 min.
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’ Materials

Atomic Oxygen Removes Varnish and Lacquer

From Old Paintings

The underlying paint layers are not damaged.
Lewis Research Center, Cleveland, Ohio

A dry and relatively nondestructive
plasma process has been found to be
effective in removing protective coats
of varnish and/or lacquer from old
paintings. Because these protective
coats become yellow and cracked as
they age, they are often removed and
replaced during efforts to restore old
paintings. Heretofore, varnish or lacquer
coats have been removed by a variety
of techniques that involve solvents
(which may damage or alter the pig-
ment layers) and, sometimes, mechan-
ical contact (which can disturb or
remove pigments).

The plasma process is one that gen-
erates monatomic oxygen, which
reacts with varnish, lacquer, polyure-
thane, acrylic, and other organic coat-
ing materials; the reactions produce
mostly carbon monoxide and water
vapor, which are simply pumped
away by the vacuum system in which
the plasma is generated. The mon-
atomic oxygen does not attack
oxide-based pigments in underlying
paint layers, and brush-stroke marks
remain undisturbed.

If allowed to reach the underlying
paint, the atomic oxygen does slightly
attack the vehicle (binder) at the sur-
face of the paint, causing a microscop-
ic texturing of the surface and conse-
quently a more matte appearance.
However, this visible effect can be re-
versed almost completely by recoating
with new varnish or lacquer. The pro-
cess can also be used on a painting
that contains organic-based pigments
if the exposure is carefully timed so
that it can be stopped just as the last of
the protective coat is removed and
before the paint is attacked.

A commercial radio-frequency plas-
ma apparatus was used to demon-
strate the process. Samples of paint on
glass slides and coupons from a paint-
ing on fiberboard were placed in the
vacuum chamber of the plasma appa-
ratus. The chamber was partly evacu-
ated, leaving air at a pressure of 100

NASA Tech Briefs, April 1996

millitorr (13 Pa) to form the plasma. At
intervals, the exposure to the plasma
was interrupted and the samples
removed for weighing (to determine
losses of mass) and for measurements
of light from the surface to determine
changes in reflectance. The rates of

vehicle materials.

This work was done by Sharon K.
Rutledge and Bruce A. Banks of Lewis
Research Center and Michael Cales
of Cleveland State University. For fur-
ther information, write in 97 on the
TSP Request Card.
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The Decreases in the Masses of several paint specimens coated with lacquer slowed as
the lacquer was consumed and the plasma containing monatomic oxygen reached the

underlying paint.

loss of mass were found to decrease
slightly once the varnish or lacquer
coats had been removed (see figure),
indicating that reaction with the mon-
atomic oxygen in the plasma slowed
when the oxide-based pigments in
the paint were reached. These pig-
ments helped to shield the underlying

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Lewis Research Center; (216) 433-
2320. Refer to LEW-16031.
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@' Computer Programs

COSMIC: Transferring NASA Software

COSMIC, NASA'S Computer Software Management and Information Center, distributes software
developed with NASA funding to industry, other government agencies and academia.

COSMIC's inventory is updated regularly; new programs are reported in Tech Briefs. For additional
information on any of the programs described here, send in the Information Request Form or contact

COSMIC directly.

If you don't find a program in this issue that meets your needs, visit the COSMIC World Wide Web
pages to browse the catalog for programs in your area of interest. The COSMIC Software Catalog is
available in print and free of charge on diskette, on-line, by E-mail, or FTP.

COSMIC is part of NASA's Technology Transfer Network.

Manufacturing/
Fabrication

Program Helps Specify
Paths for Numerically
Controlled Tools

A graphical user interface
displays tool paths.

ESDAPT is a computer program that
provides a graphical programming envi-
ronment for developing APT (Automati-
cally Programmed Tool) programs for
controlling numerically controlled ma-
chine tools. ESDAPT establishes a
graphical user interface that provides
the user with an APT syntax-sensitive
text-editing subprogram and windows
for displaying geometry and tool paths.
APT geometry statements can also be
created by use of menus and screen
picks. ESDAPT interprets APT geometry
statements and displays the results in
its view windows. Tool paths are gener-
ated by batch processing of the APT
source code in an APT processor (COS-
MIC P-APT recommended). The tool
paths are then displayed in the view win-
dows. Printed output of the view win-
dows is in color PostScript format.

ESDAPT is written in C language,
yacc, lex, and XView for use on Sun4-
series computers running SunOS.
ESDAPT requires 4MB of disk space,
7MB of random-access memory, and
release 4 of version 11 of MIT’s X Win-
dow System, or version 3 of OpenWin-
dows for execution. Program docu-
mentation in PostScript format and an
executable code for version 3 of
OpenWin-dows are provided on the
distribution medium. The standard
medium for distribution of ESDAPT is
a 0.25-in. (6.35-mm) streaming-mag-
netic-tape cartridge (Sun QIC-24) in
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UNIX tar format. This program was de-
veloped in 1992.

This program was written by Timothy
Premack and James Poland, Jr., of
Goddard Space Flight Center. For fur-
ther information, write in 9 on the TSP
Request Card. GSC-13590

Mathematics and
Information Sciences

Program Converts VAX
Floating-Point Data to UNIX

Unformatted files of floating-
point data can be converted
by this software.

Many users need to transport unfor-
matted floating-point (4 bytes per
sample) data files written by a VAX
computer to a machine that runs UNIX
and that may have a different conven-
tion for interpreting unformatted float-
ing-point data values. The VAX Float-
ing Point to Host Floating Point Con-
version (VAXFC) software converts
these non-ASClI| files to the unformat-
ted floating-point representation of the
UNIX machine. This is done by reading
the bytes bit by bit, converting them to
floating-point numbers, then writing
the results to another file.

VAXFC is useful when data files creat-
ed by a VAX computer must be used on
other machines. For instance, NASA/
JPL AIRSAR synthetic-aperture-radar
synoptic data are processed on a VAX
computer, but many times users wish to
analyze the data on such computers as
DEC Alpha, SUN, HP, SGI, or others.
This requires that the data be converted
to the floating-point format of several
different types of computers.

cosmIc®

The University of Georgia
Athens, GA 30602-4272
T.L. Peacock, Director

(706) 542-3265;

FAX (706) 542-4807
service@cosmic.uga.edu
http://www.cosmic.uga.edu

The VAXFC software was written with
generality in mind. A data file is allowed
to have a header of any length (header
values are not converted, so if it is an
ASCII header, it will be preserved). A data
file is also allowed to have header bytes
of any length at the beginning of each line
(must be a constant length for each line).

VAXFC was originally written to con-
vert AIRSAR synoptic data from VAX
floating-point format to UNIX floating-
point format. These files have three
lines of ASCIl header information
(15,360 bytes), followed by 5,088 lines
of data, each data line being 5,120
bytes (1,280 floating-point numbers),
with no prefix header at the beginning of
each line. Therefore, these values are
the default values. However, any unfor-
matted floating-point data file can be
converted by this software.

VAXFC is written in C language for use
on UNIX systems. This program was
developed on a DEC Alpha computer
running OSF/1 and was designed to be
UNIX-independent. VAXFC has been
successfully compiled on a Sun4 com-
puter running SunOS 4.1.3, a DEC
Alpha AXP 4000/610 computer running
OSF/I v2.0, an SGI Indigo 2 computer
under IRIX 5.2, and a DECstation 5000
computer running ULTRIX v4.3a. The
standard distribution medium for VAXFC
is one 3.5-in. (8.89-cm), 1.44MB diskette
in UNIX tar format. Electronic versions of
the documentation in PostScript, ASCII
text, and Microsoft Word v6.0 for Win-
dows are included on the distribution
medium. VAXFC was released in 1994
and is a copyrighted work with all copy-
right vested in NASA.

This program was written by Marcos
Alves, Bruce Chapman, and Eugene Chu
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information,
write in 57 on the TSP Request Card.
NPO-19464
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@ Mechanics

Improved Estimation of Vibrations in Engines and Pumps
Changes in a scaling formula yield better correlations with empirical data.
Marshall Space Flight Center, Alabama

A method of estimating the vibra-
tional loads upon, and the vibrational
power dissipated in, rocket engines,
pumps, turbomachines, and similar
flow-through-type machinery is derived
from an older vibration-scaling concept
of estimating the vibrations of compo-
nents of a rocket engine in the design
stage, without complicated mathemati-
cal modeling and calculations. These
methods involve scaling vibrations via
global variables like mass-flow rates
and exit velocities of engine exhausts.

The present method is called the
“Improved Composite Loads Spectra-
Component Scaling Criteria” (“Im-
proved CLS-CSC”) method. According
to this method, the root-mean square
vibrational acceleration (G, of a
pump, engine, or other machine or
component is proportional to a quantity
known as the component-specific
power (Ps) which is approximately the
kinetic energy of the fluid flowing
through the component per unit mass
of the fluid per unit mass of the com-
ponent. Thus, the level of vibration
Gms (new) Of @ machine that has not yet
been built or tested can be estimated
from the measured level of vibration
Gims 09y Of @ similar machine that has
been built and tested and from the
component-specific powers Ps g and
Ps (new Of the old and new machines:

Gzrms (new) £ i s(new)

> or
G%ms (od)  Ps(old)
P.
Gzrms (new) = Spo) G2rms (old)
s{old)

The component-specific power for
use in the above equations is given by

Xt K,V3rh‘/3

Ps —

fo)
where V is the speed of the fluid at the
outlet of the machine, m is the discharge
mass flow rate of the machine, m, is the
mass of the machine, and K; is a factor
that depends on the geometry of the
flow path in the machine. In the case
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of a turbopump, K; is given by

where x; is the total axial length of the
flow path through the pump, A(x) is the

X 3 ;
1 % 1 cross-sectional area of the flow path at
Er X_/ -[_L(x) _A(x) dx axial position x, and L(x) is the clearance
0 between the turbopump impeller and the
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IMPROVED CLS-CSC METHOD

The Improved CLS-CSC Method results in closer alignment of data points with a straight
line like that predicted by the approximate scaling law. The various data-point symbols rep-
resent measured vibrations and computed component-specific powers pertaining to various
turbopumps in the space shuttle.
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turbopump housing at axial position x.

One difference between this improved
CLS-CSC method and previous versions
of the CLS-CSC method lies in the for-
mula for P;: In the previous version, P;
was given by

p - K@

S
Mp

where Q is the volumetric rate of flow
through the machine. Another dif-
ference lies in the incorporation of more
vibration measurements from known
machines [G.s ] into a data base for
prediction of G s new) PIUS better filter-
ing of the data base to correct for spu-
rious effects of instrumentation and
other machinery.

The improved CLS-CSC method
results in better correlations of the mea-
sured vibrations and component-specific
powers of different machines (see figure).

This work was done by David C. Chow
of Rockwell International Corp. for
Marshall Space Flight Center. For fur-
ther information, write in 56 on the TSP
Request Card. MFS-29958

Improved Mechanical Seals for Tubes
Lyndon B. Johnson Space Center, Houston, TX

Improved tube-to-fitting seals can
be made by application of soft metal
pieces to either the ends of tubes or to
the interior of the fittings. The soft
metal can be silver, gold, platinum, tin,
or other easily malleable metal select-
ed to be inert with the fluid of use. The
metal can be plated, evaporated, or
sputter-deposited. The coat of soft
metal is thin, so no changes are re-
quired in the design or tolerances of
standard fittings. In one trial applica-
tion, a 0.1-mil (0.0025-mm) layer of tin
was plated over a nickel-coated stain-
less-steel tube and fitted to a titanium
swage fitting. The leak rate was less
than 10 and was maintained during
thermal cycling under high pressure, a
reduction from a 107 leak rate without
the soft metal seal. The technique is
suitable for hydraulic or other fluid sys-
tems in which leakage from mechani-
cally joined sections of tubes can
occur. A patent is being issued and
commercial licensing discussions are
in progress.

This work was done by Henry W. Babel,
Raymond H. Anderson, Phillip L. Fuson,
Colin D. Chickies, and Cherie A. Jones of
McDonnell Douglas for Johnson Space
Center. For further information, write in
50 on the TSP Request Card.

Title to this invention has been waived
under the provisions of the National
Aeronautics and Space Act {42 U.S.C.
2457(f)}, to McDonnell Douglas. In-
quiries concerning licenses for its com-
mercial development should be ad-
dressed to:

McDonnell Douglas

John P. Scholl

Counsel, Intellectual Property

3855 Lakewood Bivd.

Long Beach, CA 90846
Refer to MSC-22477, volume and num-
ber of this NASA Tech Briefs issue, and
the page number.

NASA Tech Briefs, April 1996

-

“The Case of Indium Intrigue”

“What has your
investigation revealed,
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call us today!
Your Indium Resource
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ﬁ Machinery/Automation

Improved Aircraft Inlet Total-Pressure Distortion Rakes
An innovative design simplifies installation and reduces cost.
Dryden Flight Research Center, Edwards, California

Researchers at Dryden Flight Re-
search Center have developed an inno-
vative rake of pressure transducers for
measuring the distortion of the total
pressure at the inlet of a jet engine. The
rake features a one-piece wagon-wheel
design (see figure), which reduces cost
and installation time relative to those of
traditional designs. One prototype and
two flight-worthy rakes were successful-
ly designed, developed, built, and quali-
fied for flight for less than $500,000
(1995). Installation of one of these rakes
in an F/A-18 aircraft, including neces-
sary modifications of the aircraft, was
accomplished in only three days. De-
sign features included light weight, high
strength, low structural resonance, low
flow blockage, and ease of removal and
replacement of transducers. The entire
rake assembly weighs about 15 Ib (6.8 kg).

The design, development, and instal-
lation of an inlet total-pressure-distortion
rake in an aircraft is expensive and
time-consuming. Heretofore, the cost of
developing such a rake has typically
ranged from 1 to 1.5 million dollars
(1995). Previously, inlet-rake systems
featured, variously, eight-legged duct-
wall cantilevered designs or inlet guide-
vane leading-edge designs. These
designs have commonly required exten-
sive modifications to aircraft or engines.
Development of a rake of cantilevered
design can be particularly expensive
because it is necessary to design and
test each rake leg individually; it is also
particularly time-consuming because it
entails relatively extensive structural
modifications of aircraft, plus flight-qual-
ification testing. The time required for
modification and installation ranges
from 1 to 6 months.

The present innovative rake includes
a streamlined hub and eight aerody-
namically shaped rake legs (corre-
sponding to the spokes of the wagon
wheel). The inlet duct of the aircraft cor-
responds to the rim of the wagon wheel.
The rake is self-supported with no phys-
ical contact with the engine; the load-
bearing structure of the rake is a welded
nickel-alloy unit that joins the rake bod-
ies and the hub into a single piece that is
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supported by integral foot pads and
bolted to the inlet duct flange.

Each of the eight rake legs contains
five pressure probes located on the cen-
troids of five equal portions of the flow

made by forming sheet metal into the
leading edge and sides of an airfoil
shape. The sheet metal is left open at
the trailing edge to enable installation of
the sensor and lead-out tubes.

€g

s that resemble spokes of a wagon wheel. The

assembly is bolted to the inlet duct flange of an aircraft directly in front of the engine.

area. The hub contains an isolated metal
vibration-damping ring potted in a
polyurethane central body. The polyure-
thane elastomer is bonded to the metal.
With this design, the hub dissipates
vibrational energy more effectively than
would an all-metal hub.

The same polyurethane material used
to damp vibrations is also used to form
the streamlined shape of the hub and
the trailing edges of the rake bodies.
Some of the vibrational energy is dissi-
pated within the rake legs as the flexing
and twisting motions of the open-
backed metal sheets of rakes put the
polyurethane elastomer in shear. The
leading edges of the rake bodies are

The construction of the rake assembly
as a single piece results in a structure
that is redundant in the sense that it
enables each rake leg to share part of
the load on the structure through the
hub and transfer it to the airframe duct
as shear loads to the bolts in the duct
flange. The configuration in which the
rake bodies are bolted to the inlet duct
flange enables the inlet duct flange to
support the rake without inducing any
bending load in the sheet-metal wall of
the duct.

Each of the 40 pressure probes in the
rake includes a dual-measurement port
(dual in the sense that it serves for both
low- and high-frequency pressure mea-
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surements). The high-frequency pressure
transducer of each probe is mounted at
the port.

One significant advantage of this rake
design is its adaptability to inlets of other
aircraft. The rake can be scaled to small-

er and larger inlets with minimal qualifi-
cation requirements. The current rake
system can withstand flight at a speed
up to mach 1.7. A follow-on develop-
ment program will extend this capability
to mach 2.5.

This work was done by Ronald J. Ray
of Dryden Flight Research Center and
Andrew J. Yuhas of PRC, Inc. For further
information, write in 23 on the TSP
Request Card. DRC-95-07

NASA Landing Systems Research Aircraft

This airplane is instrumented to measure loads, velocities, and slip angles

between tires and runways.

Dryden Flight Research Center, Edwards, California

The NASA Landing Systems Re-
search Aircraft (LSRA) is a Convair 990
airplane that has been modified to incor-
porate a tire-and-landing-gear test facil-
ity containing a test fixture. This fixture is
powered by hydraulic actuators for ver-
tical load and steering. Researchers at
the Dryden Flight Research Center are
using the LSRA as a unique addition to
complement existing aircraft dynamic
tire-testing facilities. The system can
simulate tire vertical-load profiles up to
250,000 Ib (1.1 MN), sideslip angles to
156°, and wheel braking on real runways.
Onboard computers control the prepro-
grammed test profiles through feedback
and record loads along three axes, plus
the slip angle and the condition of the
tire under test. To date, the LSRA has
provided tire force and wear data for the
space shuttle orbiter tire on three differ-
ent runways and at east- and west-
coast landing sites.

The figure shows a typical landing test
sequence, beginning with the final ap-
proach of the aircraft. After touchdown
and derotation, the pilot calls for initia-
tion of the test and uses spoilers, thrust
reversers, and brakes to follow the pilot
speed advisory. The test landing gear is
extended and controlled to match the
preprogrammed test profiles of vertical
load, slip angle, and braking on the test
tire. Upon completion of the test, the
test landing gear is automatically retract-
ed. If a problem occurs during the test,
either the computer or a hardware fault-
detection system commands retraction
of the test landing gear.

The LSRA has capability for onboard
collection of data or telemetry. The data
rates range from 25 to 200 Hz. The test
instrumentation includes load cells for
three axes. The accuracies of the mea-
sured loads on the space shuttle orbiter
tire are +3000 Ib (+1.3 x 10* N) vertical,
+500 Ib (2.2 x 10° N) sideways, and
+300 Ib (£1.3 x 10° N) drag. The LSRA
is also equipped with video cameras
that can provide five different views of
the tire fixture. These cameras enable
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real-time monitoring of tests as well as
postflight analysis by use of images
recorded on video tape synchronized
with the other test data. High-speed film
photographs of tests are also available.

A 20-knot (10-m/s) crosswind capability
was demonstrated for landings of the
space shuttle orbiter on the concrete
runway of Edwards Air Force Base, and
LSRA testing helped define the effects of

Main-Gear Touchdown

Approach With Flaps Up

Derotation

Deploy Spoilers

Computer-Controlled Extension
of Test Landing Gear

Profile / 'Speed Profile.

Target Speed
Profile

Time

Test Complete:
Retract Test Landing Gear

Safe Systems

This Landing Test Sequence yields data in the interactions between the runway and the test

landing gear.

The LSRA has been used in approxi-
mately 150 test operations at Edwards
Air Force Base in Edwards, California,
and at Kennedy Space Center in Flor-
ida. During these operations, all prepa-
ration of flight-test profiles, reduction of
data, and analyses were performed at
the test sites.

The LSRA effort has provided signifi-
cant data to the Space Shuttle Program.
Tests on dry-lake-bed runways at Ed-
wards Air Force Base were used to
redefine the tire-drag mathematical
model used in simulations and planning
of flights of the space shuttle orbiter.

ply steer and wheel tilt on the tire-force
mathematical model for the space shut-
tle orbiter. The most significant contri-
bution of the LSRA to the Space Shuttle
Orbiter Program is that of tire-wear
data, which helped to define the need
to resurface the runway at the landing
facility at Kennedy Space Center.

This work was done by John F. Carter
of Dryden Flight Research Center
and Christopher J. Nagy of PRC, Inc.
For further information, write in 11 on
the TSP Request Card. DRC-95-31
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Manufacturing/Fabrication

Hole-Aligning Tool

Holes can be aligned without exerting forces perpendicular to the planes of the holes.
Lyndon B. Johnson Space Center, Houston, Texas

A tool has been designed for use in
aligning holes in plates or other structur-
al members that are to be joined by a
bolt through the holes. The tool, shown
in the upper part of the figure, includes
two wedge blocks approximately equiv-
alent to two parts of a cylinder that has
been split along a plane slanted with
respect to the cylindrical axis. A thread-
ed hole is made along the cylindrical axis
of one block, and a clearance slot paral-
lel to the cylindrical axis is made in the
other block so that by use of a screw,

the two blocks can be driven on each
other along the slanted surface to
expand the tool laterally against the
edges of the holes.

The lower part of the figure illustrates
the use of the tool to align holes in two
structural members, followed by the use
of a C-clamp to insert a bolt and force
the tool out. If there is no risk that the
holes will again become misaligned, the
removal procedure can be simpler than
that shown in the figure; the tool can be
loosened by turning the screw to let it

contract laterally, then simply pulled or
pushed out of the holes. To prevent
elongation of the holes, the tool should
be made of a material softer than that of
the structural members to be joined.

This work was done by Frank A.
Collins, Frank Saude, and Martin J. Sep
of Rockwell International Corp. for
Johnson Space Center. For further
information, write in 24 on the TSP
Request Card. MSC-22411

ASSEMBLED TOOL

1. Problem: Two holes in

5. Measure the outside lateral
dimension of the tool until the
desired dimension is obtained.

2. Insert tool in holes.

6. Using a C clamp, press the bolt
into the holes, forcing the tool out
of the hole.

SEQUENCE OF OPERATIONS

3. Tighten screw until force

4. Using an open-end wrench to
prevent rotation of the wedge
blocks, turn the cap screw to
expand the tool laterally, forcing
the holes into alignment.

7. Installation of the
bolt completed.

The Hole-Aligning Tool features a screw-driven-wedge design similar to (but simpler than) that of some automotive exhaust-pipe-

expanding tools.
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Copper Gas Diffusers
for Purging Line-Focus
Laser Welds

These diffusers are not damaged
by reflected laser energy.

Marshall Space Flight Center, Alabama

Modified flow diffusers have been built for inert-gas purging
of welds made with 5-kW CO, lasers operating with line-focus
optics in a conduction mode instead of with point-focus optics
in the customary keyhole mode. The modified diffusers are
needed because the reflection of laser energy from the work-
piece in the line-focus mode is so strong that it destroys the
original diffusers designed for the point-focus mode.

Each of the modified diffusers (see figure) is made of fine-
mesh copper screen (the flow-diffusing element) contained in
a copper jacket, with a coarse-mesh copper screen across
the outlet. The coarse-mesh outlet screen protects the fine-
mesh internal diffusing screen. The copper jacket and screens
function together as a heat sink that dissipates the reflected
laser energy.

This work was done by Steve L. Fonteyne, Timothy J.
Hosking, and D. Mark Shelley of Rockwell International Corp.
for Marshall Space Flight Center. For further information,
write in 72 on the TSP Request Card. MFS-30051

COPPER DIFFUSER IN USE DURING LASER WELDING

Flow Diffusers made of copper components brazed together are
robust enough to withstand strong reflections of line-focused laser
energy.
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Data-Base Software for Tracking Technological Developments

This system performs routine functions automatically and serves multiple users.

John F. Kennedy Space Center, Florida

The Technology Tracking System (Tech  ing information on technology and related
TracS) computer program has been patent information developed under the
developed for use in storing and retriev- auspices of NASA Headquarters and

deecmbmg its novel feamres, ‘major benefits, and apphcauom for tkew :
audience: design engineers and managers, R&D directors, and corporate
executives in technology-driven industries including electronics, comput-
ing, transportation, aerospace/defense, industrial equipment, manufactur-
ing, bio/medicine, power & energy, and agriculture. If chosen for presenta-
tion, your technology/product will receive nationwide publicity and could
be eligible for special awards and prizes.

Submit your nomination(s) by May 24, 1996 to: George De Feis,
Technology Utilization Foundation, 317 Madison Avenue, New York, NY
10017; fax: (212) 986-7864. Questions? Call G. De Feis at (212) 490-3999.

70 For More Information Write In No. 434

NASA's field centers. The contents of the
TechTracS data base include multiple
scanned still images and quick-time
movies as well as text. TechTracS
includes word-processing, report-editing,
chart-and-graph-editing, and search-
editing subprograms. Extensive keyword
searching capabilities enable the rapid
location of technologies, innovators, and
companies.

One of the major subprograms in
TechTracS is an automatic agent that
runs in the background, on the worksta-
tion. The automatic agent coordinates
print jobs for multiple users and automat-
ically executes routine jobs like printing
forms and form letters. Using rule-based
logic, the automatic agent monitors user
activity and automatically triggers appro-
priate tasks when specified events occur.
For example, when a database docu-
ment has been released for publication,
the system generates letters to authors
notifying them of that approval. Tasks can
also be triggered at specific dates, or
after specified time intervals. Thus, for
example, a user can select the number of
days to wait before sending an automati-
cally generated letter. The automatic
agent also performs automatic mainte-
nance of the data base and can schedule
tasks for later execution.

Service provided for users of the sys-
tem include automatically sending notifi-
cation of new technology items to inter-
ested users by electronic mail and auto-
matic responses to electronic-mail
inquiries on the statuses of new-technol-
ogy reports. Field offices can automati-
cally transmit additions and updates to
the database via the Internet.

This work was done by James A.
Aliberti of Kennedy Space Center and
Simon Wright and Steve K. Monteith
of Research Triangle Institute. For fur-
ther information, write in 4 on the TSP
Request Card.

Inquiries concerning rights for the com-
mercial use of this invention should be
addressed to the Patent Counsel,
Kennedy Space Center; (407) 867-2544.
Refer to KSC-11820
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THE NASA TECHNOLOGY CD-ROM

Now Available for the First Time: —' o

The NASA Technology CD-ROM features
searchable databases and computer
programs representing the best of NASA
technology over the last 20 years.

800 Previously Unpublished
NASA Software Programs
Abstracts to 800+ NASA technical
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EXTRA: The Patent Office is making all US patent abstracts since the mid-1970s available electronically.
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Physical Sciences

Nucleation Pathways for
Freezing of Two Grades
of Zirconium

A report discusses the classical nu-
cleation theory of freezing and describes
an experimental study of the nucleation
mechanisms that predominate during
freezing of spherical specimens of initial-
ly molten zirconium levitated electrostat-
ically in a vacuum. In the experiments,
the levitated specimens were repeatedly
melted by radiative heating from a xenon
arc lamp, then allowed to cool radiative-
ly to induce freezing. The temperatures
of the specimens were measured by use
of a single-color (wavelength of 659 nm)
silicon pyrometer.

This work was done by Won-Kyu
Rhim and Aaron Rulison of Caltech and
Robert Bayuzick, William Hofmeister,
and Craig Morton of Vanderbilt
University for NASA’s Jet Propulsion
Laboratory. 7o obtain a copy of the
report, “Containerless Liquid to Solid
Nucleation Pathways in Two Repre-
sentative Grades of Commercially
Available Zirconium,” write in 21 on the
TSP Request Card. NPO-19727

Hybrid Electric Thruster
for Spacecraft

A report describes a proposed hybrid
electric spacecraft thruster that would
combine the best features of the resisto-
jet and the arcjet, both of which are
proven spacecraft thrusters. In the resis-
tojet, a propellant gas is heated by an
electrically heated filament; in the arc-
jet, the propellant gas is heated by an
intense arc in the gas. The resistojet of-
fers greater power efficiency, while the
arcjet offers the capability of heating to
greater temperature. An advantage of
the hybrid design may accrue from hav-
ing the arc pass through the throat of the
thruster nozzle: the arc may help keep the
throat open, counteracting a tendency of
the resistojet nozzle throat to become
clogged by condensation of metal vapor.
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Books & Reports

These reports, studies, and handbooks are available from NASA as Technical
Support Packages (TSPs) when a Request Card number is cited; otherwise they
are available from the NASA Center for AeroSpace Information.

This work was done by Thomas J.
Pivirotto of Caltech for NASA’s Jet Pro-
pulsion Laboratory. 70 obtain a copy of
the report, “Hybrid Electric Thruster,"
write in 10 on the TSP Request Card.
NPO-19526

* Machinery/Automation

More About Cutting Tool
for Shaving Weld Beads

A report describes the modification
and testing of the proposed tool dis-
cussed in “Cutting Tool for Shaving Weld
Beads” (MFS-30056), NASA Tech Biriefs,
Vol. 19, No. 8 (August, 1995), page 68.
To recapitulate, the tool would be a
modified version of a commercial
pneumatically driven rotary cutting
tool that can remove such hard metals
as nickel alloys, titanium, and stainless
steels. The report describes the imple-
mentation of the modifications and
the testing of the resulting tool.

This work was done by Peter A.
Oelgoetz and William M. Davis of
Rockwell  International Corp. for
Marshall Space Flight Center. To
obtain a copy of the report, “SSME
Nozzle Jacket Weld Bead Reinforcement
Removal Implementation Project Final
Report,” write in 27 on the TSP Re-
quest Card. MFS-30084

.
4

More About the Video
Event Trigger

A report presents additional informa-
tion about the system described in
“Video Event Trigger” (LEW-15076),
Laser Tech Briefs, Vol. 2, No. 4 (Fall
1994), page 31. To recapitulate: the
video event trigger is a digital electronic
system that processes video-image data
to generate a trigger signal when the
image shows a significant change, such
as motion, or the appearance, disap-

Electronic Systems

pearance, change in color, change in
brightness, or dilation of an object. Po-
tential uses include monitoring of hall-
ways, parking lots, and other areas dur-
ing hours when they are supposed to be
unoccupied, looking for fires, tracking air-
planes or other moving objects, identifi-
cation of missing or defective parts on
production lines, and video recording of
automobile crash tests.

This work was done by Glenn L.
Williams of Lewis Research Center. To
obtain a copy of the report, “VL.SI-Based
Video Event Triggering for Image Data
Compression,” write in 46 on the TSP
Request Card.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Lewis Research Center; (216) 433-2320.
Refer to LEW-16203.

Q

Compiled Data on Single-
Event Effects Caused by
Heavy lons

Electronic Components
and Circuits

A report presents test data on the
susceptibility of a new set of digital inte-
grated circuits and other semiconductor
products to single-event effects (soft
errors and latchups) caused by heavy
ions incident at high energies. The re-
port summarizes observations from JPL
and many laboratories in North America
and Europe. The data can be used to
develop generalizations for protecting
electronic equipment from single-event
effects. In some cases, tested parts can
be selected as candidates for use in
specific applications.

This work was done by Donald K.
Nichols, James R. Coss, and Harvey R.
Schwartz of Caltech for NASA’s Jet
Propulsion Laboratory. 7o obtain a
copy of the report, “Trends in Device
SEE Susceptibility From Heavy lons,”
write in 74 on the TSP Request Card.
NPO-19718

(continued on page 80)
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NEWS
BRIEFS

Notes from Industry
and the Laboratories

The Beckman Laser Institute (Irvine, CA)
received renewals of two programs sponsored
by the National Institutes of Health (NIH),
making more than $2.2 million in new fund-
ing available over four years for some of
Beckman's most promising research and clin-
ical studies.

The Laser Microbeam and Medical
Program (LAMMP), now in its sixteenth year
as an NIH-designated Biotechnology
Resource, got fresh backing from the federal
health agency. As a national user facility,
LAMMP fosters the development of new
instrumentation for biomedical applications
and promotes collaboration among the acade-
mic, corporate, medical, and federal sectors.
Currently LAMMP sponsors research, service,
and training projects in laser microsurgery,
optical trapping, and other fields. The pro-
gram's new initiatives in tissue interaction and
optical diagnostics were endorsed by the NTH
review as having "high technical merit."

NIH also renewed support for Beckman's
long-standing study of photodynamic therapy
(PDT) for malignant tumors. PDT involves
the intravenous or topical administration of
photosensitizing compounds to malignancies.
They react with light of an appropriate wave-
length to generate highly reactive oxygen
molecules that destroy tissues in which the
sensitizers concentrate. Since they "localize”
only in diseased tissues, healthy tissues are not
affected.

Recently Beckman invited journalists to the
Animal Operating Room to observe experi-
mental surgery to remove a cancerous tumor
from the ear of a Santa Catalina Island kit fox,
an endangered species. Dr. George M. Peavy,
the Institute's Veterinary Director, and Dr.
Mike Wyatt of the Catalina Conservancy
removed the bulk of the tumor, which had
resisted conventional surgery, with a carbon
dioxide laser. Then they used a small diode
laser developed jointly by the Institute and
Lawrence Livermore National Laboratory to
activate the photosensitive dye that had been
injected into the kit fox the evening before.

After surgery, the fox went to Dr. Wyatt's
clinic for recovery. "She has made tremendous
progress,” Dr. Peavy says, "and has been
returned to her habitat on Santa Catalina
Island."

A collaboration between NASA's Marshall
Space Flight Center, the Center for X-Ray
Optics of the State University of New York
(SUNY) in Albany, and X-Ray Optical
Systems Inc. of Albany has produced an
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instrument capable of generating the most
intense x-rays known to the commercial
world.

The key to the development is a new type of
lens called "capillary optics.” It consists of tens
of thousands to hundreds of thousands of tiny
channels in a glass matrix, through which x-
rays are guided by total external reflection.
According to Walter Gibson, professor of
physics at SUNY, this affords a means of con-
trolling the direction of x-rays and concentrat-
ing them, something not possible before.

Researchers at the SUNY center and X-Ray
Optical Systems have been working on the
technical development since late 1990. One of
the university team interested Marshall scien-
tists in the theoretical and experimental evalu-
ation of the technology for use in protein crys-
tallography, and NASA provided funding. The
resulting instrument, operated for the first
time late last year, determines the atomic
structure of proteins that are the rargets for
drug design. (See "NASA News Briefs," NASA
Téch Briefs, March 1996, page 18.)

David Gibson, president of X-Ray Optical
Systems, the lens fabricator, says that early
applications for a commercial instrument are
likely to be in materials analysis, for x-ray dif-
fraction and fluorescence, and in neutron con-
trol for neutron depth profiling and similar
techniques. "In the longer term," he says, "we
can expect them to be useful in soft-tissue
imaging such as mammography and angiogra-
phy. Eventually they could find their way into
industry for point-source x-ray lithography
and into basic science measurements such as
x-ray telescopes."

The Department of Defense has made a
grant of up to $3.2 million to the Center for
Optics Manufacturing (COM) at the
University of Rochester (NY) as part of a $6.8-
million effort to automate the fabrication of
aspherical lenses. The Center aims to develop
computerized equipment, another in its series
of Opticam machines, that will reduce the
cost of fashioning aspheres, one of the most
expensive optical components to manufacture.

Funding also comes from several industrial
partners who are devoting time and laborato-
ry resources to the project. They include
Eastman Kodak, CNC Systems, and Sinclair
Optics, all of the Rochester area; Apeiron of
Minneapolis; Lockheed Martin of Orlando;
Moore Tool Co. of Bridgeport, CT; and Texas
Instruments of Dallas. DOD support comes
through the Advanced Research Project
Agency's Technology Reinvestment Program.

COM aims to have a prototype of the
asphere machine, the Opticam AM, by next
year. Fabrication capabilities would include IR
materials such as silicon, germanium, and sap-
phire, visible glasses, and ceramics. The
machine will probably sell for $150,000-
$300,00, like the automated machine for pro-
ducing spheres, the Opticam SX, that has
been delivered to several companies.

Among other COM projects, the Optical
Micro SX for spherical micro-optics, delivered
by CNC Systems late last year, is undergoing
acceptance testing and, according to Michele
Richard, COM program manager, "doing
really well." Also in testing are the Opticam
MRF for magneto-rheological finishing of
optical surfaces, and the Opticam PM for
prisms.

Work going on at Los Alamos National
Laboratory in New Mexico aims to predict
how explosives inside a nuclear weapon might
behave if projectiles such as bullets fired by
terrorists were to penetrate it. High-speed
photographs of the shock waves generated
could provide scientists with the information
needed to make computer models of what
might ensue.

The researchers used a frequency-doubled
Nd:YAG laser, a high-speed camera, and a
specially designed gas gun to measure the
deformation wave produced by a blunt pene-
trator of a block of high explosives. Light from
the laser forms a speckle pattern on the block.
The camera recorded distortions of the pat-
tern, showing how the shock wave travelled
when a small brass projectile from the gun det-
onated the explosives. In addition, infrared
photography showed how heat travelled
through the material after impact.

5 -

A temperature profile of an object after being
struck by a projectile shows how heat is distributed:
near the point of impact, close to the two irregu-
larly oblong areas just above the photos center, the
object is hottest, and it is cooler as the distance
from the point of impact increases.

The experiments offered a preliminary solu-
ton to the classic problem in mechanics
known as the Prandtl Punch Problem. Two
theories on the shape of the deformation wave
produced by a blunt penetrator have long vied
for scientists’ allegiance. One is that a single
wave moves from the center of the penetra-
ton, diffusing force and heat in a three-
dimensional arc. The second hypothesizes that
two distinct waves travel side-by-side away
from the impact point, with sharp peaks
resembling cones, rather than an arc. The Los
Alamos data seems to confirm the first theory.
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Switched-Polarization Birefringent Optical Delay Lines
Polarization would be switched in segments to adjust the overall delay.
NASA’s Jet Propulsion Laboratory, Pasadena, California

Controllable birefringent optical delay
lines are proposed for use in photonical-
ly controlling the phases of the signals in
the radiating elements of phased-array
antennas. Electronic circuits developed
previously for this purpose tend to be
lossy and relatively bulky, and they do not
offer delay resolution fine enough to
enable high-angular-resolution steering
of beams radiated or received by arrays
that contain large numbers of elements.
The proposed optical delay lines would
feature low optical insertion losses and
could be made very compact, enabling
high packing densities where multiple
delay channels were needed. They would
also provide the requisite delay resolution:
the time delay in a line of the proposed
type would be adjustable, in discrete
increments of the order of 0.1 ps with
continuous tuning between the discrete
increments, over a total delay-adjustment
range of the order of 1 ns. Furthermore,
two or more delay lines could be cascad-
ed to increase the delay-adjustment
range.

The upper part of the figure schemati-
cally illustrates one of several design con-
cepts according to the proposal. A delay
line of total length L would be divided into
M segments along the axis of the beam of
light to be delayed (the x axis in this exam-
ple). The lengths of the segments increase
successively by a factor of 2, with the
smallest segment of length AL. Each seg-
ment would contain a birefringent electro-
optical crystal cut along its principal axes
and oriented so that the perpendicular y
and z axes would be the axes of the polar-
ization eigenstates of the crystal; light
polarized along the y axis would propa-
gate along the x axis with an index of
refraction of n, (the “ordinary” index of
refraction), while light polarized along the z
axis would propagate along the x axis with
an index of refraction of n, (the “extraordi-
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nary” index of refraction).

A controllable polarization rotator would
be placed at the input end of each seg-
ment. Provided that the input beam was
initially linearly polarized, the polarization
rotator for each segment could be used to
select y or z polarization, so that the prop-
agation delay in that segment would be
proportional to n, or n,, respectively. Thus,
the overall delay in the line could be
adjusted in discrete increments by chang-
ing the numbers of segments with y or z

The lower part of the figure illustrates an
example of integration of multiple delay
lines into a single compact unit. By using
crystals with larger cross sections and
subdividing each polarization rotator into a
rectangular array of polarization-rotating
cells, one could obtain a two-dimensional
array of adjustable-delay outputs, as
shown in the lower part of the figure. In
this case, it would be necessary to use a
collimating telescope to expand the input
beam to cover the input end of the array,
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SINGLE DELAY LINE

ARRAY OF DENSELY PACKED DELAY LINES

The Delay in Each Segment of Length AL Could Be Switched by using the polarization
rotator at the input end of that segment to select either y or z polarization.

Insn,JAL/c and the total delay-adjustment
range being In-nJL/c, where c is the
speed of light. Electrodes would be
attached to each crystal so that a voltage
could be applied to vary the index of
refraction via the electro-optical effect and
thereby achieve fine tuning of the delay.

plus an array of microlenses to focus the
optical outputs onto a corresponding
array of photodetectors.

This work was done by Xiaotian Steve
Yao of Caltech for NASA’s Jet Propulsion
Laboratory. For further information,
write in 52 on the TSP Request Card.
NPO-19412
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Laser Technique to Fabricate Improved

Backside-llluminated CCDs

The new fabrication method improves the spectral-response and dark current
characteristics of the imaging devices.

Naval Command, Control and Ocean Surveillance Center (NCCOSC), RDT&E Division (NRaD),

San Diego, California

To obtain broad spectral response and
improved imaging capabilities, backside-
iluminated charge-coupled devices
(CCDs) require a high concentration of
dopants peaked at the back surface to
avoid charge trapping due to the forma-
tion of the native silicon oxide. Fabricators
use ion implantation to incorporate
dopants into the back surface in an
attempt to avoid the charge trapping.
Only a small fraction of the implanted
dopant atoms, however, reside in loca-
tions in the crystal that are electrically
active. Therefore, thermal energy must be
provided to permit the migration of
dopant atoms into active sites.

The obstacle that must be overcome
by fabricators when this approach is
relied on is that the backside doping
process (and heating) occurs after all
frontside device fabrication, because of
the mechanical fragility of these thinned
CCDs. A large temperature elevation of
the frontside circuitry at this point in the
process can cause deleterious effects,
including damaged contacts (spiking),
damage to frontside metal layers, and dif-
fusion of dopants affecting transistor
threshold and leakage values. The anneal
temperature is therefore restricted to 400
°C. At this temperature, only 10% to 20%
of the dopants are activated, which does
not substantially improve the device’s
performance.

A novel technique uses a pulsed
excimer laser beam to activate previously
implanted dopants on the backside of the
CCD. Uniform illumination of the ion-
implanted region by the short wavelength
of the excimer laser produces a rapid
melting and subsequent recrystallization

of the backside of the CCD, which simul-
taneously activates the dopant and
anneals out implant damage. This
improves the dark-current response, and
repairs defective pixels by annealing crys-
talline defects caused by the ion implanta-
tion process. In addition, this improves
spectral response (see figure) by removing
the charge trapping at the back surface.
This process heats a very thin layer of
the material to high temperatures on a
nanosecond time scale while the bulk of
the delicate CCD substrate remains at low
temperature. Excimer laser processing of
backside-illuminated CCDs enables sal-
vage and utilization of otherwise nonfunc-
tional components by bringing their dark-
current response to within an acceptable
range. This process is particularly useful for
solid-state imaging detectors used in com-

mercial, scientific, and government appli-
cations requiring a wide spectral response
and low-light-level detection.

A variation of this laser process elimi-
nates the ion implantation step altogether,
and extracts dopants from a surrounding
gaseous ambient and incorporates the
dopants directly into the CCD to produce
the same performance improvements.

This work was done by Dr. Stephen
D. Russell and colleagues at the Naval
Command, Control and Ocean
Surveillance Center, RDT&E Division.
Inquiries concerning rights for the com-
mercial use of this invention should be
addressed to Commanding Officer,
Attn: Technology Transfer Liaison,
NCCOSC RDTE DIV 0143, 53560 Hull
St., San Diego, CA 92152 5001; (619)
553-2101.
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IR Interference Filters Made of Al Patterns on Si Substrates
These filters are relatively thin and can better accommodate convergent infrared beams.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

Infrared (IR) interference filters with pass
bands centered at a wavelength of about
70 um have been made in the form of alu-
minum patterns 1,000 A thick on both
sides of silicon substrates 12 to 15 pym
thick. The substrates, in turn, are mount-
ed on silicon frames 0.2 mm thick. These
filters are prototypes of a class of minia-
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ture band-pass infrared filters that are
small enough to be bonded to, and
cooled with, infrared detectors.
Previously, some infrared band-pass
interference filters were made of metal
meshes stretched taut for suspension
without dielectric spacers and were typical-
ly a few centimeters thick. The present fil-

ters are not only much thinner but are also
less sensitive to the angles of incidence of
infrared beams because the relatively high
index of refraction of silicon causes the por-
tions of the beams within the substrates to
propagate more nearly perpendicularly to
the surfaces. Thus, the band-pass char-
acteristics of the present fitters are less
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A Digital CCD Detector
for Every Experiment

Princeton Instruments, the leading detector manufacturer for over 13 years,
offers a complete line of cooled detectors, accessories, and options. We provide
competitively priced, superior performance solutions to any experimental problem.

Liquid Nitrogen Cooled Detectors

v Liquid nitrogen cooled detectors offer the lowest
dark charge, allowing exposures of several hours

v/ Wide range of precisely thermostated temperatures
v/ Large dewar (shown at right) for longest hold times

v" User selectable software controlled
readout rates for lowest possible read noise

v" Highest actual dynamic range due to

Princeton Instruments optimized electronics

Thermoelectrically Cooled Detectors

v/ Continuous readout up to five million pixels per second

v Completely programmable hardware optimizes
timing, readout rate, and display rate

v/ Dual A/D converters offer both high speed

and high dynamic range in a single detector
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v/ Single photoelectron detection
with maximum detectability

/" Superior grade intensifiers

with high linearity and low lag

v Air cooled model available

Princetonnstruments,inc!

USA: 3660 Quakerbridge Road, Trenton, N.J. 08619 Tel: 609-587-9797 Fax: 609-587-1970
CANADA: Princeton Instruments Canada, Tel: 613-836-1073 FRANCE: Princeton Instruments, SARL, Tel: 1-69-36-47-50
JAPAN: Nippon Princeton Instruments, Tel: 43-268-3610 UK: Princeton Instruments, Ltd., Tel: 01628-890858
Sixteen representatives worldwide. Call or write for the representative nearest you.
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SEE YOUR INFRARED

TEN REASONS WHY NEAR-IR VIEWER |
USERS PREFER FIND-R-SCOPES®! |

The FIND-R-SCOPE® 84499 Series are the most widely |
used infrared viewers. WHY?

[
.

Sensitivity from 350nm to 1550nm”
High resolution and low cost
Easily replaceable parts

18 month warranty

Custom optics

UL listed

Tripod mountable
Free carrying case
Hand-held portability
10. Technical service available

.
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Call our TECHNICAL SALES GROUP at
1-800-355-4FJW for more information.

*Other models to 2200nm

FJW OPTICAL SYSTEMS, INC

629 VERMONT STREET D-R-SCOPE"
PALATINE, ILLINOIS 60067 @ rllllf.med Viewing
PHONE: (847) 358-2500

FAX: (847) 358-2533
For More Information Write In No. 452

Lasiris is the world leader in loser lighting for
machine vision, industrial inspection,
alignment and R&D. Our unique loser fine
generators include:

Lasers For
Structured
Lighting

multiple lines

© Uniform intensity distribution

* Focus adjustment down to 20pm

* Interchangeable pattern heads

* ESD protected to more than 8,000 Volts
* Amplitude and frequency modulation

® Full CDRH safety compliance

* (ompact and rugged design

* Available from stock

crosshair
------ dot line
single line

Call us for all your standard needs or
custom applications.

SEE US AT THE
VISION SHOW ’96, BOOTH #943

circle generators
dot matrix

and custom patterns

3549 Ashby St.
St-Laurent, Quebec
Canada H4R 2K3

1-800-814-9552
Tel: (514) 335-1005
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Fax: (514) 3354576
Internet: htip://www.lasiris.com
e-mail: losiris@montrealnet.ca
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affected by angles of incidence and therefore show less variation
across convergent infrared beams.

In designing a filter of this type, the shapes and dimensions of
the metal patterns are chosen in conjunction with the thickness of
the substrate to select transmission and reflection resonances that,
taken together, yield the desired band-pass characteristic. The
choice is guided partly by approximate mathematical models of the
behavior of electromagnetic waves in and near the filter; the choice
is then refined by experimental trial and error. In the case of the pro-
totype fitters, the metal patterns on the faces of each substrate are
square arrays of crosses (see Figure 1).

Figure 1. Aluminum Crosses in Periodic Square Arrays on both
faces of a silicon substrate form a resonant structure. The transmis-
sion resonance of this structure is combined with the frequency
dependence of reflectance of the crosses to obtain the desired band-
pass characteristic of the overall filter.

In preparation for fabrication of the prototype filters, aluminum
was thermally evaporated on the faces of silicon substrates. The
aluminum-coated faces were coated with photoresist, then the
patterns were written on the photoresist coats by electron-beam
lithography. The photoresist was developed, then used as an etch
mask; the portions of the aluminum coats not covered by the
remaining photoresist were etched away by use of phosphoric
acid. Then the photoresist was removed and the resulting pat-
tern-covered substrates were mounted on the frames.
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Figure 2. The Spectral Transmittance of the filter of Figure 1, as
both calculated theoretically and measured, exhibits a band-pass
characteristic in the vicinity of a wavelength of 70um.

Figure 2 shows measured and calculated band-pass character-
istics of a prototype fitter of Figure 1. The calculation takes account
of a nonuniformity (estimated standard deviation 2 percent) in the
thickness of the substrate. Note that the filtter provides out-of-band
rejection over a rather limited wave-number interval. The out-of-
band rejection could be improved by combining this filter with a
wide-band-pass filter made of a single metal layer with cross-
shaped holes.

This work was done by Alexander Ksendzov, Robert Fathauer,
Paul M. Maker, and Richard Muller of Caltech for NASA’s Jet
Propulsion Laboratory. For further information, write in 20 on
the TSP Request Card. NPO-19462
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Generating StereoAscopicATelevi

With One Camera

sion Images

This technique is amenable to zooming in on small areas within broad scenes.
Lyndon B. Johnson Space Center, Houston, Texas

A straightforward technique for generat-
ing stereoscopic television images involves
the use of a single television camera that is
translated laterally between the left- and
right-eye positions. The camera acquires
one of the images (which could be the left-
or right-eye image), and the video signal
from this image is delayed while the cam-
era is translated to the position where it
acquires the other image. The length of the
delay is chosen so that both images can be
displayed simultaneously or as nearly
simultaneously as necessary to obtain the
stereoscopic effect.

Unlike in traditional two-camera stere-
oscopy, there is no problem of registration
of images from two different cameras and
no need to match fields of view or to adjust
two sets of camera electrical parameters to
match brightnesses, contrasts, and/or col-
ors. Because the use of only one camera
automatically ensures registration of
images, it is a simple matter to zoom in on
selected areas in the stereoscopic images,
without the complexity of adjusting two
cameras and lenses.

In addition, the baseline separation
between the two image-acquisition posi-
tions (the effective interpupillary separation)
can be varied continuously to vary the
stereoscopic image disparity and thereby
obtain such special effects as exaggerated
perception of depth. This adjustability is an
important advantage in remote viewing
(e.g., from an aircraft) because the optimum
baseline separation depends on many vari-
ables, the altitude, and the field of view. In
this respect, the emergence of single-video-
camera stereoscopy is especially timely in
that variable-delay devices for video signals
are becoming increasingly practical, easier
to adjust, and more reliable. Frame synchro-
nizers that provide single frames of delay
can be cascaded to provide longer delays.
The ability to vary the delay makes it possi-
ble to adjust the baseline separation and
thus the stereoscopic image disparity as
needed for the scene in view.

This technique can also be used with
film motion-picture cameras by exposing
the film as the camera moves sideways. To
generate two channels of stereoscopic
information, the film imagery can then be
recorded on video tape, then processed
as though it were generated with a video
camera. Alternately, two fim projection
prints can be produced and viewed with
one print delayed by a finite amount to
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generate stereoscopic imagery.

Potential applications for single-video-
camera stereoscopy include three-dimen-
sional viewing of geological features and
meteorological events from spacecraft and
aircraft, inspection of workpieces moving
along conveyor belfts, and aiding ground
and water search-and-rescue operations.

The technique could also be used to gen-
erate and display imagery for public educa-
tion and general information, and possibly
for medical purposes.

This work was done by Paul P. Coan of
Johnson Space Center. For further
information, write in 88 on the TSP
Request Card. MSC-22586
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Laser Chillers
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Video System for
Inspecting Walls

of Cavities

It is not necessary to rotate the probe to
obtain a panoramic image.

Marshall Space Flight Center, Alabama

An endoscopic video-imaging system generates a
panoramic image of part of the wall of a cavity surrounding the
tip of a probe that is inserted in the cavity. The system can be
used, for example, to inspect the inner surface of a tube, pas-
sage, or manifold located deep within an engine or other com-
plex structure.

Field of View

Annular Lens

110

To Video Camera
ANNULAR LENS AND FIELD OF VIEW

ANNULAR IMAGE OF TEST PATTERN

The Panoramic Annular Lens is 38 mm in diameter and operates in
conjunction with a transfer lens of 25-mm focal length and a stop of
f/1.4. These lenses project the cylindrical scene onto an annulus.

The probe includes an annular lens, a transfer lens, and a video
camera. The annular lens is located at the probe tip, with the
plane of the lens perpendicular to the cylindrical axis of the
probe. It is not necessary to rotate the probe tip to obtain the
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panoramic view because the field of view of the combination
of lenses consists of an apparent cylindrical region that
completely surrounds the probe tip circumferentially and
that extends from 20° back to 25° ahead of the plane of the
lens (see figure). For practical purposes, the depth of field
extends from the surface of the annular lens to infinite dis-
tance. The combination of the annular lens and transfer lens
projects the scene from the cylindrical field of view onto an
annulus in the image plane of the video camera. In the flat
annular image, radius corresponds to axial position and
azimuth corresponds to circumferential position on the wall.

If simple inspection without measurement is required, a
device called a “cylindrical light ring” can be mounted on
the probe to illuminate the scene. Light from an incandes-
cent lamp is delivered to the cylindrical light ring via an opti-
cal waveguide.

A different illumination device can be used when it is
required to measure the distance of the wall of the cavity
from the cylindrical axis of the probe: This device includes a
laser diode and a rotating mirror that projects a ring of light
onto the wall of the cavity. The apparent radial position of a
point on this ring as a function of angular position in the
annular image is related in a known way to the distance that
one seeks to measure. For purposes of both measurement
and enhancement of appearance for ordinary viewing, the
annular video image is digitized and processed in a desktop
computer. Processing can include approximate linearization
of the mapping between points in the cylindrical field of view
and points in the annular image, so as to minimize distortion
of features that one seeks to examine.

This work was done by John A. Gilbert of the University of
Alabama in Huntsville and Donald R. Matthys of Marquette
University for Marshall Space Flight Center. For further
information, write in 77 on the TSP Request Card.

Inquiries concerning rights for the commercial use of this
invention should be addressed to the Patent Counsel,
Marshall Space Flight Center [205-544-0021]. Refer to
MFS-26247.

Laser-Beam-Absorption
Chemical-Species Monitor

Marshall Space Flight Center, Alabama

TR L

An apparatus measures the concentration of a chemical
species in a fluid medium (e.g., a gaseous industrial process
stream). The apparatus directs a laser beam through the
medium, and measures the intensity of the beam after pas-
sage through the medium. The relative amount of beam
power absorbed in the medium is indicative of the concen-
tration of a chemical species; the laser wavelength is chosen
to be one at which the species of interest absorbs.

This work was done by Michael Gersh, Neil Goldstein,
Jamine Lee, Fritz Bien, and Steven Richtsmeier of Spectral
Sciences, Inc., for Marshall Space Flight Center. For fur-
ther information, write in 33 on the TSP Request Card.

In accordance with Public Law 96-517, the contractor has
elected to retain title to this invention. Inquiries concerning
rights for its commercial use should be addressed to
Spectral Sciences, Inc., 99 South Bedford Street #7,
Burlington, MA 01803-5169. Refer to MFS-26351.
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HIGH SPEED 3D PROFILING

Laser
Camera
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The RS2200 Ranger, from IVP Sweden, is a unique 3D
laser profiling solution. The Ranger evaluates profiles,
contours, shapes and volumes at very high speeds.

* 90,000 - 500,000 range values/sec.

* 10 times faster than CCD frame grabber systems.

*  Measures fast moving objects.

* Profile and gray scale images are combined to
provide excellent handling of complex
measurements.

Metolius Inc.
14127 125th Ave NE. Kirkland, WA 98034
TEL 206 820 0760, FAX 206 820 6976

For More Information Write In No. 460 9a
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Ladderlike Switched-Path Optical Delay Lines

These delay lines would be relatively simple, compact, easy to fabricate, and inexpensive.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

Switched-path adjustable optical delay
lines with ladderlike configurations are pro-
posed for use in photonically controling
the phases of radio signals in the radiating
elements of phased-aray antennas and in
adaptive filtering of signals.

A delay line of this type (see Figure 1)
would be a stack of delay blocks, each
block containing a polarization rotator and
two polarization beam splitters. Optionally,
each delay block would also contain lenses
to overcome diffraction; these would be
positive lenses with focal lengths chosen
equal to half the distance between the lens-
es. The lenses could be of any suitable
type; graded-index-of-refraction cylindrical
lenses are shown in the figure. Optionally,
each block would also contain two polariz-
ers to suppress spurious polarization com-
ponents. The polarization rotators would
likely be of the liquid-crystal type, though
magneto-optical or electro-optical polariza-
tion rotators could be used instead.

Each block would operate in either of two
states called “reflecting” and “passing.” To
obtain the reflecting state, the switch K of
the block would be set open. This would
cause the polarization of the incoming light
(the light traveling upward in the figure) to be
rotated by 90°, so that the beam would be
reflected by the two polarization beam split-
ters and thereby redirected toward the out-

put port (downward in the figure). After the
reflected beam passed through the polar-
ization rotator a second time on its way out
of the block, its polarization would be
restored to that of the incoming beam.
Closure of switch K would put the block in
the passing state, in which polarization of
the beam would remain unchanged after
passage through the polarization rotator,
allowing the incoming beam to pass
through to the next block.

Suppose that all the delay blocks below
the ith block in a stack were in the passing
state, while the ith block was in the reflect-
ing state. Then an incoming beam would
travel up through the stack to the ith block,
then back down through the stack toward
the output port. The time delay At of a sig-
nal propagating on the beam would be
given by At = At + 2( — 1)nh/c, where At =
At is the minimum delay in the bottom
block, n is the effective index of refraction of
the block material, h is the height of the
block, and c is the speed of light. The small-
est discrete increment, &t, of adjustable
delay would be that obtained by moving the
turnaround location one block up or down
the stack; that is, 8t = 2nh/c. Typically, &t
would be of the order of 10 ps, while delay
adjustment ranges (which would depend
on the number of blocks in the stack) would
be of the order of 10 ns.

PBS : Polarization Beam Splitter
<« : Polarization in the Page
(® : Polarization Perpendicular to the Page

0 o
7 BN

MOLDED MAIN BODY OF BLOCK WITH SLOTS
FOR DROP-IN OPTICAL COMPONENTS

o050 0

Figure 1. Switchable Delay Blocks Would Be Stacked like building blocks to form incre-

mentally adjustable delay lines.
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For the sake of low cost in mass produc-
tion, the main body of each block could be
injection-molded of glass or poly(methyl
methacrylate). The injection mold could be
shaped to provide slots for the polarization
beam splitters, polarizers, polarization rota-
tors, and lenses. In assembiling a block, one
would simply drop the polarization rotators,
polarization beam splitters, polarizers, and
lenses into their assigned slots, then fix

MULTICHANNEL DELAY UNIT VIEWED
ALONG INCOMING BEAM OF LIGHT

STACKED MULTICHANNEL DELAY UNITS
VIEWED ALONG INCOMING BEAM OF LIGHT

Figure 2. Delay Lines Would Also Be
Stacked to form high-density multiple-
channel delay systems.

these components in the slots by use of an
epoxy with an index of refraction matched
to that of the main body of the block. To
reduce the number of blocks, the heights
of the blocks can be increased succes-
sively by a factor of 2, similar to the crys-
tal arrangement described in the article
“Switched-Polarization Birefringent Opti-
cal Delay Lines” (NPO-19412) on page 3a
of this section.

As shown in Figure 2, many identical
delay lines like that of Figure 1 could be
stacked together to obtain a high packing
density. Because the distance d,;
between the input and output ports of a
delay line does not affect ét, this distance
can be made very small for the sake of
compactness, the minimum allowable
value of this distance being the width of
the light beam plus a small allowance for
misalignment. The minimum allowable
value of distance d, would also have to be
chosen to accommodate the width of the
beam.

This work was done by Xiaotian Steve
Yao of Caltech for NASA's Jet
Propulsion Laboratory. For further
information, write in 43 on the TSP
Request Card. NPO-19413
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LASER DYES

With Exciton, you get a special-
ized team of professionals
knowledgeable in the field of
laser dyes. Since more than one
dye may cover a given spectral
region, we provide the latest
information concerning the best
dye selection for a specific laser
system and application. Exciton
Inc., PO Box 31126, Overlook
Station, Dayton, OH 45437;
Tel: 513-252-2989.

Exciton Inc.

For More Information Write In No. 390

IMPROVE
ANY FUZZY
PROBLEM
WITH
APART!

* World’s leading stray light program! * Improve your sig-
nal-to-noise ratio (SNR) in any optical system. ¢
Optimize your contrast/detection on any ground- or
space-based system. * Specify your surface quality and
BRDF from a full coaring library. * Calculate ghost,
glints, and particle problems before they happen. Breaule
Research Organization Inc., 6400 East Grant Rd., Ste.
350, Tucson, AZ 85715; Tel: (800) 882-5085 or (520)
721-0500; FAX: (520) 721-9630.

Breault Research Organization Inc.

For More Information Write In No. 391

1995/6 LIGHT-
STAR LASER
DIODE INSTRU-
MENTATION

PRODUCTS
LightStar laser diode control
products combine low noise
and high stability, all ar a
pricc you can afford.
Formerly Seastar instru-
ments, LightStar is now manufactured by ILX Lightwave
Corp., in keeping with our commitment to laser diode
instrumentation. ILX Lightwave Corp., 31950 East
Frontage Rd., PO Box 6310, Bozeman, MT 59771; (406)
586-1244; Fax: (406) 586-9405.
ILX Lightwave
For More Information Write In No. 392

VIBRATION
ISOLATION
SYSTEMS

TMC's new 48-page, 4-color
product catalog describes its
complete line of vibration
isolation systems, including
oprical and laboratory tables,

Vibration Solutions

forms, and suspension sys-
tems. Illustrations feature

technical insights, performance chares, specifications, R&D
and manufacturing data. An applications guide and custom
capabilities are also included. Send for the Industry
Standard. Tel: 800-542-9725; Fax: 508-531-8682.

Technical Manufacturing Corp.
For More Information Write In No. 393

table-top and floor plat- |

CD-ROM
HOLDS BEST

4 OF NASA
TECHNOLOGY

JB Data announces The
NASA Technology CD-
ROM, containing 800 previously unpublished NASA software
programs, abstracts of 90,000 NASA technical reports, front
pages and claims to more than 2800 NASA patents, and more.
Source code listings for expert systems, CAD/CAM, acrospace
Bonus: 5700 NASA Tech Brief published over 8 years; NASAs
CLIPS expert system, a $350 value if purchased separately. Runs
on Windows. Price for a limited time: $195. JB Dam, 317
Madison Ave., New York, NY 10017; (212) 490-3999; Fax:
(212) 986-7864; E-mail: pp000531@interramp.com

JB Data
For More Information Write In No. 394

POLISHING
EQUIPMENT
FOR SMALL

LENSES
Larsen Equipment Design’s |
RP-601 radial arm “Bridge
Technology” and substantially
reduced size offer the same or bet-
! = ter pcrformam:c as la:ger more
with size and superior control functions. For microlenses call

| Larsen Equipment Design, 1117 NW 52nd St., Seardle, WA

98107; (206) 789-5121; FAX (206) 789-7756.

Larsen Equipment Design
For More Information Write In No. 395

Wafer-Scale Charge-Coupled Device Imager
The array is a back-illuminated frame-transfer readout of 1960 X 2560 pixels.
Headquarters, Electronic Systems Center, Hanscom Air Force Base, Massachusetts

A charge-coupled device (CCD) imager,
developed by the Electronic Systems
Center (ESC) in conjunction with Lincoln
Laboratory, Massachusetts Institute of
Technology, provides high resolution and
large-format images at high framing rates.
The CCD imager will be used to enhance
the deep-space surveillance capabilities of
the Air Force Electro-Optical Space
Telescope Systems. The imager has poten-
tial commercial applications for use not only
in astronomical telescope systems, but also
in wide-area security surveillance systems,
high-resolution visual inspection systems,
and medical imaging systems.

The CCD chip occupies an entire 100-
mm silicon wafer and comprises a 1960-X-
2560 array of pixels with a pixel size of 24 X
24 microns. The actual focal-plane imaging
area is 61.4 X 47 mm. A complete frame-
store and transfer technique is used to sup-
port high image-framing rates. The integra-
tion period of the next frame can begin
immediately after the frame store, com-
pletely eliminating the wait time for data-
read transfer.

April 1996

The frame store requires 19 ms, while the
maximum frame rate is 3 frames per sec-
ond, using 8 data ports, each having vari-
able data-transfer rates up to 2 MHz. Table
1 provides the significant performance
characteristics of the CCD.

Table 1

CCD Performance Specification

* Solar Quantum Efficiency >0.65

* Quantum Efficiency Variation <2%
RMS

¢ Dark Current @ -40 °C <60
e/pixel/second

¢ Dark Current Variation <10% RMS

® Charge Transfer Inefficiency <1.0 X
10° @ 1620 e, -40 °C, 2 MHz

 Full Well Capacity >75,000 e/pixel

The basic structure of the three-phase
CCD uses three gate levels. The gates are
formed by depositing thin fims of polycrys-
taline silicon, delineating the gate pattem
using photolithographic techniques, and
oxidizing the polysilicon. The SiO,, or poly-
oxide, over each gate serves to isolate the
three gate levels from each other electrical-

ly. The device is thinned to allow back illu-
mination, which provides very high uniform
quantum efficiency, together with 100% fill
factor, avoiding losses due to absorption in
the gate structure, which would occur with
front illumination.

Testing performed on the prototype
wafers included a basic shorts/open test
(checks for gate-gate shorts, gate substrate
shorts, and open circuits, etc.), and low-
temperature wafer probe tests (checks for
put circuit gain, output charge-to-voltage
conversion, and charge-transfer inefficiency
using soft x-rays as a signal source).

The device is mounted with epoxy on a
molybdenum plate. A circular printed circuit
board with the center cut out to fit over the
CCD is wire-bonded to gold-plated traces
along the inner edge of the PCB. These
traces carry the signals and video outputs
to three multipin connectors at the edge of
circuits are resident in the package. In order
to provide a flat focal plane, a package flat-

ness of +10 microns is required over the
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VERSATILE!

UniSlide*
Positioners

Stackable * Move 1 oz. to 400 Ibs.

With or without travel distance
measurement. Travel lengths
from %" to 86" ™\

Choose
from 8 cross-
sectional profiles

7 lead screw pitches, English or Metric,
in standard or high precision grades

Save down-time and expense.
New Catalog G has over 960
reliable UniSlide Assemblies
including Rotary Tables, Plain,
Rapid Advance and Micrometer
Models. Call 800 / 642-6446
for your free copy.

VELMEX INC.

P.O. BOX 38 « BLOOMFIELD, NY 14443
IN NY STATE 716 657- 6151

For More Information Write In No. 458

Directed Energy, Inc
2301 Research Blvd., # 105
Fort Collins, CO 80526

Fax 970.493,1903
"lllll\lﬂ com

Email deiinfo

For More Information Write In No. 459

Table 2
Package Features

¢ All lines are ESD protected

* Video outputs buffered through low
noise follower

* Decoupling capacitors on sensitive
DC lines

¢ 10-layer PCB with separate digital
and analog ground planes

* Molybdenum cold plate

» Standard multipin connectors.

entire chip. Table 2 highlights the package
features.

This work was done by Lincoln
Laboratory, Massachusetts Institute of
Technology, for Headquarters Electronic
Systems Center, Hanscom Air Force
Base, Massachusetts. Inquiries conceming
rights for commercial use should be
addressed to Lt. Mara McNeill, Electronic
Systems Center/XRR; (617) 271-4513.

Optical Process-Control Sensors for
Metallurgical Processes

An accurate new measure of mineral concentrations offers
several advantages over current sensor technology.

US Bureau of Mines, Salt Lake City Research Center, Salt Lake

City, Utah (now closed)

Former Bureau of Mines researchers
developed an optical sensor that uses
color to measure mineral content in miner-
al-purification processes. The sensor is pri-
marily designed for controlling froth flota-
tion, one of the most common mineral pro-
cessing operations.

Froth flotation uses reagents to attach
minerals selectively to the surface of air
bubbles, forming a froth containing the
concentrated mineral. The froth is then
skimmed to separate the desired minerals
from the residue. Experienced plant opera-
tors routinely estimate how well the flota-
tion is performing by visually checking the
color and consistency of the froth in flota-
tion cells. Video technology is now begin-
ning to match or exceed this capacity of
the human eye to distinguish color
changes. The optical sensor can determine
the color and mineral concentration in a
flotation froth or slurry in seconds.

For a quantitative measure of flotation
performance, mill operators have relied on
analyses using x-rays. Optical sensors can
provide composition data much faster than
x-ray sensors and do not reguire shielding
against hazardous radiation. Optical sen-
sors are also more compact and less
expensive than x-ray instruments.

One of the most important advantages
of the optical sensor is that it can mea-
sure mineral concentrations in the com-
plex mixture of air, water, and mineral that
makes up a flotation froth as the mineral
separation process occurs. X-ray analyz-
ers measure concentration in slurries
only after the flotation is finished. As a
result of the fact that flotation perfor-
mance can only be measured after the
fact, process control is difficult.

Other process variables such as the tex-
ture of a flotation froth or particle size can
also be measured using analysis of video
images collected by the sensor. Optical

sensors may also be easily multiplexed via
fiber optics or multiple cameras to monitor
a number of individual process steps simul-
taneously.

The team demonstrated that the instru-
ment can measure copper (Cu) and molyb-
denum (Mo) concentrations in the laboratory
and in a commercial flotation plant. The opti-
cal sensor measures Cu and Mo concentra-
tions in flotation froths with an accuracy of +/
2%. Also demonstrated is the ability of the
sensor to control reagent addition in a flota-
tion process to optimize mineral recovery.

The sensor has also been successfully
used to measure the concentration of coal-
resin flotation products using fluorescent
light emitted from resin exposed to UV light.
Other applications of the optical sensor in
mineral processing are limited only by the
requirement that some optical quality such
as color must be characteristic of the prop-
erty that needs to be measured. Commercial
testing of the instrument is in progress.

Improvements in the control of mineral
processing operations can provide several
valuable benefits in addition to improved
mineral recoveries. Reagent usage, energy
consumption, and pollution can all be
reduced by more efficiently producing
needed mineral products.

This sensor was developed by John M.
Oestreich, Wiliam K. Tolley, and John
Cocanour lll at the US Bureau of Mines
Salt Lake City Research Center. The
Bureau of Mines is now closed. A patent
application has been filed on the method of
using the optical sensor to measure prop-
erties like concentration.

Pending Department of Interior release
of rights to commercialize the technology,
inquiries conceming further information,
commercial use, or demonstration should
be addressed to William K. Tolley, 3192 S.
1940 East, Salt Lake City, UT 84106; (801)
485 2405.
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NEW LITERATURE

Zeiss Coordinate
m Measuring Machines
M Pt o

A new brochure describes a
wide range of coordinate mea-
suring machines (CMMs) offered
by the Industrial Measuring
Technology Division of Carl Zeiss
Inc., Minneapolis, MN. Zeiss
designs its CMMs to meet many
application requirements and
provide solutions for inspecting

large and small parts in con-
trolled environments and on the factory floor. The
brochure includes details on Zeiss' scanning technol-
ogy, which enables measurement of form, position,
and dimension on a single CMM.

For More Information Write In No. 812

Communications
Fiber Optic
Components
Lasertron, Burlington, MA,
offers a 12-page 1996/97
Short Form Catalog of its
lines of fiber optic compo-
nents for communication
and instrumentation sys-
tems. Sections include
lasers, light-emitting diodes, PINFET receivers, PIN
detectors and receivers, transmitters and instru-
ments, and package specifications. The catalog fea-
tures specifications, technical drawings, and pho-
tographs.

For More Information Write In No. 815

Specialized
Video
Instruments
The 1996 12-page Short
Form Catalog from Col-
orado Video, Boulder,
CO, outlines the compa-
ny's line of instruments
for the positioning, mea-
surement, and analysis of
] video images. Included
are a family of video memories, as well as signal ana-
lyzers, measuring equipment, image modifiers, and
still-picture transmission systems. The systems are
designed for use in research, industrial inspection, and
communications.

For More Information Write In No. 818

Precision Optical
Products and
Fabrication
Rl, offers a four-page
sion laser optics and pho-
tonics for medical, industri-
al, and defense applica-
tions and its fabrication
capabilities. Included are
sapphire windows, substrates, lenses, and prisms; laser
optics; and IR detector, sensor and fitter optics. Built
around the five-axis Opticam™ SX machining center for
ing to materials, configurations, dimensions, and testing
and support services are listed.

For More Information Write In No. 821
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Photonics
Components
and System-
Level
Products
Aimed at engineers
and scientists en-
gaged in photonics R&D and manufacturing, the 160-
page standalone photonics product catalog from
Newport Corp., Irvine, CA, features both components
and systems. Included are Newport's laser diode
instrumentation line, consisting of drivers, temperature
controliers, and mounts; benchtop and handheld opti-
cal meters and optical spectrum analyzers; detectors;
and fiber optics, including new tunable and fixed fiber
optic fiters, and fiber optic isolators. The catalog
showcases about 20 new optical fibers.

For More Information Write In No. 813

New Products for
Spectral Analysis
New Products for 1996 is a
20-page catalog supplement
from EG&G Ortec, Oak Ridge,
TN. It contains 17 new prod-
ucts, including DSPEC™, a
totally digital gamma-ray
spectroscopy system; PINS
neutron-activation chemical assay system for field
evaluation of containers holding munitions or haz-
ardous chemicals; the Picosecond Time Analyzer, a
multiple-stop time spectrometer with 1-ps precision
for LIDAR, time-of-fight mass spectrometry, or fluo-
rescence lifetime measurement; and the IGLET-X™
germanium detector with 135 eV resolution for x-rays
of energy less than 0.5 keV.
For More Information Write In No. 816

Two-Stage
Vacvum
Isolation Valve

HPS, Boulder, CO, a divi-

WERy————

N :_;;‘—:_:—-_._:" sion of MKS Instruments
- Inc., has revised and
mmmse= | expanded its brochure

describing the Vacu-
Comp™ Two-Stage Valve,

. a vacuum isolation vaive

used 1o slow system evac-

uation. The booklet has specifications and descriptive

tables on the five-model line, along with technical draw-

ings and information on spare and replacement parts.
For More Information Write In No. 819

Boodfellow Metals and

—= Materials for

~an Lasers &

E . Optronics

e S Almost 4000 items are list-

sesstes ed in the 1995-6 Catalog

=y of Metals and Materials
for Research and Industry
from Goodfelliow Corp.,
Doylestown, PA. Also in-

B cluded are technical speci-

fications and comparative data. The 560-page cata-
log features pure metals, alloys, polymers, ceramics,
composites, and honeycombs, available in small
Quantities and ready for 48-hour delivery.

For More Information Write In No. 814

[ Reflectance
Ml Spectroscopy
e 2 oy Accessory
_— A 4-page brochure from
e S i Labsphere Inc., North
- | Sutton, NH, describes the
1 RSA-HP-53 reflectance
L spectroscopy accessory
& = | for the Hewlett-Packard
M 8453 spectrophotometer.
It has operational features

and specifications for the integrating-sphere-based
accessory; measurement capabilities and typical
applications round out the brochure’s information.

For More Information Write in No. 817

Hih Performance

CCD Cameras
with Many
Options
A 128-page full-color cat-
alog of High-Performance
Digital CCD Cameras from
Princeton  Instruments,
Trenton, NJ, outlines the
company's line, with appli-
cations from microscopy
to astronomy. The cooled
slow-scan imaging CCD cameras have spectral
response from x-ray to the near infrared. The catalog
has specifications for the more than 30 CCD chips
offered in the cameras, and application notes to helip
in selecting from the line.

For More Information Write in No. 823

Flexibility for
Fiber-to-Fiber
Connections
The specification sheet
“Specialty Fiber Acces-
sories” from 8M, West
Haven, CT, describes the
new Fiber Terminator, a
reusable connect/discon-
nect device for joining two
single-mode or large-core
muitimode fibers. The company calls the Fiber
Terminator the first termination device for fibers with core
sizes larger than 200 pm, whose patented design elimi-
nates the need for special tooling fixtures, extra hard-
ware, or adhesives. The sheets four pages contain
For More Information Write In No, 822

Precision Ruled Optical Slits
A capabilities statement from Deerfield Optics,
Framingham, MA, gives details of apertures, sub-
strates, coatings, and applications of available ruled
slits. All variations of linear patterns, single or multiple,
can be ruled on metals, glass, quartz, or ceramics.
Also available are ruled Foucault knife-edges.

For More Information Write in No. 820

LED Transillumination Panels
An eight-page product guide 87-2 from Lumex
Opto/Components, Palatine, IL, describes a new fam-
ily of light-emitting-diode transillumination panels.
for four panel types: chips-on-board, edge-iit, post-iit,
and edge-lit LEDs-on-board assemblies.

For More Information Write In No. 824
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NEW PRODUCTS

T

30-W Diode
Laser

Opto Power Corp., Tuc-
son, AZ, adds the OPC-
BO30-FCTS to its line of
microprocessor-con-
trolled diode laser units. It delivers up to 30 W of con-
stant output power via an optical fiber at manufactur-
er-preset user-selectable wavelengths between 795-
980 nm. Measuring 16 x 16 x 8 in., the unit has four
modes of operation—continuous-wave, single-shot,
multishot, and burst—which can be set on the control
panel. The panel also controls pulsewidth (200 ps-
CW), repetition rate (up to 1 kHz), output power, and
pulse count. The unit has a transient-protected power
supply, active thermoelectric cooling, and an RS-232
interface for external computer control.
For More Information Write In No. 800

Sealed DC-
Excited Carben
Dioxide Lasers
Available with either 12 or
30 W output power, the
Geolase™ series of
sealed DC-excited CO,
lasers from Merchantek Electro-Optics, Carisbad, CA,
have continuous-wave output and “super-pulsing” up
to 2 kHz. The company says these features enable
deep penetration and small spot sizes for ablating
materials; the beam can be defocused for welding and
other surface treatment. The lightweight single-mode
lasers consist of the head, a board-level or turnkey
power supply, optional pulsing control module, water-
cooling system, and beam delivery optics.

For More Information Write In No. 803

Three-Rod
Design in
Nd:YAG
Laser
Continuum, Santa
Clara, CA, says
that the Powerlite
Plus Q-switched Nd:YAG laser has the highest ener-
gy per pulse of any commercially available laser of its
type. A new entry in the Powerlite 9000 series, the
10-Hz Plus produces more than 3 J at 1064 nm and
1.5 J at 532 nm. The company says the simple 3-rod
design allows the laser to operate at low pump levels,
minimizing thermal loading and maintaining beam
quality at 532, 355, and 266 nm. A single-longitudi-
nal-mode seeding option is available.

For More Information Write In No. 806

4-Megapixel
CCD Camera for
Computed
Tomography
Photometrics Ltd.,
Tucson, AZ, offers a
= 12-bit cooled camera

with a 2032-x-2044 CCD array of 9-uym-square pix-
els. Photometrics says the PXL 4200 is ideal for appli-
cations requiring high spatial resolution such as com-
puted tomography (CT), large-format microscopy, film
digitization, and color scanning. It has software-select-
able readout speeds of 0.5, 1.0, or 2.0 MHz: at the
last, an entire array can be read out in 2.6 s, and with
2-x-2 binning at less than 1.5 s, particularly useful for
CT where many images are required for a single 3D
reconstruction.

For More Information Write in No. 809
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Linear

Stage with
0.1-Micro-
meter
Resolution
Polytec Pl, Auburn, MA, adds the M-515 linear stage
to its M-500 family of micropositioners. Available with
300, 200, and 100-mm travel, the M-515 has a solid
forged aluminum base and 100-kg (220-lb.) load
capacity. lts resolution is 0.1 micrometer, and it can
reach a maximum velocity of 100 mmy/s. It is available
with either stepper or DC motors, and an optional
integrated Heidenhain linear encoder to enhance
accuracy and repeatability.

Sy ol Laser Diode
with
Nenastig-
\ matic
Cncnan monmimemsne | Duiput
LASER BEAM
The PointSource™

laser diode from
Blue Sky Research, San Jose, CA, has a circularized
nonastigmatic diffraction-limited output beam. The
company calls it a cost-effective alternative to the
intAnsically elliptical and astigmatic beams of other
laser diodes. Integrated into the hermetically sealed
package is the company's YLENS™ Virtual Point
Source microlens. The device is available with a vari-
ety of output powers and visible and near-IR wave-
lengths, and in small or large quantities.
For More Information Write in No. 802

Excimer
and
Nd:YAG
Focusing
Lenses

For More Information Write In No. 801
The excimer and

Nd:YAG focusing

lenses from OptoSigma Corp., Santa Ana, CA, are
air-spaced multielement lenses optimized for axial
focusing or collimation of laser light. The fused silica
excimer lenses have a wavelength transmission range
of 180-400 nm, and the Nd:YAG lenses, which pro-
vide minimum spot size at 1064 nm, are chromatical-
ly corrected so that a HeNe beam will be in focus at
the same point. A selection of diameters and focal
lengths is offered from stock.
For More Information Write in No. 804

Mounted
Corner Cube
Prisms

Corner cube prisms
from Edmund Scien-
tific, Barrington, NJ,
designed to reflect
any ray entering the
prism face back upon
itself regardless of the
! £ . prism's  orientation,
are mounted in an aluminum body and held in place
with RTV potting cement. They are easily set up via
two %:-20 tapped holes, and each prism has been sil-
vered to decrease polarization effects and increase
field of view.
For More Information Write in No. 807

PC-Card
Enhancementis
for IR Camera

FLIR Systems Inc,,
Portland, OR, announces
several enhancements
for its Prism DS infrared
imaging camera, all
loadable in the field via a
PC card. They include support for 40-Mbyte PC cards
capable of storing 260 high-resolution images; an
isotherm function, enabling multipoint temperature
measurement of an object even as it moves around
the field of view; atmospheric attenuation to compen-
sate for severe ambient conditions; and electronic
zoom.

For More Information Write in No. 805

Laser Diode
Driver with
Current
Sourcing

The AD9660 integrat-
ed laser diode driver
from Analog Devices
Inc., Norwood, MA,
designed for magneto-optical disk drives and optical-
ly driven printers and copiers, serves as a switched
current source. It can switch between read (bias) and
write power levels at rates up to 200 MHz. Dual ana-
log feedback loops and output drivers produce inde-
pendently calibrated read and write currents up to 90
mA and 60 mA, respectively, at 3 V. The AD9660 has
a sourcing current output, eliminating the need for an
external drive transistor.
For More Information Write In No. 808

X-Y
Microposi-
tioners for
Manval
Fine-
Tuning
For the one-time
= adjustments typ-

ical when setting up lasers, mirrors, and related optical
instruments, Charles Supper Co., Natick, MA, offers X-
Y Micro-Slide Assemblies. The aluminum sledges with
hardened stainless-steel drive screws are adjustable
and fully lockable in both planes using a 6-spline drive
key. Three sizes are offered, from 0.500-in. square
with 0.125-in. X-Y travel to 1.490-in. OD with 0.750-
in. travel. Options include Z-axis attachments. Prices
start at $175.

For More Information Write In No. 810

Pockels Cells in Various
Configurations
The Series 1000 high-speed Pockels cells from
Lasermetrics, Saddle Brook, NJ, are fabricated from
highly deuterated (98%) KD*P crystals. For laser Q-
switching, pulse chopping, seeding, gating, and
modulation, they come in a variety of configurations
and housings to match applications. The series
encompasses capacitive, strip-line, and 50-ohm
impedance designs. Switching speeds as fast as 40
ps and apertures as large as 50 mm are standard.
Prices range from $1750 for a typical 10-mm aperture
Q-switch (Model 1059) to $16,500 for a 50-mm
device (Model 1092) used in large systems.

For More Information Write in No. 811
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FREE DATA
ACQUISITION
SOFTWARE TOOL

DAQ Designer 96 is a free sys-
tem configuration software tool

for the PC that takes you
through your application step-by-step, asking you questions,
and recommending all the right equipment, including: PC
plug-in DAQ boards, PCMCIA DAQ cards, signal condi-
tioning and sensor interfacing, cabling, and software. With
DAQ Designer 96, you'll learn everything you need to know
to put together a PC-based data acquisition system. National
Instruments; Tel: 512-794-0100 or 800-433-3488 (US and
Canada); Fax: 512-794-8411; E-mail: info@natinst.com;

WWW: http://www.natinst.com.
National Instruments
For More Information Write In No. 300

OPTICS FOR
METROLOGY

New 1996 Caralog contains
120 pages of information and
prices on toolmaker’s micro-
scopes, stereo microscopes,
alignment microscopes, mo-
nocular zoom microscopes,
micro-telescopes, pocket
microscopes, borescopes,
micro video lenses, and fiber optic and miniature illumi-
nation systems. Also described are centering microscopes,
optical cutting tool geometry analyzers, X-Y tables, and
micro-finishing equipment. Titan Tool Supply Co., Inc;
Tel: 716-873-9907; Fax: 716-873-9998.

Titan Tool Supply Co., Inc.

For More Information Write In No. 301

THE POWDER
METALLURGY
DESIGN
SOLUTIONS
BROCHURE

This 20-page illustrated
brochure, published by
the industry's trade associ-
ation, is yours for the ask-

ing. It presents cost-effec-

tive design solutions and
new ways to handle parts fabrication. Metal Powder
Industries Federation, 105 College Road East, Princeton,
NJ 08540; Tel: 609-452-7700; Fax: 609-987-8523.
Metal Powder Industries
Federation
For More Information Write In No. 302

PRECISION
ALUMINUM
EXTRUSIONS

New! An informative
brochure from MIN-
ALEX, leader in close rol-
erance shapes to 3 1/2”,
illustrates typical applica-
tions and describes capa-
bilities including short
runs. MINALEX, quality
leader, delivers on time, every time. MINALEX, PO Box
247, Whitehouse Station, NJ 08889; Tel: 908-534-4044;
Fax: 908-534-6788.

Minalex

For More Information Write In No. 303

FULLY INTE-
GRATED VESSEL
SYSTEMS

High purity, sterile, or haz-
ardous materials stored, trans-
ferred, mixed, or processed in
custom stainless steel vessels.
Modifications, accessories for

in-place heating, cooling, ster-

ilization, etc. Also heavy-duty
stirrers, variety of finishes, fittings, valves, gauges, probes,
instrumentation, etc. Meet ASME, UN requirements.
Applications assistance, design, fabrication. Custom sys-
tems a specialty; standard sizes stocked.

Pope Scientific, Inc.

For More Information Write In No. 304

STEP & SERVO
MOTOR SYSTEMS
& CONTROLS

Compumotor’s new 408-page cat-
alog covers motion control prod-
ucts. The Engineering Reference

section covers motors, drive &

feedback technologies with illus-
trated examples, how-to section and terminology. Second
section covers Brushless Servo motors, amplifiers, controls
and support software. Third section features Microstepping,
Ministepping, & Linear Step Motor systems, indexers &
encoders. Parker Hannifin Corporation, Compumotor
Division; Tel: 800-358-9070; Fax: 800-328-8087.

Parker Hannifin Corporation,
Compumotor Division
For More Information Write In No. 305

AUTOMATED
DISTILLATION
SYSTEM

Autocol is an automated,
packed column still with
many cost-saving applica-
[i()n\ fUr ,\Ulv(‘nl I'CLU\'L'Y'V.
concentration of wastes, and

small scale batch production

With 15 theoretical plates for
powerful fractionation of components, Autocol can auto-
matically purify and recover individual solvents from
complex mixtures. Send for new color brochure or call
414-251-9300.

Pope Scientific, Inc.

For More Information Write In No. 306

. MULTI-PLATFORM
; INDUSTRIAL COM-
PUTERS INCLUDE
PCI ALTERNATIVES

Pro-Log’s new catalog provides a com-

plete selection of rugged industrial
computer platforms—all backed by a

b b

five-year warranty. Pro-Log offers

Pentium-based PCI/ISA computers for high performance data
acquisition and telecommunications; and now CompactPCI,
Pentium-based computers (PCI in Eurocard formar) for
rugged applications that need real-time performance. In addi-
tion, Pro-Log offers the STD bus and ISA bus. Pro-Log
Corporation, 12 Upper Ragsdale Drive, Monterey, CA
93940; Tel: 800-655-7006; Fax: 408-646-3517.

Pro-Log Corporation

For More Information Write In No. 307

POLYOLEFIN
FOAMS SAMPLE
KIT

Samples of Volara®, a fine-

celled, irradiation crosslinked
polyolefin foam, are available
from Voltek. Volara combines a

smooth, consistent surface quali-

ty and gauge control with supe-
rior mechanical, cushioning, insulating, chemical resis-
tance, and moisture resistance characteristics to make it
suitable for a wide range of applications. It is available in
sheets or continuous rolls in a variety of densities, thick-
nesses, and colors. Voltek, 100 Shepard St., Lawrence,
MA 01843; Tel: 800-225-0668; Fax: 508-685-9861.

Voltek

For More Information Write In No. 308
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COMPOSITE
BEARINGS

Duralon® PFTE Composite
bearings are used in mechani-
cal linkages that pivot, have

linear motion or travel at slow
speeds, high loads, and in full
roration. Let us help you
achieve a maintenance free
mechanism by replacing linear ball bushings, powder
metal and molded plastic bearings. Rexnord Corporation,
2324 Curtiss Street, Downers Grove, IL 60515; Tel: 800-
591-0886; Fax: 708-969-8752.

Rexnord Corporation

For More Information Write In No. 309

COMPUTER
CONTROLLED
VALVES

This brochure describes
APP’s line of remote and
computer controlled on-off,
metering and servo valves,
pressure generators, automat-
ed pressure and flow control

systems, pressure gauge cali-
bration systems, and capability for custom configura-
tions. Pressure range: high vacuum to 60,000 PSI. Tel:
607-257-5544 or 800-APP-VALV; Fax: 607-257-5639;
Address: 83 Brown Rd., Ithaca, NY 14850; E-mail:
info@pmiapp.com; URL: hetp:\\www.pmiapp.com.

Advanced Pressure Products
For More Information Write In No. 310

GET A GRIP...
ON TEST AND
VERIFICATION!
New CodeTEST rools from
Applied Microsystems pro-
vide unit, integration and
system testing, comprehen-

]

sive software performance

analysis, coverage analysis,

and trace and memory allo-
cation analysis, with non-sampled measurements, across
your entire program. Know how your code performs,
how much code your test exercises, and if memory allo-
cation works as planned. Call for your free brochure and
annotated screen-shot package—1-800-895-0831.

Applied Microsystems Corporation

For More Information Write In No. 311

CD-ROM
CATALOG—
WORKBENCHES
AND SYSTEMS

This interactive multi-media

presentation covers Teclab's
workbenches and laboratory
systems furniture. Designed for Windows™, the CD-ROM
presentation features hundreds of benches. Meeting the
Challenge, Teclab's introductory video, highlights unique
features and benefits of a Teclab bench. Select what you
want by clicking on the icons that interest you. Teclab,
Kalamazoo Technical Furniture, 6450 Valley Industrial
Drive, Kalamazoo, MI 49009; Tel: 800-832-5227; Fax:
616-372-6116.

Teclab

For More Information Write In No. 312

COMPUTER
CONTROLLED
AUTOMATED
PRESSURE
REGULATOR

The pressure regulator is designed to provide accurate con-

trol of gas pressures and complement APP’s line of auto-
mated valves and pressure control systems. Controlled by a
0-2V, 0-5V, 0-10V, or a 4-20mA signal from a computer
or a digital input. This regulator is designed for laboratory,
pilot plant, and process control applications. Available in
pressure ranges from 10-30,000 PSL Tel: 607-257-5544
or 800-APP-VALV; Fax: 607-257-5639; Address: 83
Brown Rd., Ithaca, NY 14850; info@
pmiapp.com; URL: hetp:\\www.pmiapp.com.
Advanced Pressure Products

For More Information Write In No. 313

E-mail:

AUTOMATED
PRESSURE
GAUGE CALIBRA-
TION SYSTEM

The Automated Pressure Gauge

Calibration is designed to test the linearity, hysteresis, and
repeatability of pressure gauges and can calibrate up ro 40
slave gauges in one calibration process. This highly accu-
rate system is available in pressure ranges from vacuum to
60,000 PSL. The calibration process and report generation
are casily controlled through Windows-based software.
Tel: 607-257-5544 or 800-APP-VALV; Fax: 607-257-
5639; Address: 83 Brown Rd,
NY 14850; info@pmiapp.com;
heep:\\www.pmiapp.com.

Advanced Pressure Products

For More Information Write In No. 314

Ithaca,

E-mail: URL:

ALGOR
PROVIDES "4-
WAY" INFO ON
THE WORLD
WIDE WEB

Algor's Internet place has detailed information on four

WNWALG FoYY

product lines. Discover Houdini, Algor's automatic CAD
solid model to 8-node "brick” mesh converter. Learn about
Algor FEA, including case histories. Preview engineering
videos, books and multimedia. See all new integrated pip-
ing/vessel/plant design software. If you do not have Internet
access, call for free info. Algor, Inc.; E-mail:
info@algor.com; URL: hup://www.algor.com; Tel: 412-
967-2700; Fax: 412-967-2781.

Algor, Inc.
For More Information Write In No. 315

BOOK WITH DISK
DELIVERS REAL-
WORLD FEA
INSTRUCTION

A comprehensive FEA refer-
ence/textbook that offers a
unique blend of theory & real-

world engineering examples. Dr.
Constantine Spyrakos, well-known finite element stress &
vibration analysis expert, has created a reference for all
mechanical engineers from designers to "gurus.” Richly
illustrated hardcover book includes every example problem
on a disk. Subjects incdlude: FEA basics, element types, mod-
eling, types of analysis & the interpretation of results, Tel: 1-
800-482-5467; URL: hup://www.algor.com/apd.hem;
E-mail: apd@algor.com. APD

For More Information Write In No. 316

NEW KIND OF
MULTIMEDIA
VIDEO
TEACHES FEA
LESSONS

Finite Element Analysis in Action! is a new kind of instruc-

tional video for engincers. Available on VHS tape or inter-
active, multimedia CD-ROM, the video packs a lot of
information into a short running time of only 26 minutes.
Live lab experiments and FEA analysis are conducted to
show how to better use any FEA software. Demonstrates
specific modeling and analysis techniques. Tel: 1-800-
482-5467; URL: hep://www.algor.com/apd.hem;
E-mail: apd@algor.com.

APD
For More Information Write In No. 317

ELECTRO-MAG-
NETIC DESIGN
SOFTWARE

The legendary Vector Fields
suite of software, including
the TOSCA, ELEKTRA and
OPERA packages, combines
classical finite element tech-

niques with user friendly

\F VECTOR FIELDS

interactive graphics for high

accuracy 2D and 3D simula-
tion and design of all types of clectromagnetic equipment.

Vector Fields Inc.
1700 North Farnsworth Avenue
Aurora, IL 60505
Tel: 708-851-1734 Fax: 708-851-2106

For More Information Write In No. 318

MECHANICAL
COMPONENTS

PIC Design's new Caralog
43 is bigger than ever-288
pages,
Modular Framing Elements,
Linear Motion Systems &

including new

Positioning Tables, and
expanded lines of Lead
Screws & Nuts, Belts &
Pulleys, Ball Slides, Shoulder Screws, Bearings, Shafting,
Couplings and much more, all in inch and metric
dimensions. PO Box 1004, Middiebury, CT 06762.
Tel: 800-243-6125; Fax: 203-758-8271; E-Mail:
info@pic-design.com.

PIC Design

For More Information Write In No. 319

PRESSURE
TRANSDUC-
ERS/TRANS-
MITTERS

Taber pressure transducers/
transmitters are outlined in

a new brochure. They are
available in low and high

models in a variety of pres-
sure ranges. Differential
transducers provide high differential overload pressure

and high line pressure capability. Oceanographic trans-
ducers are completely submersible, highly accurate pres-
sure sensors. For more information contact: John Pinder.
Tel: 800-333-5300.

Taber Industries
For More Information Write In No. 320
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Scientific WorkPlace is a
complete word processing

system designed specifically

YiRsiew 3.8

for preparing technical doc-
uments, especially those
containing mathematics.
SWP is a software program
designed for writers in
fields

including: mathematics,

many technical

physics, engineering, and

computer science. Call TCI
at 800-874-2383 or Web

hup://www.tcisoft.com/tcisoft.html.

visit our Site:

TCI Software Research

For More Information Write In No. 321

METAL BELTS
AND DRIVE
TAPES

This general product brochure
describes the various attributes
that make metal belts and
drive tapes an exceptional and
exciting option for design
engineers. Manufactured by

Belt Technologies for 25 years,
this unique famll) of products has helped design engineers
overcome challenging application requirements in the elec-
tronics, aerospace, biomedical, optical and packaging
industries. Belt Technologies, Inc., PO Box 468, Agawam,
MA 01001; Tel: 413-786-9922; Fax: 413-789-2786.

Belt Technologies, Inc.
For More Information Write In No. 322

1996 PCMCIA
PRODUCTS
CATALOG

The new PCMCIA-PC CARD stan-
dard has brought many new devices
such as Video Capture, 16-bit Stereo,
CD-ROM, Wireless Communication
and PC Card Camera Cards. ENVOY
DATA has just released its new catalog
with these new products plus many other products like:
Memory, /O (serial, parallel, SCSI, A/D, etc.), along with
Industrial Card and Drives, Multimedia, Industrial, and
Engineering tools for PCMCIA applications. ENVOY
DATA Corporation, 953 E. Juanita Ave., #A, Mesa, AZ
85204; Tel: 602-892-0954; Fax: 602-892-0029.

ENVOY DATA Corporation
For More Information Write In No. 323

FREE LAMP
CATALOG

PSC LAMPS,
America’s fastest growing sources
of replacement specialty lamps for
A/V, Photographic, Stage, Studio,
Video, Television, Micrographic,
and Graphic Arts equipment, plus
Medical & Electronic instruments.

PSC Lamps, Inc.

Inc. is one of

Customer satisfaction is key to our continuing success. We
offer the best brands induding Osram Sylvania, GE, Philips,
Ushio, and Wiko at the right price, no minimum order &
two-day delivery at no extra cost! For a free catalog, call 800-
772-5267; Fax: 800-257-0760. PSC LAMPS, Inc., 1 Fishers
Rd., Pittsford, NY 14534-9511; E-mail: htep://www.
roccplex.com/psclamps

PSC LAMPS, Inc.

POSITIONING/
MOTION CON-
TROL CATALOG
NEW, detailed 160 page catalog
covers NEATs expanding line of
and

motion control components and

precision positioning
systems. Featured are single axis,
X-Y, multi-axis, rotary, high vacuum, air bearing, and
microscope stages. NEAT also provides a complementary
line of stepping and servometer drives and controls.
NEAT specializes in providing modified, custom, and
turnkey SOLUTIONS to a wide range of positioning and
motion control applications. Please contact our Sales
Engineers at 800-227-1066,

neat@tiac.net for more information.
New England Affiliated Technologies

For More Information Write In No. 325

or send E-mail to

LIGHT
MEASUREMENT

CATALOG

International Light offers their lat-
est version full-line catalog
describing light measurement
instrumentation, applications,
and basic concepts of Radi-
ometry/Photometry. Many new
products are introduced covering a wide range of UV-VIS-IR
applications. All technical details such as spectral and spatial
responses, measurement ranges, and descriptions have been
cither updated, enlarged, or expanded in scope. International
Light, Inc., 17 Graf Rd., Newburyport, MA 01950-4092;
(508) 465-5983; Fax (508) 462-0759; E-mail: ilsales@
indlight.com; Internet: http://www.ind-light.com/

International Light
For More Information Write In No. 326

For More Information Write In No. 324

c-nerhxl, u-xv OXYGEN
2l ANALYZERS

A full-color brochure intro-
duces a complete line of oxygen
B analyzers for the laboratory or
& process line. They are ideally
B suited for monitoring the oxy-
gen levels in all types of gas
streams. Trace oxygen levels

et B mmun from ppb to 100% are accu-
rately determined by these ruggedly constructed instru-
ments. No periodic maintenance or special operator skills
are required. Intrinsically-safe and battery-operated mod-
els are also available.

lllinois Instruments Inc.

For More Information Write In No. 327

TIME AND
FREQUENCY
PRODUCTS

TrueTime's Precision Time
and Frequency Products cata-
log features GPS-Synchro-
nized Clocks in rackmount,
portable, and board-level con-
figurations. Included are illus-

trations and product specs for

Synchronized Clocks, Time Code Products, Board Level
Products and Remote Displays. TrueTime products fit a
variety of time and frequency applications. TrueTime, Inc.,
2835 Duke Court, Santa Rosa, CA 95407; Tel: 707-528-
1230; Fax: 707-527-6640; E-mail: truetime@nbn.com.

TrueTime, Inc.
For More Information Write In No. 328

THE SOURCE
FOR ELEC-
TRONIC &
MECHANICAL
HARDWARE

Seastrom takes pride in

Z=S Seastrom

offering one of the widest
selections of standard
electronic and assembly
hardware available from
stock. Seastrom’s 66-A
Catalog provides a complete source for over 45,000 prod-
ucts. For a free 550-page caralog, call 800-634-2356.

Seastrom Manufacturing Co. Inc.

For More Information Write In No. 329

NEW! OPTICS &
OPTICAL COMPO-
NENTS CATALOG

Edmund Scientific's free 224-page

““"‘ Edmund
Wu¥ Scientific

color technical reference caralog
features one of the largest selections
of precision off-the-shelf optics and

optical instruments. Our unique
line of off-the-shelf optical components can take you from
design, to prototype, to final production. We provide tech-
nical design and production solutions with our extensive
inventory of precision optics and optical components.
Over 8,000 hard-to-find items, including magnifiers, mag-
nets, microscopes, telescopes, and "machine vision" prod-
ucts. Tel: 609-573-6259; Fax: 609-573-6233.
Edmund Scientific Co.
Dept. 16B1, N954
For More Information Write In No. 330

"HANDS-ON"
ADVANCED
COMPOSITE WORK-
SHOPS SINCE 1983

The brochure describes 14 different
"hands-on" workshops in advanced

composite materials technology,

including fabrication, repair, manufacturing, tooling, print
reading, adhesive bonding, ultrasonic inspection of composites,
resin transfer molding, and engineering. Emphasis is placed on
glass, carbon and aramid fiber materials and processes, utilizing
vacuum bagging and oven and autodave curing. Three work-
shops are Canadian D.O.T. approved. REFRESHER WORK-
SHOPS OFFERED. Call toll-free: 1-800-638-8441; Fax:
702-827-6599. Abaris Training Resources, Inc., 5401 Longley
Lane, Suite 49, Reno, NV 89511.

Abaris Training Resources, Inc.
For More Information Write In No. 331

VORTEX TUBES
Data sheet describes how
EXAIR Vortex Tubes pro-
duce up to 10,000 Bru/hr.
with no moving parts. Tubes

AU coreie —

|
| -
|
|

L -50°F with no moving parts! -

convert an ordinary supply
of compressed air into two
streams: one hot and one
cold. Temperatures are
adjustable from -50° to
+250°F. Bulletin highlights
advantages for a variety of industrial cooling applications.
EXAIR Corporation, 1250 Century Circle North,
Cincinnati, OH 45246; Tel: 800-903-9247; Fax: 513-
671-3363; E-mail: techelp@exair.com.

EXAIR Corporation
For More Information Write In No. 332
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AIR KNIFE FOR
BLOWOFF

The EXAIR-Knife reduces air con-

sumption and noise levels on a wide

- ERAR ...

range of blowoff applications. Using
|| asmall amount of compressed air as

Pedwcarciselevsis | | 3 POWeT source, the air knife pulls in
and oY costy

large volumes of surrounding air to
produce a high flow, high velocity curtain of air for
blowoff. Compressed air flow is amplified 30:1. Six sizes up
t© 36" in length are available. Applications include: blow-
ing liquid, chips, and contamination from parts and con-
veyors; cooling hot parts; and air screening. EXAIR
Corporation, 1250 Century Circle North, Cincinnati, OH
45246; Tel: 800-903-9247; Fax: 513-671-3363; E-mail:
techelp@exair.com.

EXAIR Corporation

For More Information Write In No. 333

APP ANALYTICAL SERVICES

Advanced Pressure Products offers a complete line of
pressure and flow control related services including:

* Pressure gauge calibration

* Flow meter calibration

* Isostatic pressure testing

* Burst testing

* Compression testing

* Fatigue testing

* Leak testing

* Cyclic pressure testing

Tel: 607-257-5544 or 800-APP-VALV; Fax: 607-257-
5639; Address: 83 Brown Rd., Ithaca, NY 14850; E-mail:
info@pmiapp.com; URL: hetp:\\www.pmiapp.com.

Advanced Pressure Products

For More Information Write In No. 334

POSITION
CONTROLLED
VALVES

The Advanced Pressure
Products Remote Position
Controlled Valve provides a very cost-effective remote con-

troller for metering valves. The valve is controlled by a single
analog or digital signal (0-5V, 0-10V, or 4-20mA) which
determines the desired position of the valve. The controller
moves the valve to match this target position. Automatic
limit protection is provided. Control can be provided from a
simple remote potentiometer, analog voltage, milliamp out-
put, or via a computer interface. Tel: 607-257-5544 or 800-
APP-VALV; Fax: 607-257-5639; Address: 83 Brown Rd.,
Ithaca, NY 14850; E-mail: info@pmiapp.com; URL:
hep:\\www.pmiapp.com.
Advanced Pressure Products
For More Information Write In No. 335

FIRESTONE
AIR SPRINGS

Your motion control solu-
tion! Firestone Industrial
Product Company's Air-
stroke® actuators and Air-
mount® isolators blow tra-
ditional cylinders and isola-
tors away. The bellows-

traditional way of thinking
about cylinders and isolators. They are durable, self-align-

E-mail: firestone@industry.ner.
Firestone Industrial Products
Company
For More Information Write In No. 336

shaped air springs defy the

ing, compact and cost-effective. Firestone Industrial
Products Company, Carmel, IN; Tel: 800-888-0650;

6-page color brochure of
AEROSPACE
COMPONENTS

Acrospace Components for
Motion Control. Brochure fea-
tures photos, features, specs and
applications on electromagnetic
clutches, brakes and solenoids.
Products are Mil-spec'd for
acrospace and military applica-
tions as “‘C“ as for L()mmcl’kl.ll

and business aircraft.

Electroid Company

For More Information Write In No. 337

AUTOMATED
PRESSURE
CONTROL
SYSTEM
w The Automated Pres-

sure Control System

is 2 Windows-based system designed to allow easy com-
puter control of high pressure generation and control up
to 60,000 PSI for continuous pressurization situations.
Pressure ramps can be programmed for complete hands-
off operation by providing the software with a list of
desired pressures and holding times. Tel: 607-257-5544
or 800-APP-VALV; Fax: 607-257-5639; Address: 83
Brown Rd., Ithaca, NY 14850; E-mail: info@
pmiapp.com; URL: hup:\\www.pmiapp.com.

Advanced Pressure Products
For More Information Write In No. 338

INSTRUMENT
CATALOG
1996

Metric sells, rents and buys
the latest in refurbished elec-
tronic test and measurement
instruments from Hewlett
Packard, Tektronix, Fluke,
Keithley, etc. All products are
tested in our lab to insure

compliance to original man-

ufacturers’ specifications and are traceable to N.LS.T. Six-
month warranty on most models, five-day free trial, complete
with accessories and manuals. BIG SAVINGS 20% to 60%
off list. For free catalog call Metric; Tel: 800-432-3424; Fax:
415-341-8874.
Metric Equipment Sales, Inc.
For More Information Write In No. 339

FIBEROPTIC
TESTER

Automatically measure
the surfaces of a variety of
fiber components includ-
ing connector end faces,
ferrules, APCs, PCs,
fibers, etc. In seconds,
obrain  non-contact,
three-dimensional mea-
surements and industry-
standard statistics of
roughness, apex offset, apex angle, protrusion/undercut,
radius of curvature, and more. For more information,
contact WYKO at: 800-FON-WYKO; E-mail:
sales@wyko.com.

WYKO

For More Information Write In No. 340

Hiram Jones Electron-
ics, Inc./A Division of
the Seastrom Hardware
Group manufactures a
complete line of stan-
dard miniature and sub-
miniature terminals
including: insulated test
jacks, assembled stand-
offs and press-type ter-
minals. All standard cat-
alog items are available

for immediate pricing

and delivery. Call roday for your free 27-page catalog:

800-634-2356.

Hiram Jones Electronics, Inc.
For More Information Write In No. 341

NEW CATALOG OF

THERMO-

MAKE YOUR OWN

LOCATE

COUPLES,
MAKE YOUR
OWN

The HOTSPOT allows

thermocouple wire to be

OVENS & FURNACES

Expanded, 4-color capabilities sec-

HIGH-TECH
RESEARCHERS
& RESEARCH
CENTERS

Synergistic Technologies, Inc.
(STI) publishes valuable information on researchers and

tion, fully illustrated, plus specifica-
tions for over 250 standard ovens

and furnaces to 2700°F, as well as

custom-designed heat processing

formed into freestanding
systems. Includes: laboratory, : :
] ’ ? junctions, or welded to i
bench, cabinet, truck, walk-in and conveyor ovens; clean- : rescarch centers in the high-tech areas of semiconductors,

? metal surfaces. It provides a

room and pharmaceutical ovens; laboratory and industrial advanced materials, electronics, optoelectronics, environ-

simple means of fabricating : > :
mental management and biotechnology. Comprehensive
information on each researcher or research center allows you

to quickly locate new technologies, identify carly-stage

furnaces and environmental test chambers. For baking, » .
& thermocouples “when needed and where needed.

drying, pre-heating, annealing, stress relieving, curing, Brochure and specification sheet available. Address: 7300
North Crescent Blvd., Pennsauken, NJ] 08110. Tel: 609-

662-7272; Fax: 609-662-7862.
DCC Corp.

For More Information Write In No. 343

sterilizing, depyrogenation and heat treating. The Grieve
Corporation, 500 Hart Rd., Round Lake, IL 60073-9989;
847-546-8225; Fax: 847-546-9210.

research and reach laboratory decision-makers. Synergistic
Technologies, Inc.; hrtp://www.netscan.com/sti; Tel: 800-
972-8501; Fax: 919-941-8399.
Synergistic Technologies, Inc.
For More Information Write In No. 344

The Grieve Corporation
For More Information Write In No. 342
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Apec high-heat polycarbonate,
known for its unique combina-
tion of high heat resistance,
rl‘\lghn(’.\( (r.lnsp.l(chx}‘. C(‘I(V[
stability and flowability, is
described in a new 16-page
color brochure issued by the
Polymers Division of Bayer
Corporation, Pittsburgh, PA.
The brochure shows typical
applications for this material, and provides information on
flame retardance, chemical and stress crack resistance, solu-
bility and processing methods. Bayer Corp., Polymers
Division, 100 Bayer Road, Pitsburgh, PA 15205-9741;
Tel: 412-777-2000.

Bayer Corp., Polymers Division
For More Information Write In No. 345

TECHNICAL FIBRE
PRODUCTS MATERIAL
ADVANTAGE

TFP is an Advanced Fiber Nonwoven
Manufacturer that produces veils
varying from 0.2-8.0 oz/yd® from vir-
tually any fiber type. Examples are
Carbon, Aramid, Quartz, Silcon
Carbide, Metal-coated and Glass.
TFP’s accurate fiber blending tech-
nology can result in a hybrid, provide a specific resistivity
level or utilize a thermoplastic fibre for molding. TFP
also produces Intumescent mat for fire protection. Tel:
914-355-4190; Fax: 914-355-4192.

Technical Fibre Products Limited

For More Information Write In No. 346

The Capattery is a high-reliability
double layer capacitor used as a
standby power source in memory
back-up and bridge-power appli-
cations. It has virtually unlimited
cycle life and over 20x the capaci-
tance density of conventional
capacitors. With a Permselective
valve, patented by Evans, 33
Eastern Ave., East Providence, RI
02914-2107, Tel: 401-434-5600;
Fax: 401-434-6908.

CAPATTE Ry

Evans

For More Information Write In No. 347

MERCURY
ROTATING
ELECTRICAL
CONNECTORS

Mercury-wetted contacts are
covered in brochure. They are
superior to conventional slip
rings and fearture sealed, ball
bearing construction. Durable,

com pau , lO\‘V»COS( connectors

offer reliability, extremely low electrical noise, and less than 1
milliohm resistance. Ideal for computers, instrumentation,
thermocouples, cable reels, strain gauges, packaging equipment,
robotics, turntables, testing, and control devices. Mercorac Inc.,
6195 Corte del Cedro #100, Carlsbad, CA 92009.

Mercotac Inc.
For More Information Write In No. 348

RUGGED MINIA-
TURE SWITCH

The new Series 70 is an envi-
ronmentally rugged line of
lighted and unlighted switch-
es. Ready for wet, dusty or
oily duty, the Series 70 is
ideal for a variety of control

and instrumentation require-
ments. Available with DPDT

Momentary or Alternate switch actions. Mounts on 0.700"
centers with 0.880" behind the panel space. Lighted push-
buttons use T-1 LED or Incandescent MFB lamps for a
wide variety of display types, colors, and lighting styles.
StacoSwitch, Inc., Costa Mesa, CA 92626. Tel: 714-549-
3041; Fax: 714-549-0930.
StacoSwitch, Inc.
For More Information Write In No. 349

Find out how Datum Inc.
MASTERS OF 1IN Network Time Servers and
Board Level Timing Modules
can be used to synchronize
your network and worksta-
tions to Global Positioning
System, GPS, satellites and
IRIG Time Code. TCP/IP
and Novell NetwareT™ net-
works can be synchronized to
within 1-10 milliseconds.
VME, VXI, PC, SUN SBus™, QBus™ workstations
can be synchronized to within 1 microsecond. Tel: 800-
348-0648 or 408-578-4161; Fax: 408-578-4165.

Datum Inc. — Bancomm
Division

For More Information Write In No. 350

LUMITEX...
CREATORS OF
WOVEN LIGHT

This eight-page color catalog

ALumitex
Creators of Woven Light

describes new low-power,
long-life light sources for use
in portable and hand-held
applications. Also included

are new woven panel con-

struction options for use in

high-volume, price sensi-tive backing areas. Ideal for
LCD backlighting, machine vision, and switch, keypad,
and control panel applications. Lumitex, Inc., 8443
Dow Circle, Strongsville, OH 44136. Tel: 800-969-
5483; Fax: 216-243-8402.

Lumitex, Inc.

For More Information Write In No. 351

PIEZOELECTRIC
CERAMICS

A 28-page brochure is a design

Morgan Matroe. ne

[| guide for piezoelectric ceram-
ics in a variety of shapes and

‘ ~ sizes. Piezo-electric and elec-
N tromechanical properties for

o s s e s | | various PZT materials (lead
= 33 | zirconate titanate) are includ-

ed, and various types of piezo-
ceramic configurations, including stacks and bimorphs®
are described. Tel: 216-232-8600; Fax: 216-232-8731.

Morgan Matroc Inc.

For More Information Write In No. 352

WINDOWS-
BASED CAM
SYSTEM WITH
SURFACE
MODELING

SURFCAM

mechanical design, surface

integrates

modeling, and powerful
2,3,4, and 5 axis machin-
ing. Compatible with all
other CAD/CAM systems,
solid models are imported and machined. Easy to learn,
SURFCAM runs under Microsoft® Windows™,
Windows 95 and Windows NT. Call 800-SURFWARE
(800-787-3927).
Surfware Incorporated
For More Information Write In No. 353

DC STEP & AC
SYNCHRONOUS
MOTORS

SLO-SYN® DC Step Motors,
Gearmotors and AC Synchronous
Motors Catalog ACDC593 has a
DC step section that describes
motors with 1.8° full, 0.9° half
and 0.0144° microstep capability
and operate to 20,000 steps/sec. Holding torques to 5330
oz-in. AC Synchronous section includes 72 rpm 3-phase
types, 200 rpm types and gearmotors with torque capability
to 26 fi-Ibs and ratios from 3:1 to 125:1. Selection guide
incorporated. Superior Electric, 383 Middle St., Bristol, CT
06010; Tel: 800-787-3532.

Superior Electric
For More Information Write In No. 354

AIR MOVERS

Air Amplifiers convey, vent,

pY = £ T/ —

Alr Amplifiers exhaust, cool, dry and clean—
with no moving parts. Using a
small amount of compressed
air as a power source, Air
Amplifiers move large volumes

of surrounding air to produce

i
- 2000 CFM with no moving parts!-

high velocity outlet flows. Air

amplifiers are compact,

durable, portable, and maintenance free. Applications
include small parts conveying; venting fumes, cleaning,
drying, or cooling parts. EXAIR Corporation, 1250
Century Circle North, Cincinnati, OH 45246; Tel: 800-
903-9247; Fax: 513-671-3363; E-mail: techelp@exair.com

EXAIR Corporation

For More Information Write In No. 355

GENETIC ALGO-
RITHM FOR EXCEL
SPREADSHEETS

Optimize ANYTHING that can be
o=l modeled on an Excel spreadsheet—
electronic circuits, chemical sys-

tems, control functions, schedules,

distribution plans, stock portfolios,

mechanical designs, curve fitting, and more. Originally
developed for NASA, this software is now available to
private industry. Runs on PC-compatibles under
Windows; requires Excel. Price $375. For detailed
information and a free demo version, see www.ica.com/
~nli or contact us at 509-456-8321; Fax: 509-456-8351; E-mail:
stevem@comtch.iea.com.

New Light Industries, Ltd.
9713 W. Sunset Highway, Spokane, WA 99204

For More Information Write In No. 356
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New MRB96 catalog features
super smooth BS&A minia-
ture rolled ball screws with
sizes from 4 mm to 14 mm
diameter. These stocked screws
have leads from 1 mm to 20
mm for high resolution to
high speed applications.
Miniature screw lead error is less than .002"/foot and
backlash is less than .001". BS&A can quickly machine
ends and provide end bearings from stock. Contact: Greg
Tracger, Sales Manager, Ball Screws & Actuators Co., Inc.,
800-882-8857

Ball Screws & Actuators Co., Inc.
For More Information Write In No. 357

APP SERVO
VALVE CON-
TROLLERS

The Advanced Pressure
Products Servo Valve

Controllers use a single
or a pair of microprocessor controlled metering valves
which allow computer control of the flow into and our of
the system to mainain pressure, flow, or other variables.
Single valve servo systems are also available. Tel: 607-257-
5544 or 800-APP-VALV; Fax: 607-257-5639; Address:
83 Brown Rd., Ithaca, NY 14850; E-mail: info@
pmiapp.com; URL: htp:\\www.pmiapp.com.

Advanced Pressure Products

For More Information Write In No. 358

BURST
PRESSURE
TEST SYSTEM

Advanced Pressure Products
has just developed a fully

automated, precise, comput-
er operated and controlled Burst Pressure Test System. The
system is designed to determine the exact pressure ar which
materials burst or fail. Applications include determining:
burst-pressure of disks, tubes, and hoses; crushing-point of
materials; crimp or vent failure of battery casings, etc. Tel:
607-257-5544 or 800-APP-VALV; Fax: 607-257-5639;
Address: 83 Brown Rd., Ithaca, NY 14850; E-mail:
info@pmiapp.com; URL: hetp:\\www.pmiapp.com.

Advanced Pressure Products

For More Information Write In No. 359

FREE CATALOG
OF TOOLING
COMPONENTS

New reference catalog of over

Reia

20,000 items offers a full range
of tooling components and
equipment. Items include
clamps, handwheels, handles,

knobs, spring & ball plungers,
latches, leveling pads, set-up accessories, locating devices,
springs, thread inserts, and metric items. All items are in
stock for same-day shipment with no minimum order
requirement. Reid Tool Supply Company, 2265 Black
Creck Rd., Muskegon, MI 49444; Tel: 800-253-0421;
Fax: 800-438-1145.

Reid Tool Supply Company
For More Information Write In No. 360

WINDOWS-
BASED ENVE-
LOPE SUR-
FACE AREA
ANALYZER

The Windows-Based Envelope Surface Area Analyzer
(WESA) offers a simple, quick, and reliable method for
obtaining the envelope surface area of a powder by using

the flow permeametry technique. WESA uses accurate,
state-of-the-art flow control and is controlled by Windows-
based software which can handle all low level commands
and provide user interface and dialog boxes when needed.
Tel: 607-257-5544 or 800-APP-VALV; Fax: 607-257-
5639; Address: 83 Brown Rd., Ithaca, NY 14850; E-mail:
info@pmiapp.com; URL: heep:\\www.pmiapp.com.
Porous Materials Inc.
For More Information Write In No. 361

CAPILLARY
FLOW
POROMETER

PMI's Capillary Flow
Porometer provides fully
automated through-pore measurement, bubble point, gas
and liquid permeability, average pore diameter, and pore size
distribution. The Capillary Flow Porometer tests small sam-

ples of various geometries as well as complete parts for pores
ranging from 0.03 to 500 microns using inlet pressure as
high as 200 PSI. Windows-based software handles all con-
trol, measurement, data collection and reduction, and report
generation. Tel: 607-257-5544 or 800-APP-VALYV; Fax:
607-257-5639; Address: 83 Brown Rd., Ithaca, NY 14850;
E-mail: info@pmiapp.com; URL: http:\\www.pmiapp.com.

Porous Materials Inc.
For More Information Write In No. 362

TELEDYNE
WAH CHANG:
FIRST IN
REACTIVE &
REFRACTORY
{ METAL
SOLUTIONS

Teledyne Wah Chang is
the world’s largest produc-

er of hafnium, pure niobi-

um, and vanadium, and is also one of the world’s largest
producers of titanium and zirconium, available in various
degrees of purity or in specialty alloys. Visit our Internet
site at heep://www.twea.com or call 541-967-6977.

Teledyne Wah Chang
For More Information Write In No. 363

PNEUMATIC
COMPONENTS
CATALOG

New 95A edition includes many
new and updated products,
including the NEW ISONIC 2
& 3-way solenoid valves, NFPA
interchangeable cylinders, index

table, flow controls, plastic fit-
tings, binary valves, and slide/lockout devices. Special ref-
erence section answers common pneumatic design ques-
tions such as choosing the right valve to control a cylin-
der. Mead Fluid Dynamics, Inc,, 4114 N. Knox Ave.,
Chicago, IL 60641; Tel: 312-685-6800; Fax: 312-685-
7002; heep://www.industry.net/mead.

Mead Fluid Dynamics, Inc.
For More Information Write In No. 364

EXTRUDED
SEALS, GASKETS
& WEATHER
STRIPPING

The six-page, four-color bro-
chure features Lauren Manufac-
turing’s polymer extrusion and
molding capabilities including

pressure-sensitive adhesive appli-
cations, and secondary fabrication services. Also featured
are sections on typical extruded profiles, elastomeric proper-
ties, and a physical and chemical properties comparison
guide. Lauren Manufacturing, 2228 Reiser Ave., SE, New
Philadelphia, OH 44663; Tel: 800-683-0676 or 330-339-
3373; Fax: 330-339-7166.

Lauren Manufacturing
For More Information Write In No. 365

COMPOSITE
BEARING
MATERIALS

Orkort Inc. offers three
full-color brochures fea-

turing the complete line
of composite bearing materials covering 2 wide range of
bearing applications in the marine, hydroelectric and
industrial industries. These materials offer unique
mechanical and physical properties that make it an ideal
bearing material. Orkot is self-lubricating and manufac-
tured in tubes, sheet and finished product. Complete
specs and prices are available for all products. Orkot
Incorporated, 2535 Prairie Rd., Eugene, OR 97402; Tel:
541-688-5529; Fax: 541-688-2079.

Orkot Incorporated
For More Information Write In No. 366

GIGABIT NET-
WORK!

Introducing  Fibre-
Xpress™, SYSTRAN
Corp.’s new line of Fibre
Channel adapter cards
and switches. FibreXpress
provides a way to con-
nect computers at speeds
of up to 1.0625 Gb/sec.
Call 800-252-5601 for
this FREE Caralog!

SYSTRAN Corp.

For More Information Write In No. 367

CONTROL
THE WORLD
WITH VISSIW/
FUZZY-TECH

VisSim/fuzzyTECH
works seamlessly with
VisSim™ 1o create an ideal environment for fuzzy control
development and simulation. Additional VisSim add-ons
indude C code generation, communication design, real-
time 1/O, neural networking, constrained optimization, and
frequency domain analysis. VisSim is used for 6-DOF guid-
ance, anti-Jock braking, servo and drive motor control, web
processes, winders, gas turbines, and data communications.
Visual Solutions, Inc.
487 Groton Road

Westford, MA 01886
Tel: 508-392-0100 Fax: 508-692-3102

For More Information Write In No. 368
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Apolio 11
Commemorative
Sweatshirt

Striking full-color illustration on quality white
shirt recaptures the spirit and excitement of the
Apollo moon landing. Available in adult
sizes-S,M,L XL $19.95 each plus $5.00 ship-
ping/handling.

(NY residents add sales tax.)

MICROMATH®
SCIENTIFIC
SOFTWARE

MicroMath’s software products
include applications for curve
ficting (including differential
equations and Laplace trans-
forms), pharmacokinetic data
analysis, and solution chemical
equilibrium problems. A full-
featured trial version of SCI-
ENTIST for Windows, a gen-
eral data-fitting package, is available on our Web site at
heep://www.micromath.com.

REMOTE
VIEWING
INSTRUMENTS

Inspecting inaccessible areas
or hostile environments is
easy with ITI’s 1800+ rigid
& flexible instruments, spe-
cially built to suit aviation
& acrospace needs. Custom
work a specialty. Instrument
Technology, Inc. - The
Leader in Remote Viewing, PO Box 381, Westfield, MA
01086; Tel: 413-562-3606; Fax: 413-568-9809; E-mail:
iti@scopes.com; htp://www.scopes.com.

contains detailed informa-
tion and drawings on the

widest available selection of
gate, angle, all-metal, slit,
fast-closing, throttle, and
pressure control valves.
Using innovative sealing
technology, they are ideal
for pump isolation, load-locks, beam lines, or other vacu-
um applications. VAT Inc., 500 W. Cummings Park,
Woburn, MA 01801; Tel: 617-935-1446 or 800-935-
1446; Fax: 617-935-3940.

VAT Inc.

For More Information Write In No. 371

Mail with payment to: Associated Business MicroMath InStrument Te¢hn0|09V, Inc-

Publications, 317 Madison Avenue, Ste 921, New York,

NY 10017. For credit card orders call (212) 490-3999. For More Information Write In No. 369 For More Information Write In No. 370
VACUUM NEW SIGMASTAT 2.0 FOR NEW ROGAN
VALVES WINDOWS 95, NT & 3.1 KNOB
VAT’s 225-page catalog It’s like having a professional consultant at CATALOG

your fingertips. Award-winning SigmaStat,

designed specifically for researchers, is the only

software that guides you through your entire

statistical analysis. SigmaStat’s unique Advisor

Wizard suggests what test to run and then

runs it. SigmaStat offers a range of statistical
procedures, automatically checks if data fits underlying
assumptions, and handles messy data. SigmaStat 2.0 takes full
advantage of 32-bit performance, multitasking and the new
Windows 95 interface. Jandel Scientific Software, 2591 Kerner
Blvd., San Rafael, CA 94901; Tel: 800-4-JANDEL (800-452-
6335); Fax: 415-453-7769; E-mail: sales@jandel.com;
Internet: http://www.jandel.com. (ANTSS046)

Jandel Scientific Software
For More Information Write In No. 372

The complete lineup of
Rogan clamping and con-
trol knobs and dials is fea-
tured in this comprehen-
sive, 46-page, illustrated
catalog. Included is
Rogan’s expanded selec-
tion of soft-to-the-touch
Pure Touch™ knobs. To obtain a free copy, contact
Rogan Corporation; Tel: 800-423-1543.

Rogan Corporation

For More Information Write In No. 373

(continued from page 72)
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Materials

Water-Based
Electroplating Maskant
Is Safer

A report proposes the use of the
commercial water-based electroplating
maskant Tolber 0-18 as a nontoxic
alternative to the commercial organic-
solvent-based electroplating maskant
Turco 531-A. The solvent-based
maskant contains 71.1 percent per-
chloroethylene, which is a suspected
carcinogen. In comparison with a previ-
ously qualified water-based maskant
and with 11 other water-based
maskants that were also evaluated as
candidates to replace the solvent-based
maskant, Tolber 0-18 was found to be
equal or superior in key properties,
including suitability for application by
brushing, effectiveness of sealing, and
durability. In addition, this water-based
maskant was found to exert no adverse
effect on the environment or on the
health of workers, and was found to

80

enable users to comply with local and
federal antipollution laws. The use of this
maskant could prove beneficial in most,
if not all, electroplating applications that
involve brush application of maskants to
areas that are not to be electroplated.

This work was done by Garry M.
Pickett of Rockwell International Corp.
for Marshall Space Flight Center. 70
obtain a copy of the report, “Tolber 0-18
Maskant Replacement for SSME,” write
in 99 on the TSP Request Card.
MFS-30088

@ Mechanics

Computed Flow About
the Integrated Space
Shuttle, Revisited

A report discusses numerical simula-
tions of the flow of air about the integrat-
ed space shuttle (the complete space
shuttle assembly including the orbiter,
the solid rocket boosters, and the exter-
nal tank) in ascent. This is an updated

version of the report described in
“Computed Flow About the Integrated
Space Shuttle,” (ARC-12685), NASA
Tech Briefs, Vol. 15, No. 10 (October
1991), page 80. The goal of these and
related studies is to improve the under-
standing of, and the ability to predict,
how the integrated space shuttle will
perform during both nominal and abort-
ed ascent under various conditions. The
emphasis in the computations was
upon the prediction of pressure loads,
and the effects of viscosity were includ-
ed with this emphasis in mind.

This work was done by P. G. Buning,
S. Obayashi, and J. L. Steger of Ames
Research Center; /. 7. Chiu of lowa
State University; . W. Martin, Jr., of
Johnson Space Center; and R. L. Meakin,
Y. M. Rizk, and M. Yarrow of Sterling
Software. To obtain a copy of the report,
“Flowfield Simulation of the Space
Shuttle Vehicle in Ascent,” write in 12
on the TSP Request Card.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Ames Research Center; (415) 604-5104.
Refer to ARC-13163.
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has introduced a Windows NT ver-
sion of ADAMS mechanical system
simulation software. The virtual pro-
totyping software simulates the
behavior of mechanical systems
and analyzes multiple design varia-
tions until an optimal design is
achieved. Applications include bio-
mechanics, medical equipment, air-
craft and aerospace, and industrial
machinery.

For More Information Write In No. 720

Insight Il Version 300 molecular |
simulation software from Molecular

Simulations Inc.,
contains tools

San Diego, CA,
for researchers

working with polymer structure and |

| properties, catalytic processes,

Mechanical Dynamics, Ann Arbor, MI, |

and electronic materials. En-
hanced features include quantum
mechanics utilities and a naviga-
tional tool for the calculation of
polymer miscibility.

For More Information Write In No. 723
Structural Research & Analysis Corp.,
Los Angeles, CA, has released COS-

MOS/M Designer |l design software, |

which contains a MicroStation™

Modeler-based modeling and visual-
ization system for MSC/NASTRAN®
users. It imports and exports solids
data in SAT file format and vector
formats for use with other CAD pro-
grams.

For More Information Write In No. 724

| | Engineers who utilize Servometer’s electroforming
capabilities find their most significant advantage in
our ability to create small and unusually shaped parts.
* Lightweight - Low Inertia

* Extremely close tolerances

* Variable wall thickness

* 125,000 psi min tensile strength

* Available in Nickel, Copper, Nickel/Cobalt,

T.C. Fonts version 4.0 AutoCAD
fonts software from Technical
Software, Cleveland, OH, contains
6028 hand-lettered, low-resolution,
and calligraphy fonts for AutoCAD
users who create tables and charts

for engineering or technical draw- |

ings. International characters and

special symbols also are included.

The Windows program costs $148.
For More Information Write In No. 721

| Gridgen Version 11 grid generation

software from Pointwise, Bedford,
TX, prepares quadrilateral and hexa-
hedral meshes for use with computa-
tional fluid dynamics and other
numerical analysis software. The pro-
gram includes geometry modeling,
grid generation, and direct interfaces
for many analysis software packages
and is available for Silicon Graphics
and Hewlett-Packard workstations.
For More Information Write In No. 726

Gold & Silver
* Can be made an integral unit with a bellows
to produce a “moveable” component

Call for a free brochure.

‘ selwummn‘ Fax (USA): (800) 785-0756

, 501 Little Falls Road Fax: (201) 785-0756
Cedar Grove, NJ 07009-1291 Tel: (201) 785-4630 /

For More Information Write In No. 419

Ansoft Corp., Pittsburgh, PA, has an-
nounced EMSS electromechanical
simulation software, which allows
analysis of an electromechanical
system, including the electromag-
netic device and electronic drive
controller. The program combines
finite element analysis, mechanical
dynamics, and electronic circuit
equations. A perpetual license costs
$19,900; the workstation price is
$24,900.

For More Information Write In No. 722

WinSoft Corp., Santa Ana, CA, offers

PowerLib™ for Windows mathemati-

| cal formula reference software,

which provides more than 2000 for-
mulas, equations, diagrams, charts,
and tables for use in analysis, reports,
and programming. Algebra, geome-
try, trigonometry, probability, hyper-
bolic functions, and other topics are
covered. A chemical periodic table
also is included.

For More Information Write In No. 727

MA, offers

Macsyma, Arlington,
PDEase® finite element analysis
software, which solves nonlinear

static, dynamic, and eigenvalue
problems. The program contains
more than 80 solved demonstra-

| tions involving heat transfer, solid

mechanics, reaction/ diffusion, fluid
mechanics, electromagnetics, and
quantum mechanics.

For More Information Write In No. 725

l : Full Featured Expansion Tray
B for Notebook Computers

TriSpectives™ and TriSpectives Pro-
fessional 3D design software from
3D/Eye, Ithaca, NY, provides 3D
modeling, illustration, and animation
with application to graphics and prod-
uct design. A Windows interface is
compatible with Microsoft Office,
Windows 95, and ACIS-based solid
modeling programs. TriSpectives
costs $300; TriSpectives Professional,
with additional design capabilities,
costs $500.

For More Information Write in No. 728

ONSITE INSTRUMENTS (@]
230 E. Caribbean Dr. , Sunnyvale, CA 94089
Tel (408) 752-1640 Fax (408) 752-1625

USE WITH SELECTED NOTEBOOK COMPUTERS FROM
1 IBM Thinkpad, PANASONIC, AST, & GRID

* From two to eight full-size AT-bus expansion slots
* Operate from 10 to 30 voit DC or 110 to 240 voit AC
* Rugged metal case * Power for internal peripherals
*Video, Parallol, Rs-zsz, l!ouse, and Keyboand ports

NASA Tech Briefs, April 1996

For More Information Write In No. 420



World's Fastest A/D Cards

for ISA and PCI Bus

250 MSPS, 8 Bit A/D
60 MSPS, 12 Bit A/D
16 Meg Memory

Up to 16 cards in
one Industrial PC

Industrial PCs available

Drivers in C, BASIC,
Windows DLL,...

Free Scope software

CSLITE 8bit/40 MSPS/ 16K  $595

U.S. Prices listed above. International prices may vary.

Gqu

Gage Applied Sciences (U.S.) Inc.

1233 Shelburme Road, Suite 400, South Burlington, VT 05403
Tel : (800) 567-4243. Fax : (800) 780-8411, BBS : (514) 337-4317
e-mail: prodinfo @ gage-applied.com. web site: http://www.gage-applied.com

From outside the U.S., contact Gage Applied Sciences Inc.,

5610 Bois Franc, Montreal QC, Canada H4S 1A9 Tel: (514) 337-6893 Fax: (514) 337-8411

Product of the Month

TEN, East Providence, Rl, has intro-
duced an online information service
for engineers, which allows them to
view catalogs and specs; run selection
software and CD-ROMs; view and
download CAD files; send E-mail to any
TEN subscriber; access specialized
databases; find answers to questions;
view new products and company news;
run software updates and demos; place or browse classified ads; and upload or
download shareware. Required equipment includes a 386 or higher micro-
processor and at least 640KB of RAM, DOS 3.3 or higher, a mouse, a modem,
and TEN's Rlink free interim communications software. The service is provided
free via direct access through May 31; a flat monthly fee will be charged there-
after. At press time, the service was expected to be available on the Internet.

For More Information Write In No. 700

EAD
RN Vit Anemers

[ Ok ] Ext [Message[ Hoip |

CS250 8bit/ 100 MSPS /32K  $3,500
CS2125 8 bit / 250 MSPS / 256K $4,995
Cs1012 12 bit/ 20 MSPS /512K $4,995
CS6012 12 bit/ 60 MSPS / 512K $6,995
CS6012/PCI 12 bit, 60 MSPS for PCI $8,995

Call 1-800-567-GAGE

Ask for extension 3405

For More Information Write In No. 421

| entific applications. The user traces

Shock &Vibration

Sorbothane® patented
visco-elastic material
absorbs and dissipates
unwanted energy and out-
performs rubber and other
materials by providing:

* Impact Absorption
Vibration Isolation

e Sound Damping

* Excellent Memory

The Solution to all your energy
dissipation needs.

For a free brochure and
prototype sample.

330.678.9444

Norbothane Inc

2144 State Route 59, PO Box 178, Kent, Ohio 44240
330.678.9444 Fax: 330.678.1303

Uni-Form™ epoxy resins from Multi- |
Seals, Manchester, CT, environmen- |
tally seal electronic, automotive, and
fiber-optic components. The one-part
resins are available in a range of
shapes and sizes and are solid at
room temperature. They melt and |
cure when heated, forming a seal to '
resist dust, moisture, oil, solvents,
conformal coatings, and other con-
| taminants.
For More Information Write In No. 702

|
Immersion Corp., San Jose, CA, has \
introduced the Microscribe-3DL 3D ‘

digitizer, which allows physical ob-
jects of any shape, size, and material
to be turned into 3D data sets for
CAD, 3D-graphics, animation, or sci-

over the contours of a physical object
with the stylus and captures 3D as
points, lines, polygons, or nurbs. It is
compatible with PCs, Macintosh, or
SGI workstations and provides a 66"
spherical workspace.

For More Information Write In No. 708

Ultralube™ permanent dry film lubri- | The Little Guy All On One™ IBM-com-
cant from Diversified Drilube, Tulsa, | patible single-board computer from
OK, features 1/2-micron thickness | Analog & Digital Peripherals, Troy, OH, |
and acts as a mold release for com- | combines all functions necessary for
puter, molding, aircraft, and cutting | data acquisition, program loading, |
applications. It is effective from -212°C | and data transfer on a 3.5" x 4.9" ‘
to +538°C, and will not chip, peel, or | board. It includes a PC-104 connec-

| crack. It is nontoxic, inert, and has a | tor, two PCMCIA slots, two serial

friction coefficient of 0.030.
For More Information Write In No. 704

| ports, an IDE/2 device, a bidirectional |
parallel port, an SCSI port for up to |

seven devices, a floppy disk controller
for two drives, on-board power con-
trol, keyboard interface, LCD and CRT
interface, and a speaker connector.
For More Information Write In No. 705

The PD/CD-ROM Library from Pana-
sonic Communications and Systems
Co., Secaucus, NJ, consists of three
muiti-drive disk autochangers, which
store, access, and archive 50, 100,

The Grabber™ Catch latch assem-
bly from Southco, Concordville, PA,
includes the catch and an integral mi-
croswitch which opens and closes the
switch contacts as a panel door opens
and closes. The plastic assembly can

| operate an indicator light or form part

of a non-safety-related logic circuit.
For More Information Write in No. 706

82 For More Information Write In No. 422

and 200 quad-speed CDs and/or
rewritable PD disks. They provide |
near-online access to shared data
for multiple computer users from a
common data repository. The 50- and

| 100-disk models store up to 33.4 Gb |
| of data and up to 66.8 Gb of data, |

respectively.
For More Information Write In No. 710
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| Falcon Systems, Server Development
Div., Sacramento, CA, has introduced
the FastfilePro™ dedicated file servers
for fast file access to networked UNIX
environments. Features include a 100
MHz Pentium processor, up to four PCI
RAID processors, and a PCl bus that
runs at 132 Mb per second. It incorpo-
rates the AerREAL real-time operating
system and links with Sun, Siicon
Graphics, 1BM, Hewlett-Packard, and
Digital Equipment systems.
For More Information Write In No. 703

The 100-MHz TDS 340, the 200-MHz
TDS 360, and the 400-MHz TDS 380
digital oscilloscopes from Tektronix,
Beaverton, OR, offer more bandwidth
and higher sampling rates than previ-
ous models, store set-ups and wave-
forms, and perform 21 different auto-
matic measurements. A DOS-com-

| patible floppy disk drive built into the

360 and 380 models stores and
downloads reference waveforms and
setups, and imports/exports wave-
form values into application pro-
grams.

For More Information Write In No. 711

Flame-resistant polymers for electron-
ic, aerospace, and automotive compo-
nent protection are offered by Tra-Con,
Medford, MA. The casting, bonding,
and potting polymers include ablative
or sacrificial capabilities for extreme
conditions, flexible formulas for
stress-sensitive castings, lightweight
systems, and rigid structural products.
For More Information Write In No. 707

VersalLogic Corp., Eugene, OR, offers
the VL-186-2 DOS-based CPU board
for the STD 32 bus, and provides up
to 1 Mb of RAM, Flash, or EPROM
memory. PC-compatible COM and
LPT ports are included, as well as an
on-board floppy and IDE interfaces.
The 4.5" x 6.5" board can operate at
temperatures from 0° C to 65° C;
extended-temperature models oper-
| ate from -25° C to +85° C.

For More Information Write In No. 709

WinSystems, Arlington, TX, offers
the PCM-518 analog subsystem, a
data acquisition card which ac-
quires sensor data for any PC/104-
based system. It is designed for
temperature and low-level signal
measurements, and supports ther-
mocouples, RTDs, strain and pres-
sure gauges, resistors, thermistors,
and voltage inputs. The unit sup-
ports eight, individually programma-
ble differential sensor channels with
16-bit resolution.

For More Information Write In No. 712

| Evans Co., East Providence, R, offers
a hybrid capacitor for pulse power,
fitering, and communications appli-

and working voltages to 450V. It fea-
tures an Ru0, electrochemical cath-
ode and a tantalum anode that com-
bine for high energy density.

For More Information Write In No. 701

cations requiring capacitances to 1F |

The ABMR-1000 linear electro-
mechanical actuator from Kolmor-
gen Motion Technologies Group,
Inland Motor, Radford, VA, consists

of a ball screw output shaft with a |

ball nut that attaches to the valve

mechanism. A Goldline brushless |

DC motor with rare-earth magnets,
resolver, and explosion-proof
housing are included. The actuator
supports a continuous load of 400
Ibs. and a maximum statis load of
600 Ibs.

For More Information Write In No. 713

StressTel Corp., Scotts Valley, CA,
has introduced the T-Mike EL ultra-
sonic thickness measurement
gauge, which provides a choice of
sequential or grid format and pre-
loaded software. Features include a
visual alarm LED indicator, B-Scan
for graphical representation of mea-
sured material, a measuring range
from 0.025" to 19.999", a bi-direc-
tional RS-232 serial interface, and
built-in memory to store more than
40,000 readings.

For More Information Write In No. 714
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Heaterstat™ Sensorless
Temperature Controller

||l 2

Low cost, compact DC'controller operates on feedback
from heating element — no sensor required! e Regulates
up to 3 Aat4.5to 60 VDC e Adjustable setpoint
o Solid state design » Wire leads or circuit board mount

Accurate temperature control with minimal space
requirements & power consumption e LCD’s e Vehicular
electronics e Medical devices e Miniature components:
| Crystals, inkjet printheads, lasers e Scientific apparatus

M I N co PRODUCTS, INC.

7300 Commerce Lane » Minneapolis, MN 55432-3177 U.S.A.
Telephone: (612) 571-3121 « FAX: (612) 571-0927

For More Information Write In No. 423

MARCH scaL-Less
MAGNETIC DRIVE PUMPS

March seal-less magnetic drive pumps offer the ultimate
in reliable, trouble-free performance for chemical, OEM,
industrial, hydronic and solar applications.

* Leak-proof, seal-less
magnetic drive

* Friction-free operation
for reduced power
consumption

* Capacities from
210 210 GPM

* Magnetic coupling acts
as a clutch to provide
overload protection

* Broad range of
construction

Send for new catalog showing
complete line.

MARCH MANUFACTURING INC.
1819 Pickwick Avenue

Glenview, lllinois 60025 U.S.A.

1847 729-5300 Fax: 1 847 729-7062

For More Information Write In No. 424 83




ADHESIVE
RESISTS UP
TO 400°F

MASTER BOND SUPREME 11 HT

B Room temperature or heat cure
® High bond strength to similiar
and dissimiliar substrates

m Excellent water and chemical
resistance

® High shear and peel strength
®m QOutstanding
resistance to
vibration, impact
and shock

m Convenient
packaging

m Easy to apply

For information,

call or write: Master
Bond Inc., 154 Hobart
St., Hackensack, NJ 07601
201-343-8983

Master Bond Inc.

Adhesives, Sealants & Coatings

For More Information Write In No. 425

Norton. The innovative
source for peristaitic
pump tubing.

For our latest tubing innovations, call for our
new Peristaltic Pump Tubing brochure, at 216-798-9240.
Or write P.O. Box 3660, Akron, OH 44309-3660.
*From the makers of TYGON" tubing.”

NORTON

Norton Performance Plastics Corporation

For More Information Write In No. 426

ADVANCED
ENGINEERING PLASTICS

| A selection guide of accelerometers

is available from Sensotec, Colum-
bus, OH. The six-page guide features
piezoelectric, shock-resistant, strain
gauge, and crash test accelerometer
models, as well as pressure and
torque transducers, amplifiers, and
instrumentation.

For More Information Write In No. 744

MATERIAL GUIDE

A 16-page brochure from DSM
Engineering Plastic  Products,
Reading, PA, describes engineering
plastics for design engineers who
require temperature- and chemical-
resistant thermoplastic parts. Twenty-
nine different extruded, compression,
and injection molded products are
featured.

For More Information Write In No. 741

A line of power products is described
in a 16-page catalog from Astrodyne,
Taunton, MA. More than 250 modular
products, including AC/DC switches,
miniature open frame switches, high-
power density DC/DC converters, and
desktop external power adapters are
featured with specifications and
mechanical dimensions.

The Brad Harrison® line of connec-
tor products is described in a 148-
page designer's guide from Daniel
Wood-head Co., Northbrook, IL. The
catalog contains sections on Multi-
Port interconnection systems, mold-
ed connectors, control connectors,
safety plugs, and dual round con-
nectors.

For More Information Write In No. 753

For More Information Write In No. 748

PaintFree™ Petra® resin, a PET ther-
moplastic polyester for injection
molding, is described in a brochure
from AlliedSignal Engineering Plas-
tics, Morristown, NJ. Available in a
variety of colors, the resins eliminate
sanding and paint application on
plastic parts.

For More Information Write In No. 751

Laboratory and field analysis prod-
ucts are described in a 1996 catalog
from Orion Research, Boston, MA
Included are electrodes, conductivi-

| ty meters, water quality measure-

ment systems, and electrochem-
istry systems.
For More Information Write In No. 742

Whatman LabSales
Catatog

Lab lnstnanantation & Equpment 1

Whatman LabSales, Hillsboro, OR,
has released a 300-page catalog of
laboratory instrumentation, includ-
ing research equipment, lab supplies
and instruments, pH meters, elec-
trodes, conductivity equipment, and
safety products.

For More Information Write In No. 743

Avantek RF and microwave
components are featured in a
brochure from PSElect, a division of
Penstock, Sunnyvale, CA. IF/RF
cascadable modules, thin-film am-
plifiers, voltage-controlled limiters,
detectors, and IF/RF attenuators
are described.

For More Information Write In No. 746
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Taber Industries, North Tonawanda,
NY, has released an instrumentation
guide of pressure transducers and
transmitters for special-purpose
pressure instruments. The guide fea-
tures photographs, specifications,
and application information.

For More Information Write In No. 747

Poly Hi Solidur, Fort Wayne, IN, has
released a 10-page brochure describ-
ing chemical- and corrosion-resis-
tant polymers available in a variety
of sizes, colors, and modifications.
Operating temperatures and physical
properties of Proteus™ polypropylenes
and other polymers are included.

For More Information Write in No. 752

The Plasmadize® group of compos-
ite coatings from General
Magnaplate, Linden, NJ, is featured
in a four-page brochure. Composed
of layers of metallic and/or ceramic
particles infused with polymers, the
coatings are used to prevent corro-
sion on new or worn metal or alu-
minum surfaces.

For More Information Write In No. 749

Bishop Wisecarver Corp., Pittsburg,
CA, offers a 28-page catalog describ-
ing the Hepco heavy-duty linear slide
system for precision machine tool
applications. Technical specifications,
dimensional diagrams, and applica-
| tion examples are included.

For More Information Write In No. 750

Giitam

Titan Tool Supply Co., Buffalo, NY,
offers a 1996 catalog of optical
instruments, including metrology and
viewing instruments. Also featured are
general inspection tools, micro finish-
ing equipment, video viewing systems,
and a new line of borescopes.
For More Information Write In No. 745

pig-BULL

ME 115 D.C. INDUSTRIAL MOTORS
———

A four-page brochure of thermoplas-
tic products from Westlake Plastics,
Lenni, PA, includes rod, heavy gauge
and thin gauge sheet, film, and tubing
made from fiuoropolymer and elas-
tomer thermoplastics. ASTM, military,
and federal specifications are provid-
ed, as well as material grades and
resin names.
For More Information Write in No. 754

|

) seooK 7V
NINSER L2

Bull Electric, Arlington Heights, IL
offers a six-page brochure describing
DC electric motors. Available from
7.5 hp to 900 hp, the motors feature
laminated frames and a choice of
enclosures.

For More Information Write in No. 740
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A\ furnace or chamber for..

ANY TEMPERATURE,
ANY TEST OR PROGESS,
ON ANY MAGHINE

No matter what make or model your testing machine, SATEC has the right
chamber or furnace for easy mounting, or integration into your test or process
development application. Chambers range from -250°F to 1150°F and furnace
temperatures up to 3270°F. Custom designs available.

SATEC

Materials Testing Equipment
900 Liberty Street * Grove City, PA 16127-9005
1-800-373-4877 « 412.458-9610 « FAX 412.458.9614

For More Information Write In No. 427

ELECTROID

PULSE-OPERATED
BI-STABLE BRAKES

Patented

Pulse Operated Bi-Stable Brakes require

NO CURRENT to hold either the ON or OFF position.
Suitable for any battery powered or low current
supply application requiring a brake...AGV/s, wheel
chairs, robots, aircraft actuators, electric forklifts, etc.

ELECTROID COMPANY

A DIVISION OF VALCOR ENGINEERING CORP.
45 Fadem Road, Springfield, NJ 07081
201/467-8100 Fax:201/467-5656

For More Information Write in No. 428



Mar k efpl Q€€ 10 Advertise — Call (212) 490-3999

Low-Pass

FREE!
130

2l Filters

o 2 Low-pass filters work with A/Ds, solve your aliasing

Optics and noise problems, and give you improved data

or | | accuracy. Alligator Technologies’ AAF line offers:
|ndustry” [ | * 2to16channels « 8-pole Butterworth, Bessel,
‘ « Gainsof0.5102,000 Caver, elliptic, linear phase

« Frequencyrangesfrom charadteristics
1Hz10200 k:g « NEW LabVIEW drivers

Free 130 page product catalog from Rolyn,
world’s largest supplier of “Off-the-Shelf" optics.
24-hour delivery of simple or compound lenses,
filters, prisms, mirrors, beamsplitters, reticles, Call vs today and ask for a FREE short-form catalog.
objectives, eyepieces plus thousands of other " %
stock items. Rolyn also supplies custom prod- A"'g“'“ Technologies
ucts and coatings in prototype or production m“ﬂ“-%"‘r‘“’““&“”"“
quantities. ROLYN OPTICS Co., 706 Arrowgrand Fax: 714-330-

Call 714-850-9984

Circle, Covina, CA 91722-2199, (818)915- 5707,
FAX (818)915-1379

For More Information Write In No. 580 For More Information Write In No. 581 ‘ For More Information Write In No. 582

Bl Normal-through

Dual Patch Jack...
with Separate 20dB Monitor Jack!

FREE

s Windows 95
Motion Control Software
Linear Motion Stepup 95 Rotational Motion

Clean signals with no
loss of data.
Trompeter’s newest
member of its J24W,
75 ohm, line of

Intuitive User Friendly Patch Jacks,

Engineering Software Direct is your i

#1 source for engineering software! Complete Unit Auto Conversion | Oﬁef§ a 2QdB

The more than 1,000 products listed in : == . monitor with an

this catalog were developed by software Special Graphical Position Display uninterrupted signal

and practicing and S

represent a vast resource of lools that Controls Multiple Stepmotors The J24dWMST-75 handles data

can help you get your job done better, |

more accurately, and more quickly, & [ Limitless Smooth Distance and r;tes up to 75Mb (150MHz) and the true

Rotational Capabilities High Frequency J24dWMSTHF-75 handles
r’* o B s serial digital data rates up to 300Mb
Lyceto nter Complete Motion Profiles in ANY 3 k 3 1

Uniits of Distance and Time, and Walk | (600MHz). Available in Twinax and Triax.
Away, StepUp 95 will do the rest! _ Quality doesn’t cost...it pays!

The Mellen Company

50w A\TROMPETER
Certified  ELECTRAONICS, INC.

Call 800-633-6115
' ‘oo 8’8 ’m .~ R.F.D. #5 Penacook, N.H. 03303 mellen @ kear.tdsnet.com 31186 LaBaya DY.. Westlake Village, CA 91362
Fl - - d, (800) 982-COAX - Fax (818) 706-1040
Scilech International 2525 N. Elston Ave., Chicage, IL 60647 http://Iwww.industry.net/trompeter.electronics
SciTech 151265151 rer 31286973
— t-moll info@ scitechint.com URL hitp:/ /www.sctechint.com

Please Send Information Write in No. 585
For More Information Write In No. 583 For More Information Write In No. 584 Please Call Write In No. 588

e Control Data acq and signal conditioning

Practically N ONE PACKAGE! ==
Anything. # Replaces chr rcoders & scope
from $79 # Accepts plug-in amplifiers
- 4 Connects to your PC’s printer port |f
# Fast 250,000 Hz sample rates ‘
¢ Ready-to-run recording software

Forget muitiple boxes. Set aside
Our miniature controllers are ideal fo YOOV, Madewind, lestumicon.

u u rollers are i r ] 3 > AL
machine control and data acquisition. | Our .pfoducts take you from sensor to final results with computer: CALL FOR
Easy to progam with our Dynamic C. | | Precision. Our DI-500 portable, rack mounted, or desktop hardware FREE
Save time and money. Call for your free |~ measures TCs, rtds, vac, vdc, rpm, and strain—virtually any sensor ~ INFORMATION

demo disk today! | used in industry—with safe. 1000 V isolation per channel. Our ready-
e~ B 1724 Picasso Ave. to-run WinDagq software allows you to acquire, display, record, play-
& 3 51?;55705 375515 ‘ back, and analyze your toughest waveforms with more speed and

916.753.5141 FAX flexibility than you've ever seen on a PC.

\ WORLD
N  hitp://www.zwOrld.com
For immediate information, call our 24-Hr AutoFAX

] DATA 5
916.753.0618 from your FAX. Request catalog #18. INSTRUMEN% 800'553-9006 Copyrigh © 1995 by Dot nstrument, o

For More Information Write In No. 586 | For More Information Write In No. 587

1
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METAL SOLUTIONS

Over 60 different alloys in strip, wire and centerless
ground bar stocked in our Elgin and Dallas warehouses.
B When your design criteria : high

strength, lightweigh, corrosion and/ot fem-

perature resistance, please call Elgiloy at
847-695-1900. Our strength lies in supplying

STRIP w WIRE

small quanttes for prototype festing 04 Typical nsiramentation
design experiments with short tumaround time.  Applications:
. ﬂ'[lo’» N
* MP 35N
Typical Airframe Applications:
¢ Elgiloy
*Haynes 242
elconel X-750 .~
*Inconel 718
*MP 35N
Typical Power Plant Applications: . mamum
-Zum%xlm = rs ameoaes
L ,W“
« Haynes 1”( 4 Elgiloy® Limited Pmrsth -
o Waspaloy 1565 Fleetwood Dr., Elgin, IL 60123 -

Phone: 847/695-1900 Fax: 847/695-0169

*Rene 41 intemet: HTTP: /WWW ELGILOY.COM
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Briefs, we invite you to subseribe + Cost effective solutions for dimensionally Dynaflow, Inc. $3K-5K, from the pioneer in
for a full year — four EXPANDED stoble, machinable ceramic et (301) 604-3688 FAX (301) 604 3689 ;g-zisedegg'ec-fe‘évtgré‘:vg
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educators and the general public.
Don’t miss a single issue...subscribe
Sidayt "How To Offer Your Inventions Upon Demand
Send payment to: Associated Business . " Creators of intellectual property (IP) with
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Robert P. Bell
Robert Platt Bell & Associates, P.C.

917 Duke Street ® Alexandria, VA 22314
(703) 683-8822 FAX (703) 683-8823
E-mail: RobertBell@BELLPAT.COM
Specializing in patent, trademark and copyrighting matters.

“Partnering For A Better Tomorrow”
Federal Laboratory Consortium 1996 National Meeting
May 6-9, 1996 * Red Lion Hotel * Seattle-Tacoma International Airport
The FLC's 600+ member labs and agencies offer a wealth of tech-
nology transfer and partnership opportunities. Discover how you
can take advantage of the nation’s greatest R&D resource!

* Meet technology transfer experts and award-winning scientists

. . . and engineers
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It's time to simplify visual data analysis with

PV-WAVE:NAVIGATOR'

Rapid application

development for
visual data analysis
just got easier!

Now uwilacie for
Windows 95 and
Windows NT

The PV-WAVE:NAVIGATOR :
Graphical User Interface (GUI) offers
a foundation of pre-engineered tools
for easy visual data analysis. And, with |
PV-WAVEs reusable objects, every '
tool can be easily customized and

extended to meet your ever-changing

analysis and visualization requirements.

Start your data exploration with the
Navigator, then add your own specific
tools with the smart, 4GL program- :
ming environment of PV-WAVE.

For More Information Write In No. 595

PV-WAVE is an architecture-neutral

and portable programming language

which allows you to distribute your

applications across heterogeneous

¢ platforms.

Vis umerics’

YOUR PARTNER IN DATA EXPLORATION
For immediate information, visit our home page

WORLD WIDE WEB: http://www.vni.com
800-364-8880

Telephone 713-784-3131 @ Fax 713-781-9620
e-mail: marketing@houston.vni.com
CompuServe: go pvwave (at any ! prompt)
London + 44 (0) 1753-790600 M Paris + 33 1 46 93 94 20
Srutrgary + 49 711-1387-0
Taiwan 886 (0) 2-727-2255 @ Tokyo 81-3-5689-7550

PYWAVE 4 a regissered U S Trodeman of Visud Nusesics

Nindows NT o sodemarks of Micssok Corporsion
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NEC/PATRAN

Group Ust  Viewport  View Display Praferonces  Applications

e
Gro . Materiai sy Rrselts v XY Plot i N a
Finite Elements + £ Loed Cases Anaan o imsight A<
= —towckle. @ - defesit viewpert -~ WSOCKAEONY ~eetisy & Aywi
!

gue Anatyaia of an Automobile Steering Knuckie
ing 12 Indepandent Loeding Inputs
CPATRAN - MSC/NASTRAN - MSCFATIGUE

MSC/PATRAN defines the concept of the open CAE
environment. It's boundless. Broad. Deep. Full-featured. Fast.
Extensively integrated. Fully programmable. And ready to use.

MSC/PATRAN is tightly integrated with MSC/NASTRAN and
-provides direct CAD geometry access

that is second to none in the industry.

Unique preference tools give analysts

the flexibility to access the solver of their choice,

using the syntax specific to that code. From small
companies to large corporations, MSC/PATRAN users create

. customized applications to suit their
prcar et Enanng S/ TR

* advanced functionality is an easy-to-leam, easy-to-
use, Motif-compliant user interface. Experience the wide-open performance that
MSC/PATRAN can deliver to your organization. Call 800-642-7437, ext. 500
today for our informative brochure. Don't get left behind.
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