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LabWindows/CVI

e’d like to introduce our family of instrumenta-
tion software. Most of you have met one
or more of our software products already.

Software System Architecture

Our family has several levels of software products —
application software, driver software, and utility soft-
ware. With several levels of software, you can choose
the software that matches the needs of your application.

Driver Software

Our foundation is our driver software — NI-488.2,
NI-DAQ, and NI-VXI. Each has a common interface,

so regardless of your computer platform, your programs
are portable. Best of all, these drivers are delivered with
our hardware.

W

The Software is the Instrument ©

NI-VXI™

Utility Software

Many of our hardware products also include utility
sofware, such as DAQWare™and the new SpectrumWare™.
Utility software helps you get up and running quickly
with your hardware.

Application Software

LabVIEW, LabWindows, and the new LabWindows/CVI,
our award-winning application software products, are
widely known in the world of instrumentation. Our
application software is built on our driver software and
is also portable across popular operating systems.

When it comes time to build your next instrumentation

system, give us a call. We'd like you to get to know
our family better.

Call for FREE Demo Software
(800) 433-3488
(U.S. and Canada)

) .

6504 Bridge Point Parkway ® Austin, TX 78730-5039 e Tel: (512) 794-0100 » 95 (800) 010 0793 (Mexico) * Fax: (512) 794-8411

Branch Offices: Australia 03 879 9422 « Austria 0662 435986 « Belgium 02 757 00 20 « Canada 519 622 9310 » Denmark 45 76 26 00 * Finland 90 527 2321 * France 1 48 65 33 70 » Germany 089 714 50 93
Italy 02 48301892 « Japan 03 3788 1921 = Netherlands 01720 45761 « Norway 32 848400 * Spain 91 640 0085 * Sweden 08 730 49 70 « Switzerland 056 27 00 20 » U.K. 0635 523545

© Copyright 1993 National Instruments Corporation. All rights reserved. Product and company names listed are trademarks or trade names of their respective companies.
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Watlow's custom-designed heaters can
get straight to the heart of any heating problem.

Someday, the human heart may get an assist from of engineers. With over 250,000 designs on file,

a permanently implantable blood pump that’s fully Watlow has come up with the ideal heating solution
capable of keeping pace with the natural heart, for virtually every kind of application imaginable. From
regardless of stroke volume, heart rate or aortic load. the ordinary to the extraordinary, no one delivers better

Stirling Technology Co., working with the National than Watlow. So next time you have a special heat
Heart, Lung and Blood Institute, is developing such a application, make sure you call Watlow. It'll

device right now that is powered by a thermal
battery. And its heat source? Two special
Watlow curved cartridge heaters.
Special applications like this are
nothing new to Watlow's in-house team

be just what the doctor ordered.

For more information about this application or to
get the Watlow catalog FREE of charge, call us
at 314-878-4600 or request by FAX at

314-878-6814.
WATLOW

For More Information Write In No. 662
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DESKTOP
MANUFACTURING...

We are the leading supplier of sealed CO; lasers to manufac-
turers of “desktop” or fully automatic laser processing equipment,
covering @ power range ﬁ'om 7 to 200 Watts. We manufacture
more CO; lasers than any other company in the world.

The parts shown above are manufactured or marked in sec-
onds to minutes with a sealed 25 Watt CO, laser on the same
workstation. A PC generated CAD file addresses the laser beam in
infensity and x-y motion.

Laser and machine operating costs are about half a penny
per Watt-hour, while creating parts worth $5 per Watt-hour; all
without hard tooling. Laser acquisition cost is $100-$150 per
Waitt, while a gas life of 20,000 “on” hours assures years of
reliable service.

Our International Representatives
Australia: 61-3-761-5200. Belgivm & Luxembourg: 32-71 48 84 48. Canada: 514-331-3202.
China: 86-1-5002255 x 4350. Czechoslovakia, Hungary, Poland, Slovak
Republics: 49 89 15 60 11. Denmark: 45-39-40-60-44. France & Switzerland:
33-1-60-79-59-51. Germany, Austria, Switzerland: 49-89-8901350.
Greece: 30-31-204550. Israel: 972-9-574111. Japan: 81-3-3758-1111.
Korea: 82-2-753-3108. The Netherlands: 31-1720-31234.

Poland: 48-224-318-02. Singapore: 65-382-2633.

South Africa: 27-12-86-1100/8088/8052. Spain: 34-1-519-01-65.
Sweden & Norway: 46-8-7569190. Turkey: 901-516-22-17.

United Kingdom: 44-908-221123.

Our sealed CO,, lasers
help make it possible

If you are interested in putting the extreme productivity of
sealed CO, lasers fo work in your applications, talk to us—we will
help you. Our patented “All Metal” technology is simple, reliable
and proven world wide in thousands of insf(;ﬂ(y:ﬁons:

COLOR MARKING OF ALUMINUM e CUTTING e DRILLING ® ENGRAVING
o ELECTRONIC COMPONENT MARKING o GASKET MANUFACTURING *
GLASS PROCESSING e HEAT SEALING ® MODEL MAKING ¢ MOLD TRIM-
MING e PERFORATING e PLASTIC PARTS e POLYMERIZING e RESISTOR
TRIMMING © SCRIBING e SIGN MAKING e SAIL CUTTING e SOLDERING
o TEXTILE CUTTING ¢ WATERMARK SENSING * WELDING e WIRE STRIP-
PING e 3D LITHOGRAPHY

SYNRAW

11816 North Creek Parkway N.
Bothell, Woshington 98011-8205
(206) 483-6100 Fax (206) 485-4882
1-800-SYNRAD-1 (1-800-796-7231)
For More Information Write In No. 680




Youre CRAZY
About Statistics:

The more you know about statistics,
the more you'll love STATGRAPHICS
Plus. With its completely menu-
driven procedures, spectacular
interactive 3-D graphics, and a choice
of DOS or Windows versions,
STATGRAPHICS Plus wraps together
everything you've ever wanted in a
statistics package.

STATGRAPHICS Plus makes com-
plicated statistics easy. Point-and-
click menus give you access to
regression analysis, ANOVA, quality
control, experimental design, multi-
variate and time series methods,
nonparametric statistics, and much
more. And STATGRAPHICS Plus
for Windows includes our revolu-
tionary new StatFolio, which makes
saving and reusing your work a
breeze. Then, when you need to
rerun last week’s analysis on a
new set of data, just a few mouse
clicks will recalculate everything
automatically.

If you're ready for statistical graphics
software that thinks the way you
do, call us for details about
STATGRAPHICS Plus. You'd be
crazy not to.
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Read This if

Statistics Drives
You CRAZY :

The less you know about statistics,
the more you'll love STATGRAPHICS
Plus. Because you can use it to
master statistics even if you barely
remember statistics. STATGRAPHICS
Plus is the easiest-to-learn, easiest-
to-use statistical analysis package
you can buy. And it's available in
both DOS and Windows versions.

No matter how little you remember,
or ever learned, about statistics,
STATGRAPHICS Plus knows it
all. In fact, PC Magazine says that
STATGRAPHICS Plus “artfully
combines statistics, graphics and
data manipulation in an almost
seamless way.” With just a few
keystrokes or mouse clicks,
STATGRAPHICS Plus will help you
make an accurate sales forecast,
improve a manufacturing process,
or work toward a cure for cancer.
And if you ever need assistance, you
can rely on our award-winning
documentation, intelligent on-line
help, and telephone support.

Fact is, STATGRAPHICS Plus is the
perfect statistical graphics package
for people who aren’t crazy about
statistics. After all, your data analysis
problems shouldn’t have to drive
you insane.

STATGRAPHICS® Plus

In Maryland, 301-984-5123, Outside the U.S., 301-984-5412

800-592-0050, ext. 450

Manugistics, Inc., 2115 E. Jefferson St., Rockville, MD 20852. STATGRAPHICS is a registered trademark of Statistical Graphics Corporation. Quote reprinted from
PC Magazine, May 11, 1993. Copyright ©1993 Ziff-Davis Publishing Company, L.P. Other trademarks are the property of their respective owners. STATGRAPHICS Plus
runs on 386, 386SX, and 486 computers with at least 4 MB of RAM and a graphics card. DOS version for 286/640K machines also available. Authorized international
dealers: Australia (03)866 1766, United Kingdom (071)436-9481, France (01)45-27-20-61, Germany (089)45114-0, (069)80053-0, (0212)339099, Italy (02)29404830,
Spain (01)5350125, Sweden (031)776 01 21, Netherlands (03402)66336, Hong Kong 851-7998, Korea (02)222-3418, Taiwan (02)788-6777, Malaysia (03)717-0077,

Poland (012)128-270, Singapore 254-5245,

For More Information Write In No. 517



Mathematica

RUNNING INTO A WALL
| WITH YOUR OTHER SOFTWARE?

Engineers and scientists
with other technical soft-
ware can do fine...within
certain boundaries. But try
to find something useful,
such as the FFT of an array
whose size is not a power of
two, or compute the value
of a Bessel function with
complex arguments, and
you hit a wall. With Mathe-
matica, common obstacles
like these don't stop you in
your tracks.

Over 50 Mathematica-related books,
journals, and tutorials are available
to get you started and keep you
going. And for personal assistance,
you can always count on our techni-
cal support staff. So go on, get
back to work. With the power
of Mathematica behind you,
there’s no telling how far you
will go.

To get the latest information call:

4 1-800-441-MATH

Only Mathematica notebooks enable users to create interactive documents
combining text, live formulas, and graphics that can be modified within
the document

Mathematica easily gets
you through the every-
day calculations quickly and effi-
ciently. And when you run into
something new, Mathematica helps
you right through that, too. If the
answer’s not in one of the over 900
built-in functions or more than 100
special-purpose packages that come
with the program, you can cus-
tomize the program and build your
own functions.

©1994 Wolfram Ressarch, inc. Mathematica is a registered trademark of Wolfram Research, Inc. Mathematic

Ask one of the many engineers that
have been using Mathematica for
years, at companies both large and
small around the world, and they’ll
tell you Mathematica has never let
them down. In fact, with unsur-
passed graphic capabilities and a
unique notebook feature to present
your work to others, it can actually
make you look even better than ever.

-

For More Information Write In No. 623

(U.S., Canada)

" Wolfram Research

Wolfram Research, Inc.
+1-217-398-0700; fax: +1-217-398-0747; email: info@wri.com

For European inquiries:
Wolfram Research Europe Ltd.
+44-{0)393-883400; fax: +44-0)393-883800; email: info-euro@wri.com

Representatives in over 30 countries; contact main office.

ated with Mathematica Poficy Resaarch, Inc or MathTech.Inc. All other product names mentioned are trademarks of their producers. Photograph by Cirs Brown
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In a recent "Engineering & Distribution Survey’ conducted by Electronic Engineering Times, respondents
were asked to evaluate distributors with whom they have done business or were most familiar. The
table above reflects the percentage of respondents who rated these distributors as excellent (685 - -
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DIGI-KEY is a registered trademark of Digi-Key Corporation and is in no way
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Segmentation of Multifrequency Complex-
Amplitude SAR Data

Improved Bubble-Point Test

Using Distributed Targets To Determine
SAR Antenna Patterns

(continued on page 8)

Scientists at the Jet Propulsion Laboratory have devised a set of mathe-
matical models and algorithms to segment multifrequency complex-ampli-
tude synthetic-aperture-radar (SAR) images. Each type of terrain captured
in the image—such as forest, farmland, or water—is assigned a different
color. The above SAR image of sea-ice has been classified by ice type—
first-year ridges are colored red, deformed first-year ice is light blue, and
aged ice flows are yellow. See the tech brief on page 52.

Photo courtesy the Jet Propulsion Laboratory
NASA Tech Briefs, April 1994



To Backup 50 GB, Two Heads
Are Better Than One.

Single: Cascade:
Drives can

operate in-

dependently. the first tape is full.

Data automatically writes
to the second tape when

Mirroring:

to both tapes
simultaneously.

i e

S rita-Mirrored

Writes the same data

Striping;:

Writes data to two tapes at
once, in alternate blocks,
doubling capacity and speed.

T TR R,

Introducing the dual drive
CY-8505 with the Advanced SCSI
Processor.

Working independently, each
drive can store up to 25 GB, at
speeds of up to 90 MB per minute.
So it's perfect for unattended backup.

But performance really hits the
ceiling when the drives work together.

Four selectable recording modes,
plus offline copy and verify, give you
the flexibility to write 50 GB of data
any way you need to.

Consider it a data storage
management tool, a solution that will
solve the problems you encounter
every day. The need for higher
capacity and speed; the need to make
duplicate tapes for off-site storage
and data exchange; the need for real-
time status information—and the need
to save resources and boost produc-
tivity on every level.

Each tape drive offers the most
advanced in data recording technol-
ogy. Our hardware data compression

TRUE COMPATIBILITY WITH

Aliant Convergent DECUnibus ~ [BMS38  NeXT Pertec STC

AphaMicro  DataGeneral ~ GouldEncore  ICL Novell- PICK Stratus

Altos DEC SCSI HP Intergraph 0512 Plexus Sun

Apollo DEC BI-Bus [BMAS/400  Macintosh PSR Prime Texas

Arix DEC DSS! [BM Mainframe ~ McDonnell ~ Parallel Port  Pyramid Instruments

AT&T DEC HSC [BMRISC/ Douglas  PC 386/ix Sequent Unisys

Basic-4 DEC Q-Bus 6000 Matorola PCMS-DOS  Silicon Ultimate

Concurent ~ DECTUTA8!  IBMRT NCR PC Xenix/Unix  Graphics ~ Wang—and more
P ———

et e e s
Rock Landing Corporate Center ¢ 11846 Rock Landing ¢ Newport News, VA 23606 ¢ Fax: (804) 873-8836

option is the fastest available. And
it's switch-selectable, so you can read
and write uncompressed data for
compatibility with other sites. Add
accelerated file access to locate a single
file in an average of 85 seconds. And
we even offer a data encryption option
that lets you control access to
sensitive data.

All this, and the proven reliability
and price performance of 8mm
helical scan tape storage.

We back this turnkey solution
with a two year warranty that in-
cludes responsive service and
technical support from our in-house
engineering group.

If you need a data storage
solution that means business, call
today for more information at:

(804) 873-9000

CONTEMPORARY

For More Information Write In No. 578
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On the cover:

NASA'’s Invention of the Year is a regenerable biocide delivery unit
developed at Johnson Space Center for long-term space missions.
Pictured with Richard Sauer, Johnson deputy branch chief and co-
inventor with contractor personnel Gerald Colombo and Clifford
Jolly, the unit employs a regenerable iodinated resin bed that
greatly extends its life. Ideal for use in emergency situations and
remote locations, the invention holds promise for developing coun-
tries as an inexpensive and portable source of potable water. See
the story on page 14.
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Major Technology Breakthrough:

Fully-Automatic, 8-Node "Brick"
Solid FEA Mesh Generator — Hexagen™

e Fast

Easy-to-Use

e More accurately

models parts

Elements

accuracy

8-Node "Bricks"
are the Most Accurate

Puts the best shaped
elements on and near
the surface for greatest

A simple mouse click created this solid, 8-node
"brick” element model from a pre-defined

surface mesh (paving) using Algor’s proprietary
surface to volume method.

¢ Available for Linear

or Nonlinear Stress,
Heat Transfer and a Wide
Variety of Dynamic

With

(Vibration) Analyses

Algor is a world leader in engineer-
ing design and analysis software.
More than 10,000 engineers in 50
states and over 60 countries prefer
Algor's high-accuracy Finite Element
Analysis and modeling for when the
engineering has to be right.

Comprehensive
Analysis

Linear and nonlinear stress, vibra-
tion and natural frequency; steady-
state and transient and nonlinear
heat transfer; steady-state and tran-
sient fluid flow; composite eiements;
electrostatic; ASME piping analysis;
kinematics and rigid-body dynamics.

Accurate FEA and design modeling.

Powerful Modeling:

Full-featured engineering design;
surface and solid modeling; fully-
automatic 2-D, 3-D tetrahedral and
3-D 8-node, "brick" finite element
mesh generation; advanced visual-
ization; Unique EAGLE design opti-
mization control system for automat-
ed, parametric, FEA-based design
optimization.

Regardless of any CAD/CAM or
other CAE system you have in
place, Algor fits in and adds value
via a wide range of IGES and other
data transfer facilities.

For More Information Write In No. 564

* Design Modeling

Engineering Precision

‘ALGOR.

When the Engineering
Has to be Righttv

For DOS, UNIX and Windows NT

150 Beta Drive
Pittsburgh, PA 15238-2932 USA
Phone: (412) 967-2700
Fax: (412) 967-2781
California: (714) 564-2541
Europe (UK): +44 (784) 442 246
Tokyo: +81 03-3589-6148

Copyright © 1993 Algor, Inc. All rights reserved.
TM Trademark of Algor, Inc.
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VIDEOGRAPHIC

PRODUCTS
FOR

SIMULATION
& TRAINING

«C3|
«INTERACTIVE VIDEO DISC TRAINING

*SIMULATION *SURVEILLANCE

*ROBOTICS e*INDUSTRIAL CONTROL

Scan converters

Real-time video
& FLIR windowing
systems

High scan rate
video mixers

Multi-screen displays

Interlacers
& de-interlacers

Image fusion devices

RGB color field
sequential converters

Made in the USA

A5
4

SPECTRUM®

950 Marina Village Parkway ~ Alameda, CA 94501
Tel: (510) 814-7000  Fax: (510) 814-7026

For More Information Write In No. 401
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The Apple Report

If you use applications that
do floating-point mathe-
matical calculations, your
performance levels could
be up to ten times faster
than those of the same pro-
gram running on a 68040
machine—and several
times faster than the fastest
Pentium system—based
computers.

The PowerPC chip is the
first workstation-level
microprocessor ever intro-
duced in a mainstream
personal computer. In fact,
many workstation develop-
ers are now writing appli-
cations for Power
Macintosh computers.

A Power Macintosh offers
unprecedented compatibil-
ity between Macintosh,
MS-DOS and Windows
environments, thanks to
an emulation program
called SoftWindows, which
licenses actual Windows
code from Microsoft.

If you buy a 68040-based
Macintosh today, can you
upgrade it tomorrow? In a
word, yes. Just look for the
“Ready for PowerPC up-
grade” sticker on the box.

For more information about
Power Macintosh comput-
ers for technical users, give
us a call at 1-800-732-3131,
ext. 350. In Canada, call
1-800-665-2775, ext. 910.

On PowerPC

NUMBER 3 — POWER MACINTOSH FOR TECHNICAL USERS

Power Macintosh” computers are here. Apple’s new gener- :
ation of Macintosh® computers are powered by the PowerPC™
microprocessor, a chip developed jointly by
Apple, IBM and Motorola.

With these Macintosh computers, you

can expect to see speed and functionality
B increase dramatically, while prices remain
the same— or even drop. And if you'e an engj- :
neer, architect or other power user working with large, complex

files, you can also expect to see significant
increases in productivity.

For the first time, 2 personal computer
can offer you the kind of power that was pre-
viously available only in high-performance,
high-cost workstations.

More compatible personal computers.

Of course, a Power Macintosh is still a
Mac; so it's compatible with your present
Macintosh computers, peripherals, software
and files. You can also run most current DOS
and Windows programs, thanks to a program
called SoftWindows, which licenses Windows
code from Microsoft”

The real benefit of Power Macintosh
computers, however, will be seen with new
applications optimized to take advantage of
the chip’ advanced capabilities.

Developers move to Power Macintosh.

Applications optimized for the new
Power Macintosh computers, often called
native applications, will offer two to four times
the performance—and in the case of some
programs that perform floating-point mathe-
matical calculations, ten times the perfor-
mance— of programs available for the fastest
Macintosh computers today.

Right now, the world’s leading developers
are updating their most popular programs to take
full advantage of Power Macintosh computers

(see box). In fact, Apple has been working closely with more
than 200 major third-party developers since 1992 to create new
versions of their applications. And hundreds of additional

i developers have begun the move to PowerPC.

What about software?

A Power Macintosh will run virtually
all of your existing Macintosh system—
based programs. The real benefit of
a Macintosh with PowerPC technology,
however, will be with applications
optimized to lake advantage of the
new chip’s advanced capabilities.
Here are some of the native appli-
cations that are available now or will
be out in the next few months.

Abacus Knowledge
StatView Revolution
e Working Model
Alias
Skelch! MacroMedia
S350 MacroModel
Ashlar
Vellum Microsoft
auto-dessys Excel
Jorm+Z Microsoft
Electric Image Word
Electricimage National
Animation Syslem Instruments
GraphiSoft LabView & HiQ
ArchiCAD _7](,9-,,[{ ar
Graphsoft nfini-D
MiniCad Shrala
Gryphon StudioPro
Morph VDI
Imagine That! Presenter
Extend Professional
Insignia Solutions Virtus
SoftWindows WalkThrough
ITEDO Wolfram Research
IsoDraw Mathematica

h SoftWindows bune
pwoer Ma

a trademark of Apy
b of Microsoft Corporation.

i and ready lo run. If you choose a m

Get more done, faster.

There are immediate benefits to running native applica-
: tions on a Power Macintosh computer: You spend less time
 waiting for the computer to complete complex tasks. So you can

do more work in less time.

This is especially significant for appli-
cations that require a lot of processing
power— CAD programs and programs that
perform floating-point mathematical calcu-
lations, for instance — as well as for larger or
more complex files.

Developers will also be exploring new
features in areas such as intelligent help, 3-D
design, video and animation, speech recog-
nition and text-to-speech conversion. These
are functions that simply wouldn't be practical
without the superior processing capabilities of
the PowerPC chips RISC-based architecture
and innovative Macintosh technology.

Why RISC?

The new generation of Macintosh com-
puters are the first personal computers with
RISC (Reduced Instruction Set Computing)
chips. RISC chips are smaller and more effi-
cient than comparably powered CISC (Com-
plex Instruction Set Computing) chips, so
they cost less to produce.

Which means not only will Power
Macintosh computers offer you substantial
performance increases, they will do so far
more affordably than a CISC-based system

can. In other words, they’ll provide you with un-
precedented power.

‘ ] [
The power to 1
be your best: p e '@

ows, you can purchase the pre
be PowerPC logo are trader
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* Low power consumption

* DOS and Windows driver software

¢ LabVIEW and LabWindows
compatible

Call for

FREE catalog
(800) 433-3488
(U.S. and Canada)

NATIONAL
INSTRUMENTS

The Software is the Instrument*

6504 Bridge Point Parkway
Austin, TX 78730-5039
Tel: (512) 794-0100

Fax: (512) 794-8411

Branch Offices

Australia 03 879 9422 « Austria 0662 435986
Belgium 02 757 00 20 « Canada 519 622 9310
Denmark 45 76 26 00 » France 1 48 65 33 70
Finland 90 527 232 » Germany 089 714 50 93
Italy 02 48301892 » Japan 03 3788 1921
Netherlands 03480 33466 « Norway 32 848400
Spain 91 640 0085 » Sweden 08 730 49 70
Switzerland 056 27 00 20 « UK. 0635 523545

© Copyright 1994 National Instruments Corporation. Al rights reserved. Product
and company names listed are trademarks or trade names of their respective companies,

For More Information Write In No. 402

et b B

NASA has a portfolio of 3000 patents and
pending applications available now for li-
cense by businesses and individuals, in-
cluding these recently patented inventions:

Neural Network for Processing Both
Spatial and Temporal Data With
Time-Based Back Propagation
(US Patent No. 5,253,329)
Inventors: James Villarreal and Robert
Shelton, Johnson Space Center
A novel technique adds the dimension of
time to the back-propagation neural network
algorithm, hitherto applied successfully to
model spatial information. The synaptic
weights between two processing elements
are replaced with an adaptable-adjustable
digital filter. Instead of a single synaptic
weight (representing spatial association in
the standard back-propagation network), the
invention uses a plurality of weights repre-
senting both spatial and temporal data.
For More Information Write In No. 700

Method of Forming Silicon Structures With
Selectable Optical Characteristics
(US Patent No. 5,273,617)
Inventors:Robert W. Fathauer and Leo
Schowalter, Jet Propulsion
Laboratory
JPL researchers have developed a silicon-
based technique to make optical compo-
nents with selected linearand nonlinear char-
acteristics. Molecular beam epitaxy is used
to control silicide particle shape and orienta-
tion, which allows tailoring of particle matri-
ces to interact better with specific light wave-
lengths. Devices that could employ wave-
length-specific optical layers include optical
computing elements, holographic devices,
optical correlators and phase conjugators,
and bistable memory devices.
For More Information Write In No. 701

Composite Flexible Blanket Insulation
(US Patent No. 5,277,959)
Inventors: Demetrius Kourtides and David
Lowe, Ames Research Center
An improved blanket insulation protects
against environments containing conduc-
tive, convective, and radiative heating com-
ponents. The insulation comprises a honey-
comb-patterned polyamide radiation shield
or spacer, a single-sided aluminized foil ra-
diation shield, and a new interlocked silicon
carbide fabric top and bottom. It is well-
suited for use in spacecraft, furnace cur-
tains, fire tools and equipment, and wher-
ever temperature capability, insulation effi-
ciency, and light weight are important.
For More Information Write In No. 702

Magnetic Power Piston Fluid Compressor

(US Patent No. 5,275,537)

Inventor: Max G. Gasser, Goddard Space
Flight Center

Reciprocating, rotary, jet, centrifugal, or axial-

flow compressors share one drawback: they

contain moving parts such as pistons, valves,

or rotating vanes. Mr. Gasser’s compressor
has no moving parts in the conventional
sense. Within its housing are one or more
compression stages to increase fluid pres-
sure, each containing magnetic powder sup-
ported by a screen that allows passage of
the fluid and a coil for selectively activating a
magnetic field across the powder. When the
field is not present, the powder particles are
separated and allow the fluid to flow; when
the field is present, the particles pack to-
gether, causing the powder to expand, pre-
vent flow, and compress the fluid.

For More Information Write In No. 704

Non-Volatile, Solid-State Bistable

Electrical Switch

(US Patent No. 5,278,636)

Inventor: Roger M. Williams, Jet
Propulsion Laboratory

Mr. Williams has devised a two-terminal

solid-state memory switch that may be writ-

ten on, read, and erased by applying volt-

ages of varying magnitudes and opposite

polarities. The switch’s novel structure em-

ploys a thermal phase transition to control

ion conduction to or from an electrically

intercalatable material. The switch can be

applied to both ordinary computers and

neural network computers with characteris-

tics similar to existing RAMs.

For More Information Write In No. 703

Automatic Locking Orthotic Knee Device
(US Patent No. 5,267,950)
Inventor: Bruce C. Weddendorf, Marshall
Space Flight Center
Conventional automatically-locking strap-on
orthotic devices worn by persons recuperat-
ing from knee surgery or injuries have two
drawbacks: locking can occur only when
the knee is fully extended, and disengaging
or unlocking the joint is manual. Mr.
Weddendorf's device incorporates a tang in
clevis joint that automatically locks when
weight is applied to it, even when the knee is
slightly bent, allowing the joint to rotate freely
when unloaded and permitting more free-
dom of movement to the user. Removing the
load automatically unlocks the joint.
For More Information Write In No. 705

Method for Anisotropic Etching in the
Manufacture of Semiconductor Devices
(US Patent No. 5,271,800)
Inventors: Steven L. Koontz and Jon B.
Cross, Johnson Space Center
The primary cause of damage to the under-
lying substrate in semiconductor fabrication
with atomic oxygen (AO) plasmas is the
incidence of energetic particles such as ions
and UV photons from the plasma to the
substrate surface. A new method uses a
hyperthermal AO beam to obtain highly aniso-
tropic etching with sharp boundaries be-
tween etched and mask-protected areas,
particularly in photoresist stripping and mul-
tilayer lithography applications.
For More Information Write In No. 706
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Loral Makes a Replacement for the Versatec V80™
That Uses No Liquid Chemicals.

NEW FROM LORAL

The Loral 9080 is a plug-compatible, exact replacement for the Versatec V80. It
gives you everything you want and need in a high speed printer/plotter. With the
9080, you get clean, crisp copies every time using an environmentally-friendly dry
process. No chemical inks or toners.

EASY TO INSTALL AND USE

Installation couldn’t be easier. Simply unplug the V80 and plug in the 9080. The 9080
is designed to work with all existing Versatec V80 software and hardware interfaces.

Powered by the Astro-Med Print Engine, the 9080 prints high-resolution documents at
200 dpi on fanfold or roll paper. Print Speed is 15 pages per minute. Plot speed is one
inch per second. Price is under $12,000.

To order the Model 9080, call (813) 378-6984. For more information write: Loral Data
Systems, P.O. Box 3041 M/S41, Sarasota, FL 34230 or call our hotline (813) 377-5590.

LORAL

Data Systems

Versatec and V80 are trademarks of Versatec, Inc.
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NASA INVENTION

The iodinated resin bed in this portable water treatment device can

be regenerated more than a hundred times. Insets: Gerald Colombo
(top) and Clifford Jolly (bottom), co-inventors with Richard Sauer
(see cover) of the regenerable biocide delivery unit.

he need for safe, potable water
extends from the remotest village
to the deepest submarine and
even out into space—to every
place a human may live, work, or
venture. Securing microbe-free water is
now easier and cheaper thanks to a
water treatment device originally devel-
oped for long-term space missions.
Winner of both the NASA Govern-
ment Invention of the Year and the
NASA Commercial Invention of the Year
awards, the regenerable biocide deliv-
ery unit developed jointly by Richard
Sauer of Johnson Space Center, Gerald
Colombo of Umpqua Research Com-
pany, and Clifford Jolly of Environmental
& Life Support Technology is an exten-
sion of technology developed by
Umpqua for the space shuttle program
in the late 1970s and currently used on
the shuttle to purify drinking water.
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In this system, water is passed
through an anion exchange bed that has
been treated with iodine—long recog-
nized as an efficient disinfectant of
water. While effective, the method
requires periodic replacement of the
resin bed once it is depleted of iodine.

The new unit improves on prior meth-
ods by regenerating the resin bed in situ
using small amounts of elemental iodine,
and thereby significantly extending its
life. The water is disinfected by passing
it through an iodinated resin bed, from
which it absorbs a minute amount of
elemental iodine. Water is periodically
diverted to flow past through a bed of
iodine crystals to produce a concentrat-
ed iodine solution that is used to
recharge the resin bed with bound
iodine. Recharging is activated by a
timer or as the resin bed is depleted,
monitoring of which can be accom-

Inventors:
Richard L. Sauer,
Gerald V. Colombo,
and Clifford D. Jolly
Johnson Space Center

THE YEAR

THE REGENERABLE
BI0OCIDE
DELIVERY
UniT

plished using a UV spectrophotometer.

“It's particularly useful out in the field
where you can’t have somebody there
to monitor microbial control technology
and you need something simple and
rugged enough for a variety of envi-
ronments,” said co-inventor Clifford
Jolly, who directed the fundamental
development of the regenerable resins
at Umpqua.

Using a regenerable iodine resin bed
also eliminates the need for electricity
and the dangers associated with using
chlorine for water treatment, including
overtreatment of the water supply and
storage and use of hazardous chlorine
gas. The new unit's extended shelf life
makes it the ideal emergency back-up
system, ready for use during power
shortages, droughts, floods, and other
natural disasters that can result in a con-
taminated water supply.
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Vector Environmental

Technologies has in-
corporated the regen-
erable resin beds into
water purification units
for use in developing
countries.

Operations and Re-
search Branch.
Umpqua has obtain-
ed an exclusive license
to commercialize the
patented technology.
“I expect this is going
to be the best way
to get clean water
to developing coun-
tries in a hurry,” said
Umpqua engineer
Gerald Colombo.
Vector Environmen-
tal Technologies Inc.,
Umpqua'’s first sub-

“Tests have shown that you can
regenerate a single resin a hundred or
more times,” said Richard Sauer, deputy
branch chief of Johnson’s Biomedical

licensee has devel-

oped water purification units from 2 to

15 gallons-per-minute for community
applications.

“Our first major project is with Viet-

nam,” said chief financial officer Douglas
Washburn. “We've signed an agreement
to provide water purification equipment
to support 50-70 million people—an
estimated 20,000 units to be rolled out
over the next three to five years.” The
company also is negotiating with Ghana,
Indonesia, Uganda, Bangladesh, several
southern African nations, the Philippines,
and China. Bangladesh is experiencing
a severe cholera outbreak that the sys-
tem could help to alleviate.

“The ability to regenerate the resin
bed enables us to reduce the cost to
make it practical for developing coun-
tries,” Washburn said. “Over time, the
system can produce water at around
one cent per gallon compared to 40 to
50 cents a liter for bottled water.”

This is the first year NASA has given
a separate award for an invention dem-
onstrating commercial potential. The
new award is intended to complement
the existing government invention award
and the winner will serve as NASA's
nominee for the Intellectual Property
Owners' Inventor of the Year Award.

1994 AWARD FINALISTS

Macromolecular Crystal
Growing System

Robert S. Snyder, Blair J. Herren,
Daniel C. Carter, Vaughn H. Yost,
Charles E. Bugg, Lawrence J. Delucas,
and Fred L. Suddath (dec.)

Marshall Space Flight Center

Recent advances in protein crystal-
lography have significantly reduced the
time and labor required to determine the
three-dimensional structure of macro-
molecules once good crystals are ob-
tained. Unfortunately, proteins and other
biological macromolecules are notori-
ously difficult to crystallize.

The microgravity of space, however,
has proven fertile “ground” for growing
crystals that are both larger and more
uniform than those produced on Earth.
Away from the planet’s gravitational
field, there is no density-driven convec-
tive flow or sedimentation during crystal
growth. The result: better crystals that
yield higher resolution x-ray diffraction
data for improved structural analysis.

“Not only do many crystals grow sig-
nificantly better in microgravity but, in
some cases, we've seen different struc-
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tures than ever seen on
the ground,” said Mar-
shall engineer Vaughn
Yost, co-inventor of a
crystal-growing system
developed by scientists
from Marshall, the Uni-
versity of Alabama at
Birmingham, and Geor-
gia Tech that has en-
abled hundreds of crys-
tal growth experiments
on space shuttle flights
in the last five years.

The apparatus em-
ploys a vapor diffusion
technique, growing crystals in droplets
that are extruded from syringes and
combined with precipitating agent solu-
tions within tiny sealed chambers. Three
trays of 20 chambers are contained in a
refrigeration incubator module that regu-
lates the temperature. A cranking tool
manipulates all of the syringes and
chamber plugs in a tray simultaneously
to control initiation and termination of
crystal growth.

The present system evolved from a
handheld protein crystal growth device
developed in 1984 that required the
astronaut to work each syringe individu-

An automated system grows protein crystals in space for
structural analysis.

ally. According to Robert Snyder, mis-
sion scientist for the International Micro-
gravity Laboratory, automating the de-
vice reduced the time required of the
astronauts by 95%.

Learning the structure of a protein
can provide keys to its biological func-
tion and may lead to methods of altering
or controlling its function to create new
or better drugs. Several pharmaceutical
makers, including the Upjohn Company,
have performed crystal growth experi-
ments in the apparatus, which is sched-
uled to fly on five future shuttle missions.
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Conically-Scanned
Holographic Lidar

Telescope

Geary Schwemmer
Goddard Space Flight Center

Proposed spaceborne lidars employ-
ing conventional telescope technology in
a conical scan pattern would be heavy
and costly because their design requires
scanning the entire assembly of mirrors,
baffles, and detector package, or rotat-
ing a separate scanning mirror larger
than the primary collection optic. By
placing a holographic optical element
(HOE) at the heart of the scanning
assembly, Schwemmer’s invention
greatly reduces the rotating mass, an
obvious advantage in satellite and air-

A holographic optical element replaces
the primary mirror in a telescope to great-
ly reduce its weight for spaceborne lidar
applications.

borne applications. Another advantage
is that the only moving parts in the
scheme are the HOE and its motor.

An HOE acts like a lens or curved
mirror, diffracting light via a surface relief
pattern or a series of refractive index
modulations to form images. The HOE is
spectrally dispersive, so that in a lidar
system it can be wavelength-selective,
eliminating or reducing the requirement
for a narrow-pass filter.

In the holographic lidar telescope, a
flat HOE, rotating like a compact disk on
a turntable, replaces the primary mirror
in a conventional telescope. It is placed
at the center of a series of conical baf-
fles, where its field of view is at a fixed
angle with its optical axis. This axis is its
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rotational axis as well, so that it not only
directs the desired laser wavelengths
outward from its center but also focuses
them as they are reflected by the atmos-
pheric phenomenon of interest. Because
the HOE focuses the returning signals
onto the fixed rotational axis, the detec-
tor and its optics can remain stationary.
Since demonstration of the first pro-
totype last year at Goddard's Photonics
Commercialization Workshop, Schwem-
mer has been managing a research pro-
ject to extend the instrument to other
wavelengths and to multiplex the wave-
lengths for use in a multi-wavelength sys-
tem. The Houston Advanced Research
Center has built a second model for use
in a commercial lidar topographic mapper.
“The telescope could be used in sys-
tems to measure wind, water vapor,
clouds, temperature, pressure, ozone—
all the things we measure with lasers
now,” said Schwemmer, who is prepar-
ing now to use it for ground-based at-
mospheric aerosol measurements.

Method of Fabricating

a Rocket Engine Com-
bustion Chamber

Richard R. Holmes, Timothy N. McKechnie,
Christopher A. Power, Ronald L. Daniel, Jr.,
and Robert M. Saxelby

Marshall Space Flight Center

A new technique that dramatically
reduces the labor, cost, and risks asso-
ciated with the fabrication of the space
shuttle combustion chambers may help
pave the way for future generations of
high-performance aircraft engines. The
technique employs the
latest advances in vac-
uum plasma spray and
casting technologies to
address several prob-
lems with the conven-
tional method.

Currently, the com-
bustion chambers are
made by casting a liner
and then forging it into
the desired hourglass
shape. Cooling channels
are cut into the outer sur-
face of the liner and
filled with wax. Next, a
thin layer of copper and
then a thicker layer of
nickel are electrode-
posited over the liner's
surface. Finally, the wax
is removed, an alloy sup-

port jacket is fitted around the liner, and
the entire assembly is welded together.

The procedure is fraught with difficul-
ty: electrodeposition of copper and nick-
el is extremely time-consuming, copper
tends to debond, extensive welding is re-
quired, and, most importantly, the welds
on the backside cannot be inspected.
These blind welds are classified as
Criticality 1 welds because the failure of
one could result in a catastrophic failure
of the shuttle during liftoff.

The new procedure starts not with a
spun cast liner but with a one-piece
structural JBK-75 jacket casting. This
casting already has the necessary mani-
folds and attachment ears built into it,
eliminating many welds from the start. A
structural alloy liner is applied to the
inside of the casting using a vacuum
plasma spray technique; a powder of
the copper alloy NARIloy-Z is injected
into a plasma stream, where it is heated
to a semimolten state and accelerated
toward the casting’s inside to bond with
the inner wall. After a layer of alloy is
formed, slots for cooling fluid are cut
into the layer and filled temporarily with a
mild stainless steel. Then another layer
of particles is deposited and, finally, the
temporary filler is removed.

Compared with the conventional
method of manufacturing combustion
chambers, the process saves 15,000
man-hours and reduces manufacturing
time from three years to six months.
This results in a costs savings of $3 mil-
lion per chamber, of which each space
shuttle has three.

Marshall’s vacuum plasma spray
facility already is equipped to spray
space shuttle-sized combustion cham-
bers. “We expect it to be used in any
advanced engines built to replace the

Vacuum plasma spray technology cuts the cost of manufac-
turing rockets engine combustion chambers by $3 million.
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Now meet
the rest of
the Jandel
family;

Jandel Scientific offers a full line of
software tools to enhance and
improve the quality of your
research. As with SigmaPlot, Jandel
Scientific stands behind all of its
products with one of the strongest
technical support teams in the
industry, extensive documentation,
and a 90 day money-back
guarantee. Call us today for a FREE
brochure on any of our products.
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800-874-1888

(toll-free in the U.S.)
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You know
SigmalPlot...

Scientific Graphing Software

NOW ON
WINDOWS

Jandel SigmaPlot is available for Windows! For the first time, get
SigmaPlot power with Windows ease of use. With extensive scien-
tific features, advanced data analysis and extraordinary control,
SigmaPlot creates outstanding publication quality graphs for reports,
poster sessions, and presentations. SigmaPlot, the product scientists
use more than any other to prepare their graphs for publication. Join
the 45,000 scientists who are already using SigmaPlot to help pub-
lish papers in hundreds of technical journals. ~ DOS, Windows, Mac
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NOW ON

SigmaStat-

Statistical Software

WINDOWS

You don't have to be a statistician to use Jandel SigmaStat.
SigmaStat helps select procedures, check assumptions and
even handles missing data. Procedures include t-tests,
ANOVA, rates and proportions, nonparametric methods,
regression and more. DOS, Windows
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TableCurve-

Automated Curve Fitting Software

Jandel TableCurve fits and ranks thousands of equations
to your data in a single rapid step. Use TableCurve 2D to
fit and graph X-Y data and NEW TableCurve 3D (pictured
here) for automatic surface fitting of X-Y-Z data sets.
DOS, Windows
For More Information Write In No. 614

PeakFit-

Chromatography/Spectroscopy Analysis Software

Using sophisticated non-linear curve fitting
techniques, Jandel PeakFit accurately separates,
quantifies and analyzes peaks in unresolved peak
data. Analysis includes peak information, parame-
ter values, fit statistics and more. DOS
For More Information Write In No. 615

SigmaScan/Image-

Measurement Software

Measure scanned or saved images displayed on your PC

monitor. Measure length, slope, area, perimeter, intensity,

and much more. Simply click endpoints or trace objects

with your mouse and your data appears in the built-in

SigmaPlot/Windows compatible worksheet.* Windows
For More Information Write In No. 616

Mocha~

Image Analysis Software

Jandel Mocha brings automated image analysis
capabilities to your PC. A highly integrated solu-
tion, Mocha offers powerful image processing and
measurement, a scientific data worksheet, trans-
form language, plotting, and image annotation tools
in one easy-to-use Windows package. Windows
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existing fleet,” said Richard Holmes, a
materials engineer in the Space Systems
Chief Engineers Office. “Variations even-
tually will be used for lightweight engines
for jet aircraft.”

Driven Shielding
Capacitive Proximity
Sensor

John M. Vranish and Robert L. McConnell
Goddard Space Flight Center

Robotic manufacturing and security
applications on Earth can get a boost in
precision and sensitivity from the “Ca-
paciflector,” a capacitive proximity sen-
sor originally developed to prevent
space robots from colliding with humans
and spaceborne structures. Simple, ver-
satile, and inexpensive to manufacture,
the sensor offers unmatched accuracy
and the ability to detect objects more
than 12 inches away.

The invention is a robotic arm prox-
imity sensing skin made of a capacitive
sensing element and backed by a reflec-
tor driven at the same voltage as, and in
phase with, the sensing element. Its
exceptional range and sensitivity stem
from an ability to reflect electric field
lines of the sensor capacitor away from
the grounded robot arm toward an
oncoming object. “We can pack several
sensors in immediate proximity to each
other without crosstalk, which takes
them to new dimensions in capabilities,”
said co-inventor and Goddard electron-
ics engineer John Vranish.

In addition to the devices’ utility for
collision avoidance, circuitry modifica-
tions now allow them to be used for pre-
cision assembly. Sensors have been
embedded in robot grippers and power
tools as well as screw tips that can be

A variety of space instruments, such as
this spaceborne materials processing sys-
tem, employ an innovative capacitive
proximity sensor for collision avoidance
and high-precision assembly.
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driven into holes at clearances of three
thousandths of an inch without contact.
Such an ultra-soft touch is immensely
valuable in space assembly, where the
slightest contact by the robot may send
an object careening away.

By virtue of this new precision, John-
son Space Center engineers have be-
gun building Capaciflectors for future use
in space station assembly and mainte-
nance. The sensors also have been
installed in Goddard’s Robot-Operated
Materials Processing System (ROMPS)
robot, designed to anneal materials in
space. ROMPS is scheduled for launch
later this year.

Computer Application Systems, Sig-
nal Mountain, TN, markets the units for
several commercial uses, including auto-
motive safety, heavy machinery safety
and closed-loop control, and robotic ob-
stacle detection.

Vranish envisions a wide range of
other spinoffs for the Capaciflector, such
as automated maintenance and welding,
mechatronic control of magnetically-
powered devices, and semiconductor
inspection. They could be attached to
paintings in art galleries to detect tam-
pering or theft; incorporated into safes
and cash boxes or doors and windows
of private homes for burglary prevention;
embedded into machinery to issue
warnings or shut down if people get
dangerously close; or used to open and
close elevator doors.

Method and Apparatus
for Characterizing
Reflected Ultrasonie
Pulses

William T. Yost and John H. Cantrell, Jr.

Langley Research Center

Physicians now have a noninvasive
means to accurately diagnose the more
than two million burns suffered by Ameri-
cans each year. Created at Langley Re-
search Center, the burn analyzer em-
ploys ultrasonic technology originally de-
veloped to detect microscopic flaws in
aerospace materials. The unit also has
potential for use in skin pathology, locat-
ing precancerous and cancerous
lesions, and diagnosing breast cancer.

The technology got its start in 1982
when William Yost and John Cantrell,
senior research physicists at Langley,
performed ultrasound testing on skin
collagen. The denaturization of collagen
caused by burns—whether from flames,
scalding, or chemicals—alters the tis-

sue’s acoustical properties. As a resuit,
the boundary between necrotic and viable
tissue can be detected by ultrasonic pulse
reflection. This interface has been proven
to correspond to actual burn depth.
Serious burn wounds result in over
10,000 deaths each year in the US
alone. Determining the depth of the burn
is vital to prescribing treatment. Second-
degree burns will generally heal on their
own, while third-degree burns must be
excised and replaced with skin grafts.
Until now, physicians have relied on
subjective visual inspection to assess

Co-inventors William Yost and John
Cantrell, with Evelyna Cantwell, president
of Supra Medical Corp., and the compa-
ny’s burn analyzer.

burn depth. However, inaccurate diag-
nosis of a burn’s degree can result in
bacterial infection, the primary cause of
burn victim deaths.

The technology has been licensed
exclusively to Supra Medical Corp.,
Chadds Ford, PA, which has developed
a commercial version of the burn analyz-
er called the Supra Scanner®. It mea-
sures skin thickness to a depth of 37
mm with an average resolution of 65
microns, yielding a two-dimensional
view of epidermis, dermis, and subcuta-
neous tissue through enlarged ultra-
sound scans on a color monitor.

The Supra Scanner was placed in sev-
eral clinical and research settings in 1993.
Supra Medical has created a portable unit
of the scanner and currently is adapting
the ultrasound technology to a scanner
for early detection of breast cancer. 0

For more information about the technology
described above, contact the technology
transfer officer at the NASA Field Center
that sponsored the research (see page 22).
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Metal-lon Additives Reduce
Thermal Expansion

of Polyimides

Incorporation of metal ions into poly-
imides has reduced the coefficients of
thermal expansion of the polyimides. Re-

i y

ductions range from 11 to over 100 per-
cent. Such polyimides may prove useful
as fim and coating materials for both in-
dustrial and aerospace applications in
which dimensional stability, mechanical
strength, and thermal stability are required.
(See page 57.)

Major Upgrade on UNIX

The new help systems, display
features and math enhancements
pioneered in PC Macsyma are now
available in Macsyma on UNIX
workstations.

Engineers and scientists who use
Macsyma consistently describe it as
the most powerful and reliable soft-
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Macsyma Inc.
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Macsyma® is a registered trademark of Macsyma Inc. UNIX® is a registered trademark of AT&T Bell Laboratories.

tel: 617-646-4550

fax: 617-646-3161

ware for symbolic, numeric and
graphical mathematics. Reviewers
agree that Macsyma'’s on-line help
system is the best in the field.

IEEE Spectrum calls Macsyma "a
national treasure" and says: "Users
with heavy mathematics needs
should insist on Macsyma."
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New Product Ideas are just appropriate section in this at the end of the full-length article
a few of the many innovations  issue. If you are interested in  or by writing the Technology
described in this issue of developing a product from Utilization Office of the sponsoring
NASA Tech Briefs and having  these or other NASA innova-  NASA center (see page 22).
promising commercial applica- tions, you can receive further NASA's patent-licensing program
tions. Each is discussed further technical information by to encourage commercial develop-
on the referenced page in the requesting the TSP referenced ment is described on page 22.

Synthesis of Benzoxazole

Monomers and Polymers
Di(hydroxyphenyl) benzoxazole mono-
mers have been synthesized by the con-
densation reaction of phenyl-4- hydroxyben-
zoate with aromatic bis(o-aminophenal)s.
The new poly benzoxazoles may prove
useful as adhesives, coatings, films, mem-
branes, molding compounds, and com-
posite matrices.
(See page 56.)

Low-Dielectric-Constant
Polyimide/Glass

Composites

Composites with relatively low dielec-
tric constants have been obtained by re-
ducing the interaction between linear pol-
yimide chains and by the incorporation
of fluorine into the polymer backbones.
Further reductions in dielectric constants
were obtained by physically incorporat-
ing selected diamic acid additives into pol-
yimides. Such composites have strong
potential for use in the microelectronics
industry for the fabrication of printed cir-
cuit boards and in the fabrication of com-
ponents for aircraft.
(See page 24.)

Windowless Airplane
With a View

A proposed windowless passenger air-
plane would give passengers views of the
outside world but would be stronger,
weigh less, and cost less than the conven-
tional airplane. The ordinary see-through
windows would be replaced by flat-panel
color television screens connected to out-
ward-looking video cameras in the fuselage.
(See page 48.)

Electronic, Hand-Held
Wireless Text-and-

Graphics Viewer

A proposed electronic, hand-held, wire-
less viewer would present written material
to the reader in a way that closely resem-
bles that of paper reading material. Be-
cause of its hand-held and wireless fea-
tures, the viewer could be used in positions
and areas where books and magazines
are normally used, thus contributing to the
general acceptance of this device by the
public at large.
(See page 50.)
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How You Can Access Technology Transfer Services At NASA Field Centers:
Technology Utilization Officers & Patent Counsels—Each NASA Field Center has a Technology Utilization
Officer (TUO) and a Patent Counsel to facilitate technology transfer between NASA and the private sector.

you need further information about new technologies presented in NASA Tech Briefs, request the Technical Support Package (TSP). If a TSP is not
available, you can contact the Technology Utilization Officer at the NASA Field Center that sponsored the research. He can arrange for assistance in
applying the technology by putting you in touch with the people who developed it. If you want information about the patent status of a technology or are
interested in licensing a NASA invention, contact the Patent Counsel at the NASA Field Center that sponsored the research. Refer to the NASA reference

number at the end of the Tech Brief.

Ames Research Ctr. John C. Stennis Langley Research Ctr. Jet Propulsion Lab. George C. Marshall Houston, TX 77058
Technology Utilization Space Center Technology Utilization NASA Resident Office Space Flight Center (713) 483-3809

Officer: Geoffrey S. Lee Acting Technology Officer: Joseph J. Technology Utilization Technology Utilization Patent Counsel:

Mail Code 223-3 Utilization Officer: Mathis, Jr. Officer: Arif Husain Officer: Ismail Akbay Edward K. Fein

Moffett Field, CA 94035 Richard A. Galle Head, TU & AO Office Mail Stop 180-801D Code PR-61 Mail Code AL3

(415) 604-4044 Code HA-30 Mail Stop 200 4800 Oak Grove Drive Marshall Space Flight Houston, TX 77058
Patent Counsel: Stennis Space Center, Hampton, VA 23681-0001 Pasadena, CA 91109 Center, (713) 483-4871

Darrell G. Brekke MS 39529 (804) 864-2484 (818) 354-4862 AL 35812 NASA

Mail Code 200-11 (601) 688-1929 Patent Counsel: Patent Counsel: (205) 544-2223 e ml““""":"""
Moffett Field, CA 94035 Dr. George F. Helfrich Thomas H. Jones (800) 437-5186 chnology Utilization
(415) 604-5104 John ‘c'::";“' Mail Stop 143 Mail Code 180-801G Patent Counsel: ggf:'ébe""a’d A. Autt
Lewis Research Technology Utiization S B i S R e e Washington, DC 20546
Clntar OUut: A, (818) 354-5179 Marshall Space Flight (202) S O7e)
Technology Utilization Aliberti Goddard Space Flight Center Associate General
Officer: Anthony F. Mail Stop DE-TDO Center Technology Utilization AL 358'12 Counsel for Intellectual
Ratajczak Kennedy Space Technology Utilization Magr. for JPL: (205) 544-0021 Property: Jack Mannix
Mail Stop 7-3 Center, FL 32899 Officer: Dr. George Alcorn - Wayne Schober Code GP

21000 Brookpark Road (407) 867-3017 Mail Code 702 Mail Stop 122-116 Lyndon B. Johnson Washington, DC 20546
Cleveland, OH 44135 Patent Counsel: Greenbelt, MD 20771 4800 Oak Grove Drive Space Center (202) 358-2424

(216) 433-5568 Bill Sheehan (301) 286-5810 Pasadena, CA 91109 Technology Utilization

Patent Counsel: Mail Code DE-TDO Patent Counsel: (818) 354-2240 Officer: Richard B.

Gene E. Shook Kennedy Space R. Dennis Marchant Technical Ramsell

Mail Code LE-LAW Center, FL 32899 Mail Code 204 Infom:aﬁonll e Mail Code IC-4

21000 Brookpark Road (407) 867-2544 Greenbelt, MD 20771 1-(800) 832_4"275 X Building 4 South

Cleveland, OH 44135 (301) 286-7351

(216) 433-5753

How You Can Utilize NASA’s Regional Technology Transfer Centers (RTTCs)—A nationwide
network offering a broad range of technology transfer and commercialization services.

ou can contact NASA’s network of RTTCs for assistance in solving a specific technical problem or locating technology or markets that match your

interests. The RTTCs are experienced in working with industry to define technology needs and acquire and commercialize applicable technology.
User fees are charged for most services. For more information, call 1-800-472-6785 and you will be connected to the RTTC in your geographical region
(or you may call or write directly to the RTTC in your region).

REGIONAL TECHNOLOGY TRANSFER TRANSFER CENTERS (RTTCs)
RTTC Directors

NORTHEAST SOUTHEAST MID-CONTINENT FAR-WEST
Dr. William Gasko Mr. J. Ronald Thornton Mr. Gary Sera Mr. Robert Stark
Center tor Technology Southern Technology Application Texas Engineering Extension Service Technology Transfer Center
Commercialization Center Texas A&M University System University of Southern California

Massachusetts Technology Park University of Florida 301 Tarrow Street 3716 South Hope Street,
100 North Drive College of Eng. College Station, Texas 77843-8000 Suite 200
Westborough, MA 01581 Box 24 409-845-8762 Los Angeles, CA 90007-4344
(508) 870-0042 One Progress Boulevard (213) 743-6132

Alachua, FL 32615 MID-WEST (800) 642-2872 (CA only)
MID-ATLANTIC (904) 462-3913 Dr. Joseph W. Ray (800) 872-7477 (toll-free US)
Ms. Lani S. Hummel (800) 225-0308 (outside FL) Great Lakes Industrial Technology Center
University of Pittsburgh 25000 Great Northern Corporate Center
823 William Pitt Union Suite 260
Pittsburgh, PA 15260 Cleveland, OH 44070-5310
(412) 648-7000 (216) 734-0094

(800) 257-2725 (toll-free US)

If you are interested in information, applications, research, training, and services relating to satellite and aerial data for Earth resources, contact NASA's
transfer point for earth observing technology: Earth Data Analysis Center, University of New Mexico, 2500 Yale Blvd. S.E., Suite 100, Albuquerque,
NM 87131-6031; Dr. Stan Morain, Director (505) 277-3622.

If you represent a public sector organization with a particular need, you can contact NASA's Application Team for technology matching and problem solv-
ing assistance. Staffed by professional engineers from a variety of disciplines, the Application Team works with public sector organizations to identify and
solve critical problems with existing NASA technology. Technology Application Team, Research Triangle Institute, P.O. Box 12194, Research
Triangle Park, NC 27709; Dr. Doris Rouse, Director, (919) 541-6980

If You Have a Question..NASA Center For AeroSpace Information
can answer questions about NASA's Technology Transfer Network and its services
and documents. The CASI staff supplies documents and provides referrals. Call, write
or use the feedback card in this issue to contact: NASA Center For AeroSpace
Information, Technology Transfer Office, 800 Elkridge Landing Rd, Linthicum Heights,
MD 21090-2934. Walter M. Heiland, Manager, (410) 859-5300, Ext. 245.

A Shortcut To Software: COSMIC®—ror software developed with NASA
funding, contact COSMIC, NASA's Computer Software Manage-ment and Information
Center. New and updated programs are announced in the Computer Programs section.
COSMIC publishes an annual software catalog. For more information call or write:
COSMIC®, 382 East Broad Street, Athens, GA 30602 John A. Gibson, Director, (706)
542-3265; FAX (706) 542-4807.
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Special Focus:
Advanced Composites and Plastics

Low-Dielectric-Constant Polyimide/Glass Composites
An advance in polymer technology yields composites
that have relatively low dielectric constants.
Langley Research Center, Hampton, Virginia

High-performance matrix resins that
have low dielectric constants are increas-
ingly in demand in the electronics industry
for use in printed-circuit boards. The
dielectric constants of state-of-the-art
commercially available polyimides gen-
erally range from 3.2 to 4.0. A significant
reduction in dielectric constant has been
achieved at NASA Langley Research Center
by reducing the interactions between linear
polyimide chains and by the incorporation
of fluorine into the polymer backbones.

In an extension of the foregoing devel-
opment, further reductions in dielectric
constants are obtained by physically in-
corporating selected diamic acid addi-
tives into polyimides. Polyimides that have a
dielectric constant of 2.4 have been devel-
oped as candidate matrix resins for use in
printed-circuit boards. By use of such
resins, one can produce glass-reinforced
laminates that have very low dielectric
constants.

One low-dielectric-constant polymer
known from the previous development
efforts is 6BFDA/4-BDAF, which is pre-
pared from 2,2-bis(83,4-dicaboxyphe-
ny)hexafluoropropane dianhydride (6FDA)
and 2,2-bis[4(4-aminophenoxy)-phenyllhex-
afluoropropane (4-BDAF). This polymer
contains fluorine, in the form of G(CF5),
groups, in both the dianhydride and the
diamine and was chosen as the matrix

resin for the glass-reinforced laminates.
Prepregs were prepared by use of 6FDA/
4-BDAF, with and without diamic acid ad-
ditive, on two commercially available glass
fibers, and laminates were prepared in
stainless-steel molds. Multiple-ply uni-
directional laminates were prepared for
measurements of dielectric constants (see
table) and other physical properties.
The results of the measurements show
that one can fabricate polyimide/glass

commercially available polyimide resins
alone. This technology has strong poten-
tial for use in the microelectronics indus-
try for the fabrication of printed-circuit
boards and in the fabrication of compo-
nents for military aircraft.

This work was done by Diane M. Stoak-
ley, Anne K. St. Clair, Robert M. Baucom,
K. Mason Proctor, Ricky E. Smith, and Jan-
ice Y. Smith of Langley Research Center.
For further information, write in 96 on the

composites that have dielectric constants TSP Request Card.
as low as those currently obtained with LAR-14544d
Dielectric Dielectric Percentage of Dielectric
Polyimide Resin Cons}ant of Constant of Resin in Constant of
Film Fiber Laminate Laminate
33.3 3.8
6FDA/4-BDAF 2.4 5.0
31.9 4.0
6FDA/4-BDAF
With 5 Percent ) 5.0 21.8 4.2
Additive
6FDA/4-BDAF
With 2.5 Percent s 3.8 259 33
Additive

Dielectric Constants of various polyimide/glass laminates were measured.

More About V-CAP Polyimides

These processible matrix resins extend the continuous-use temperature of composite materials.
Lewis Research Center, Cleveland, Ohio

V-CAP polyimides, which have been
described previously in NASA Tech
Briefs, have been shown to be processi-
ble, high-molecular-weight addition-cur-
ing matrix resins that extend the con-
tinuous-use temperature of advanced
matrix/fiber composite materials. Under
contract to NASA, General Electric used
VCAP to fabricate and successfully test
the hot section of a forward exhaust
fairing on their F110 engine (see figure).

24

V-CAP polyimides can also be used in
other components of jet engines and
airframes, including vanes, fan frames,
cowls, and wing panels. Nonaerospace
applications include brake linings, bearings,
grinding wheels and slip seals, commu-
tators in electric motors, and parts of
motors in refrigerator compressors.
Future applications might include print-
ed-circuit boards and components of
nacelles in jet engines.

Such competitive previously known
addition-curing polyimides as Kerimid
(or equivalent) and F178 (or equivalent)
have continuous-use temperatures no
higher than 500°F (260°C), and PMR-15
polyimide has a continuous-use tem-
perature no higher than 550°F (288°C). In
contrast, V-CAP polyimides and struc-
tural components made with them can
be used continuously at temperatures
up to 650°F (about 343°C) and can be
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used intermittently up to 700°F (about
371°C); V-CAP polyimides have more

than twice the useful life of PMR-15 at
B600°F (about 315°C).

This Forward Exhaust Fairing of an F110 jet engine was made with a V-CAP polyimide.

Similar to PMR-15, alcohols that boil
at low temperatures are used as sol-
vents that facilitate the processing of
V-CAP polyimides, and these alcohols
are easily removed during processing.
Low-void VCAP composite structural
components can be autoclave fabricat-
ed at pressures as low as 100 psi (0.7
MPa), as well as by compression and
transfer molding.

This work was done by Raymond D.
Vannucci and Diane C. Malarik of Lewis
Research Center. For further informat-
ion, write in 50 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
development should be addressed to
the Patent Counsel, Lewis Research
Center [see page 22].

Refer to LEW-15528.

Predicting Fatigue Lives of Metal-Matrix/Fiber Composites

Tensile properties are used in a simple formula.
Lewis Research Center, Cleveland, Ohio

A method of prediction of the fatigue
lives of intermetallic-matrix/fiber compos-
ite parts at high temperatures is styled
after the method of universal slopes.
For more than 20 years, the method of
universal slopes has been used to pre-
dict approximate fatigue lives of alloy
(only) components without having to
perform the expensive and time-con-
suming large number of fatigue tests
that would normally be needed for

1.0
- v T e ey
¥ o'.g[%oT Aok NV O
g 0.6~ | Tensile
0.5  Ductility
a \
§‘ 04} Range in] b O\
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EQal- 0O si15°C i
) ——— 425 °C Correlation
= — - — 815 °C Correlation
0.1 I | | | |
: 1 4 5 106
fo¥ 0 ot R a0t S5 0

Observed Fatigue Life (Ny ), Cycles

Figure 1. Observed Fatigue Lives of
Three-Ply Specimens of unidirectional-fi-
ber composites of SiC fibers in a matrix of
65Ti/24Al/11Nb (the numbers represent
atomic percentages) at two temperatures
were correlated with data from tensile tests
of these specimens at the two temperatures,
by use of the universal-slopes-like equation.
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complete fatigue characterizations. In
the method of universal slopes, it suf-
fices to perform relatively small num-
bers of fatigue tests. The data from the
fatigue tests are then correlated with
tensile-test data by fitting a universal-
slopes equation to both sets of data.
Thereafter, the universal-slopes equa-
tion can be used to predict fatigue
lives from tensile properties.

The basic equation of the present
method, which is similar to the univer-
sal-slopes equation, is

Mo = A{S) X e(emaxy

where N, is the predicted fatigue life
(number of fatigue cycles); €y,5 is the
maximum applied strain; A, o, B, yand
are constants; and E, o, and gf are
the modulus of elasticity, ultimate ten-
sile strength, and fracture strain, respec-
tively, of the composite material. The
ratio o,,4/E can be regarded as the
maximum elastic strain that can be
applied to the composite, while &f is a
measure of the ductility of the compos-
ite and represents a combination of
maximum elastic and inelastic applied
strains.

Theparameters, A, o, B, andyarecom-

puted by usingmultiple-regressionanaly-
sis to fit the equation to tensile-test and
low-cycle-fatigue-test data obtained at
various temperatures (see Figure 1).
Then following an approach similar to
that of the universal-slopes method, the
equation can be used to predict fatigue
lives at different temperatures for which
tensile-test data, but not fatigue-test da-
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Figure 2. Predicted Fatigue Lives of
eight-ply specimens of the unidirectional-
fiber SiC/(65Ti/24Al/11Nb) composite at
650 and 760 °C are compared with actual
fatigue lives. Also shown are correlations
of test data from three-ply specimens at
425 and 815 °C. A point on the solid line
would fit the universal-slopes-like equa-
tion perfectly.
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ta, are available. In making such a pre-
diction, the values of E, oy, and &f
used in the equation are those
obtained in tensile tests at the tempera-
ture in question, while the values A, a, B,

and vy are those obtained previously
from the multiple-regression fit. Figure 2
presents an example of fatigue lives as
observed and as predicted by this
method.

This work was done by Paul A.
Bartolotta of Lewis Research Center.
For further information, write in 48 on
the TSP Request Card.

LEW-15676

Improved PMR Polyimides for Heat-Stable Laminates
Resins with improved thermo-oxidative stability result from the replacement of

the nadic-ester end cap by p-aminostyrene.
Lewis Research Center, Cleveland, Ohio

Second-generation PMR-type polyimides
(PMR-Il polyimides) of enhanced thermo-
oxidative stability can be prepared by the
substitution of para-aminostyrene (PAS)
end caps for the nadic-ester (NE) end caps
used in prior PMR-Il polyimides, experi-
ments have shown. Laminates unidirec-
tionally reinforced with graphite fibers and
made with the PAS-capped resins exhib-
ited thermo-oxidative stabilities significant-
ly greater than those of similar laminates
made with NE-capped PMR-lIresins. One
of the new laminates exhibited high reten-
tion of weight and strength after 1,000 h of
exposure to air at 371°C.

In these experiments, PMR-Il resins of
the older type were prepared from (a) n

moles of HFDE — the dimethyl ester of
4,4’-(hexafiuoroisopropylidene)-bis(phthalic
acid), (b) n + 1 moles of para-phenylene-
diamine (PPDA), and (c) 2 moles of the
nadic ester, which is the monomethyles-
ter of 5-norbornene-2,3-dicarboxylic acid.
The newer polyimide resins end-capped
with PAS — called “V-CAP” for “vinyl-
capped addition polyimide” — were formed
fromn + 1 moles of HFDE, n moles PPDA,
and 2 moles of PAS (see figure) Methanol
solutions (40 to 50 percent solute by
weight) were preparedatn=9andn=14
in both resin systems.

Prepreg laminate tapes were prepared
by brush application of resin solutions on-
to graphite fibers wound on a drum and

calculated to contain 55 volume percent
fiber after curing. Each prepreg was allowed
todry on the drum, under quartzlamps, to
a volatile content of 11 to 12 weight per-
cent, then removed from the drum and cut
into plies of 7.62 cm by 20.32 cm. Plies
were stacked unidirectionally to yield lami-
nates destined to be 0.23 t0 0.25 cm thick
aftercuring. Thelaminateswerelaidupina
vacuum bag and curedinapress by use of
asimulated autoclave process. After cur-
ing, the laminates were cured without
pressing: some in air, others in nitrogen.
For air, the curing-temperature schedule
was ambient to 260°C at 20°C/min, then
260°Ct0385°Cat 1°C/min, witha2-h holds
at316 and 343°Cfollowed by a 20-h hold

5 minute plots

Now, with a new low price, the
HP DesignJet 200 monochrome
inkjet plotter is more affordable

than ever.

under five minutes.

It’s true. For about the price of the aver-
age pen plotter, the HP DesignJet 200
gives you crisp, 300-dpi, D-size plots in

Of course, HP’s proven inkjet technology
means more than just fast plotting. It
means no more pen-related problems.
No more skipped lines. No more pen
clogging. And our smooth, quiet writing
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at 385°C. The schedule for nitrogen was

similar except that the maximum temper-

ature was 399°C.
Flexuralandinterlaminar-shear-strength

(ILSS) tests were performed on laminate

specimens before and after exposure toair

at 371°C. The weights lost by laminate
specimens exposed to the atmosphere at
371°C were also measured.

The results of these experiments led to
the following conclusions:

* The use of para-aminostyrene as an end
cap in high-molecular-weight PMR-II-
type resins (V-CAP resins) significantly in-
creases thermo-oxidative stability.

* Postcuring in nitrogen can significantly
increase in the thermo-oxidative stabili-
ties of high-molecular-weight PMR-II-
type laminate materials.

* Postcuring of laminates made of high-
molecular-weight PMR-Il resins yields
higher glass-transition temperatures than
does postcuring in air.

* Laminates made of V-CAP (n = 14) resin
and graphite fibers exhibit excellent re-
tention of both weight and mechanical
properties after exposure to airat 371°C
foraslong as 1,000 h.

Thisworkwas doneby R. D. Vannucci, D.

C. Malarik, D. S. Papadapoulos, and John

F. Waters of Case Western Reserve Uni-

versity for Lewis Research Center. Fur-
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Monomethylester of
5-Norborene-2,

3-Dicarboxylic Acid
(NE)

Para-Aminostyrene
(PAS)

Dimethylester of
4,4'—(Hexafluoroisopropylidene)-
Bis(Phthalic Acid)

(HFDE)

Para-Phenylenediamine
(PPDA)

These Monomers were used to prepare the older (NE-capped) and newer PAS-capped (V-

CAP) PMR-II polyimides.

ther information may be found in NASA
TM-103233 [N90-27874/TB], “Auto-
clavable Addition Polyimides for 371°C
Composite Applications.”

Copies may be purchased (prepayment
required) from the NASA Center for Aero-
Space information, Linthicum Heights,
Maryland, Telephone No. (301)621-0394.

Rush orders may be placed for an extra

fee by calling the same number.
Inquiries concerning rights for the com-

mercial use of this invention should be

addressed to the Patent Counsel, Lewis

Research Center [see page 22].

Refer to LEW-15308.
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Poly(arylene ether)s That Resist Atomic Oxygen

These polymers, which contain phosphine oxide, have favorable physical and

mechanical properties.

Langley Research Center, Hampton, Virginia

Novel poly(arylene ether)s contain-
ing phosphine oxide (PAEPQ’s) have
been made via aromatic nucleophilic
displacement reactions of activated
aromatic dihalides (or, in some cases,
activated aromatic dinitro compounds)
with new bisphenol monomers that
contain phosphine oxide. The new
PAEPQO’s exhibited a favorable com-
bination of physical and mechanical
properties and resistance to mona-
tomic oxygen in an oxygen plasma
environment. These PAEPO’s could be
useful as adhesives, coatings, films,
membranes, moldings, and compos-
ite matrices.

Phenylphosphine oxide bisphenol
monomers either meta or para were
prepared by reacting hydroxyanisole
with bis(4-fluorophenyl)-phenylphosphine
oxide [or, in some cases, bis(4-flu-
orophenyl)methylphosphine oxide] in
N, N-dimethyl acetamide, followed by
demethylation by use of hydrobromic
acid. The PAEPO’s were then syn-
thesized by the nucleophilic dis-
placement reactions of the monomers
with activated aromatic dihalide (or,
in some cases, dinitro) compounds
(see figure).

The inherent viscosities of the
PAEPO’s ranged from 0.57 to 0.75
dlL/g, and the glass-transition tem-
peratures (T,’s) ranged from 171 to
213°C. Thermogravimetric analysis at a
heating rate of 2.5°C/ min showed no
loss of weight at temperatures below
300°C in air or nitrogen, and a
weight loss of 5 percent occurred
at about 465°C in air and at about
500°C in nitrogen. The average tensile
strength, tensile modulus, and e-
longation at break at 23°C for unori-
ented thin films were 11.0 kpsi (75.8
MPa), 325 kpsi (2.24 GPa), and 95
percent, respectively.

After exposure to an oxygen plasma
for 23 h under vacuum, PAEPO fims
with areas of 0.25 in.2 (6.510‘4 m2)
and thicknesses of 1 to 2 mils (0.025
to 0.051 mm) lost weight at rates of
0.0025 to 0.0855 mg/h. In compar-
ison, a similar Kapton™ (polyimide
from DuPont) film lost weight at a
rate of 0.88 mg/h.

This work was done by John W.
Connell and Paul Hergenrother of Lang-
ley Research Center and Joseph G.
Smith, Jr., of the University of Akron.
For further information, write in 90 on
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Poly(arylene ether)s That Contain Phosphine Oxide were made in this sequence
of reactions.

the TSP Request Card.

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

Counsel, Langley Research Center
[see page 22].
Refer to LAR-15054.
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Simulating a system with SIMULINK: Scope block and MATLAB animation window show results while
the simulation is running. You can change parameters during a simulation to do “what if” analyses.
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SIMULINK provides over 200 built-
in block types from which to build
your models. You can also design
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Extensive model types
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Interactive simulation

SIMULINK makes it easy to run sim-
ulations and monitor results interac-
tively. Just attach signal source

blocks to generate input signals and

Graphically tune parameters in a nonlinear sys-
tem with the Nonlinear Control Design Toolbox.

For More Information Write In No. 611

oscilloscope blocks to monitor out-

puts. For “what if” analyses, change
parameter settings while the simula-
tion is running; you see the changed

outputs immediately.
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Phenylethynyl End-Capping Reagents and

Reactive Diluents

These reagents transform arylene ether oligomers and polymers into readily
processable reactive materials that can be converted thermally to thermosets.

Langley Research Center, Hampton, Virginia

Compounds that contain the phenyl-
ethynyl group can serve as thermally
reactive polymer end caps and reactive
diluents. These compounds could be
useful in the preparation of adhesives,
composite matrices, and molding com-
pounds. The top part of Figure 1 illus-
trates the synthesis of 4-phenylethynyl-
4'- fluorobenzophenone, which can be
used as an end-capping agent to trans-
form aromatic dihydroxy compounds in-
to reactive materials that can be con-
verted thermally into thermosets. One
can also synthesize end-capping agents
that behave similarly to 4-phenyl-4'-
fluorobenzophenone by substituting Cl
or NO, for F and SO, or another acti-
vating group for CO. The middle and
bottom parts of Figure 1 illustrate the
synthesis of 4-phenoxy-4-phenylethy-
nylbenzophenone, a model compound
and bis(4-phenylethynylbenzoyl-4'-phe-
noxy)-ethyl ether, a reactive diluent. The
reactive diluent decreases the melt vis-
cosities of high-molecular-weight phe-
nylethynyl-terminated oligomers and
subsequently reacts with the oligomers
to increase crosslink densities in the
cured material.

The phenylethynyl group has been
found to offer several unexpected ad-
vantages over the ethynyl-based ana-
log. In an experiment in which 4-phen-
ylethynyl-4'-fluorobenzophenone was
treated with phenol in the presence of
an alkali-metal base (potassium car-
bonate) in a polar aprotic solvent at a
temperature of 160°C, the expected 4-
phenoxy-4'-phenylethynylbenzophenone
was afforded in nearly quantitative yield.
However, when 4-ethynyl-4'-fluoroben-
zophenone was used in the same pro-
cedure, the result was a mixture of
products with a total yield of 60 per-
cent. Several variations in the proce-
dure were tried, but the resulting prod-
uct was not exclusively the expected
ethynyl arylene ether. These results
indicate that when the phenylethynyl
end-capping compound is used to ter-
minate an aromatic dihydroxy com-
pound, the reaction should yield the
expected phenylethynyl-terminated
reactive oligomer exclusively, whereas
if the ethynyl adduct is used, the reac-
tion will yield a variety of products.

Figure 2 shows results of differential
scanning calorimetry on the model com-
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Figure 1. Compounds That Contain Phenylethynyl are synthesized for subsequent use
in making thermoset polymers.

Figure 2.
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pound, 4-phenoxy-4'-phenylethynylben-
zophenone. This compound is rela-
tively stable at a temperature of 200°C,

as evidenced by little reaction after 20
h at 200°C, but it reacts in 1 h at
350°C. This thermal stability is unusual,
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given that ethynyl-terminated arylene
ethers cure at temperatures between
160°C and 250°C during intervals of 0.5
to 1.5 h.

Since the phenylethynyl compounds
display such unique thermal behavior,
several low-melting bis(phenylethynyl)-
arylene ethers were synthesized for use
as reactive diluents. One diluent, bis(4-
phenylethynylbenzoyl-4'-phenoxy)ethyl
ether, which melts at ~127°C, was

used to decrease the melt viscosities
of relatively high glass-transition-tem-
perature phenylethynyl-terminated
obigomers, thereby improving their com-
pression moldability. This diluent was
blended with a phenylethynyl-terminated
arylene ether at levels of 10 and 30
percent by weight. The melt viscosities
of the resulting blends at 200°C were
significantly lower than that of the oli-
gomer alone.

This work was done by Robert G.
Bryant, Brian J. Jensen, and Paul M.

" Hergenrother of Langley Research

Center. For further information, write
in 26 on the TSP Request Card.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Langley Research Center [see page 22].
Refer to LAR-14796.

Phenylethynyl-Terminated Poly(Arylene Ethers)

These can be thermally cured to provide materials that are crosslinked and insoluble

in common organic solvents.

Langley Research Center, Hampton, Virginia

Phenylethynyl-terminated poly(arylene
ethers) have been synthesized in a
wide range of molecular weights by
adjusting the monomer ratios and ad-
ding appropriate amounts of 4-phenyl-
ethynyl-4'-fluorobenzophenone to the
monomers to end-cap the oligomers
during polymerization. The resulting phe-
nylethynyl-terminated poly(arylene ethers)
have low molecular weights and ac-
cordingly low melt viscosities, and there-
fore are easily processed as adhesives,
composites, and moldings. When heat-
ed to ~350 °C, the phenylethynyl groups
react with one another to provide chain
extension, branching, and crosslinking.
When compared with the correspond-
ing uncrosslinked polymers, these ma-
terials exhibit increased resistance to
solvents, greater tensile moduli, and
better high-temperature properties. The
phenylethynyl-terminated poly(arylene
ethers) are useful as adhesives, com-
posite matrices, and moldings, espe-
cially in applications in which a combi-
nation of toughness and resistance to
solvents is needed.

The general reaction scheme to syn-
thesize the phenylethynyl-terminated
poly(arylene ethers) is shown in the fig-
ure. After curing for 1 h at 350 °C, the
resulting polymers are crosslinked and
insoluble in common organic solvents.
Polymers with molecular weights of
both 3,000 g/mole and 6,000 g/mole
have been synthesized in experiments;
in principle, polymers of essentially any
molecular weight from about 500 to
about 20,000 g/mole can easily be
prepared by adjusting the monomer
stoichiometry. Several different phenyl-
ethynl-terminated poly(arylene ethers)
were synthesized at both 3,000 and
6,000 g/mole theoretical-number aver-

NASA Tech Briefs, April 1994

=0

(o)
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Phenylethynyl-Terminated Poly(Arylene Ethers) are formed in this reaction se-
quence, then thermally crosslinked. The resulting polymers are insoluble in common

organic solvents.

age molecular weights. With a phenyl-
ethynyl-terminated arylene ether having
a theoretical-number average molec-
ular weight of 6,000 g/mole, titanium
to titanium tensile shear specimens
were readily fabricated under 50 psi at
350°C for 1 hour. Average tensile-shear
strengths were 4,300 psi at room tem-
perature and 4,000 psi at 177 °C.

This work was done by Brian J.
Jensen, Robert G. Bryant, and Paul M.
Hergenrother of Langley Research
Center. For further information, 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,
Langley Research Center [see page
22]. Refer to LAR-14797.
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Latching-Relay Driver and Continuity Checker
Average power consumed is reduced by about 15 W.
Lewis Research Center, Cleveland, Ohio

A driving circuit and an associated con-
tinuity-checking circuit enable the use of
a latching relay switch instead of a non-
latching relay switch in a 120-Vdc
power-distribution system. The non-
latching relay consumes about 15 W of
power in sustaining closure of the switch
contacts. The latching relay consumes
no power in sustaining opening or clo-
sure, but does consume about 60 W in
moving between the “open” and “closed”
positions during a switching interval of about
20 ms. The nonlatching relay automati-
cally opens upon failure of the supply volt-
age, but the latching relay does not.
Thus, the nonlatching relay offers the ad-
vantage of a fail-safe operating mode,
while the latching relay offers the ad-
vantage of 15 W less consumption of
power most of the time.

The driving circuit and the associated
continuity-checking circuit (see figure)
make it possible to combine the
advantages of both relays by providing
fail-safe features for the latching relay.
The driving circuit includes a turn-off
transistor switch and a turn-on transis-
tor switch, which allow current to flow

Tum-On
Transistor

Tum-On

Command
+O
120 Vdc From N | Storage
Power Supply Voltage-Level

Capacitor
(200 pF) l

_077 Mmbm\g

Tum-Off
Command

The Latching-
Relay Driver
and Continuity
Checker, shown
here in simplified
&N form, provide
automatic turnoff

Relay-Switch
Terminals

Tum-On

Relay Coil

Tum-Off
Relay Coil of the relay when
the power fails,
izt or an alarm that
|~ Transistor

Switch indicates a dis-
continuity in the
turn-off circuit,
respectively.
Fault Alarm Out

in the turn-on relay coil or tum-off relay
coil, respectively, upon receipt of a turn-
on or turn-off command from external
circuitry. The driving circuit also
includes a voltage-level fault-detecting
circuit, which generates a turn-off
command when either the main 120-
Vdc supply, a 5-Vdc supply, or a 15-
Vdc supply fails. A 200-uF storage
capacitor in the driving circuit sustains
enough switching power for a long
enough time after detection of a fault

to switch the relay to the “off” position.

The continuity-checking circuit tests
for continuity of the path from the turn-
off coil through the turn-off transistor
switch to ground. It performs this test re-
peatedly: once every second. When it
detects a fault, it puts out an alarm signal.

This work was done by Thomas A.
Kachelski of Rockwell International Corp.
for Lewis Research Center. For fur-
ther information, write in 28 on the
TSP Request Card. LEW-15159

lon Accelerator With Negatively Biased Decelerator Grid
Sputter erosion of the accelerator grid is reduced.
NASA’s Jet Propulsion Laboratory, Pasadena, California

The figure depicts a three-grid ion ac-
celerator in which an accelerator grid is
biased at a negative potential (typically,
—200 Vdc) and a decelerator grid down-
stream of the accelerator grid is biased
at a smaller negative potential (typically,
—-80 Vdc). This grid and bias arrangement
reduces the frequency of impacts, upon
the accelerator grid, of charge-exchange
ions produced downstream in collisions
between the accelerated ions and the
atoms and molecules of the background
gas. As a result, sputter erosion of the
accelerator grid is reduced.

Reduction of sputter erosion of an ac-
celerator grid is desirable because such
erosion is the major factor that limits op-
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erating life of an ion accelerator. If an ac-
celerator is to be used in an industrial
process like ion-beam etching or micro-
machining, reduction of such erosion is
also desirable to reduce contamination
of the target with the accelerator-grid ma-
terial. Of course, the life of an accelera-
tor grid can be extended and the contam-
ination of any target material can be
reduced by operating the accelerator at
lower background pressure (higher vac-
uum), but maintenance of a high vac-
uum on Earth during a long operating
time can be expensive. Thus, if an ion
accelerator is to be used eventually in
outer space as an ion engine or on
Earth in a high vacuum, it could be

tested on Earth in a lower vacuum and
it would survive longer (as though it
were in a higher vacuum) if it were
equipped with the new grid and bias
arrangement.

The potentials on the accelerator and
decelerator grids are tied to the potential
on the neutralizer cathode, which is typi-
cally maintained at —15 Vdc with respect
to the ion-beam plasma to enable elec-
trons to be drawn from the neutralizer
cathode into the beam. The decelerator
grid collects most of the charge-exchange-
ion current that would otherwise strike
the accelerator grid, resulting in a corre-
sponding decrease in erosion of the ac-
celerator grid. Atthough there is some ero-

NASA Tech Briefs, April 1994
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ULTRAMINIATURE A1350 ATTENUATOR RELAY

The Critical Cell Of The
RF Attenuator Has Become
The Whole Attenuator

THE FIRST SELF-CONTAINED,
ULTRAMINIATURE
SWITCHABLE ATTENUATOR!
Teledyne Relays’
new A150 Attenua-
tor Relay* is spe-
cifically engineered
to provide a her-
metically sealed
electro-mechanical
relay that can attenuate RF signals without
additional external components.

Our new self-contained switch-
able attenuator provides high isolation
between control and signal paths, stable
attenuation vs. temperature, excellent phase

*Patent pending

linearity vs. frequency and outstanding
intermodulation performance. The A150
Attenuator Relay is designed for use in 50
ohm systems over the frequency range from
dc to 3 GHz. The unit is less than .050
cubic inches in volume, occupies less than
0.200 square inches of board space and
weighs less than 0.12 ounces. The thin-film
matched attenuator pad is integrated into
the unit’s mechanical switching circuit.
The AI50 Attenuator Relay is
housed in Teledyne Relays’ extended
Centigrid® hermetically sealed package.
The two rows of connecting leads are
0.200" apart and the leads are spaced 0.150"
center-to-center. It also features internal
welded construction and uni-frame design

for high motor magnetic efficiency and
exceptional mechanical ruggedness.
Its gold-plated precious metal contacts
assure low contact circuit losses and
reliable switching.

The A150 is the only RF Atten-
uator of its kind. For price, delivery and
technical information, call 1-800-284-7007
or FAX us at 1-213-779-9161.

Actual size

“P*TELEDYNE RELAYS

Innovations In Switching Technology

HOME OFFICE, 12525 Daphne Avenue, Hawthorne, CA 90250 » Telephone 213-777-0077 « FAX 213-779-9161
U.S. REGIONAL SALES OFFICES: EASTERN, 201-299-7667: CENTRAL, 708-529-1060.

OVERSEAS: GERMANY, 011-49-611/7636-147: ENGLAND, (081) 571-9596: BELGIUM, (02) 673-99-88: JAPAN, (3) 3797-6956

For More Information Write In No. 669



TTC Slowing You Down?

Most PC data acquisition solutions require more time to configure
the hardware and software than it takes to collect data!

Introducing DATAshuttle, measurements with a
a fresh approach to achieving notebook computer in the
the absolute lowest “Time-  plant or the field, the
To-Collection” (TTC) ofany  DATAshuttle will save you
data acquisition system valuable time. Let us show
available today. you how.

Whether you are perform-  For more information on
ing desktop experimentsin  the DATAshuttle family of
the laboratory or logging products, call (800)736-8810.

Strawberry Tree

Data Acquisition So Smart, It's Simple

For More Information Write In No. 433
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= data recording system. The ME-981 is qualified
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Neutralizer

" Gid Keeper Cathode

Tip-Heater
I a Power Supply

Neutralizer Common

Negative Bias on the Decelerator Grid (but at a magnitude
smaller than that of the accelerator grid) reduces the erosion of
the accelerator grid by impacts of charge-exchange ions.

sion of the decelerator grid, it is much smaller because of the
smaller bias voltage and the correspondingly smaller sputter yield.

An additional benefit of this arrangement is that it makes it
possible to operate the accelerator grid at smaller negative
bias (typically, =200 V instead of —300 V) without incurring
backstreaming of electrons from the neutralizer cathode. The
sputter yield and the rate of erosion are smaller (in this case, by
half) at the smaller bias.

This work was done by John R. Brophy of Caltech for NASA’s
Jet Propulsion Laboratory. For further information, write in 99
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 development should be addressed to the
Patent Counsel, NASA Resident Office- JPL [see page 22].
Refer to NPO-18391

Computing Misalignments
From Measured
Contact Resistances

The flange resistance of an aligned contact
is multiplied by a semiempirical factor.
NASA’s Jet Propulsion Laboratory,
Pasadena, California

Misalignments of contacts in integrated circuits can be com-
puted, and measured contact resistances can be corrected for
the effects of misalignments by use of a method based on a rel-
atively simple mathematical model of measured contact resis-
tance. The method is particularly useful in estimating the effects
of misalignments on four- and six-terminal (Kelvin-tap) contact-
resistance measurements taken with L-shaped test structures.

The figure illustrates part of a four-terminal Kelvin-tap cross-
contact chain that includes two misaligned square contacts
between a thin semimetal strip of finite resistivity and a metal strip
(above the page, not shown) of nominally zero resistivity. The
strips (called the “flanges” in the industry) must be made wider
than the contacts to allow for misalignment. Because some par-
asitic currents flow in the flanges, the measured contact re-
sistance R exceeds the true contact resistance R by an amount
known as the flange resistance Rg; that is,

NASA Tech Briefs, April 1994



You probably know us for firing brick,
bgt whenyyou look a little closer

you 1l find wete big
in electrical ceramics, too.

When you take a close look at Harrop you'll of temperature and the entire firing process.
find we’re into computer chips, ceramic And, you'll find operating flexibility to
substrates, ferrites, insulators, spark plugs — be a key advantage, too. We understand your
and just about every electrical ceramic around. needs for kilns that are flexible, and you'll
Harrop is your single source for modern kiln find it in every kiln we build. They’re kilns which

design. No matter what your processing respond to changes in production
need, Harrop can custom design kilns or to changes in
for the high technology processes of — product line.
the 80’s. . o, sy Even more,

Harrop offers prefabricated 5 L o our experienced
and field-built kilns — both con- technical staff will
tinuous and periodic — including continue to provide
Shuttle Kilns and Elevator Kilns technical advice and
for medium volume pro- service whenever
duction, Tunnel Kilns for you need us. We're
high volume production, service oriented —
Pusher Plates for pre- and have been for
cision temperatures and 60 years. And, we'll
atmospheres and Box train your operators,
Kilns for small pro- troubleshoot your oper-
duction. The com- ating problems, and con-
petition only offers tinue to recommend
1 or 2 models. fpractical improvements

0

But we r your firing aptplication.
don’t just sell you It’s all part of Harrop's
akiln. We start by design philosophy —to stay
first understanding abreast of new develop-
your operation. ments in electronic and elec-
We take the time trical ceramics. And to build
to learn your reliable, rugged, and fast fire

gas and electric kilns —that
offer the greatest flexibility,
fuel efficiency and overall pro-

= ductivity to make your operation
tion that fits your exact needs. e more profitable.
And before we make our recommenda- i We’ve been around a long time.
tions, your materials are put through a And we offer a broad spectrum of sophisticated

entire process.

Then we work .
closely withyouto
design a kiln applica-

comprehensive materials testing program in kiln designs and heating applications. So the
our labs to determine the optimum firing closer you look, the more you'll find. To find
cycle and thermal processing. _ out more, call or write Harrop Industries, Inc.,
In every kiln Harrop builds we use micro- 3470 East Fifth Avenue, Columbus, Ohio 43219,
processor control systems for precision control Telephone: 614/231-3621.
Electrical Ceramics: we talk the language at
HARROP

For More Information Write In No. 506




SL-GMS

—n

...for unprecedented
performance

Build precision, animated
screens for visual display
and interactive control of
real-time applications.

Since 1984 SL has offered true object-
oriented graphics development tools and
software components-- lﬁe most advanced
available—to help build state-of-the art, high
performance
dynamic
graphical
applications.

They
simplify the

work needed
to create
interface
screens of any
complexity
and animate
them with
your data.

W Space shuttle main engine

| Semct wn tyect trom 0 Sgrmn

B Telecommunications network monitoring

Supported systems:

nearly all varieties of UNIX on SUN,
HP, IBM, MIPS, DEC (VAX/Alpha,
OpenVMS/OSE-1), also X Wingow,
Intel: Windows N'T, OS/2. For SGI
SL generates display pipe-line code
to reach real-time native speeds.

Call: 415/927-1724

Sherrill=sLubinski

SL Corporation

Suite 110 Hunt Plaza

240 Tamal Vista Boulevard

Corte Madera , CA 94925

© 1994 Sherrill-Lubinski Corporation

For More Information Write In No. 431

Two Square
Contacts
are dis-
placed hori-
Current Tap Contacts in zontally by &
y Bt 3 Actual Position and vertically
v 2 by n from
n perfect align-
7 : / 7\ ment.
e . 1
%5_’ ; ¥ o-. 1—' =F &
Semimetal Perfect R
Strip Alignment , K
Current Tap
H (Rc*™* + Rk ) +1)2
g = Ayl 2 :R/+RF0[1_Q2E 5 ) ]
R depends on the geometry and sheet R =Th) (§ + n)
resistances of the flanges and weakly 2 Bk T

on Ry; it can be computed to the desired
precision by use of a suitable
mathematical model of the electrical
current in a thin film. According to the
simplified mathematical model of the
present method, R varies approxi-
mately as a quadratic function of the
misalignments & and n shown in the
figure. The resulting equations for the
“left” and “right” contact resistances
Rk** and Rk~ respectively) are

RK++=RJ

+ RFO[1"°‘1 (‘5—{-“) + 0‘2(%:1)2]
and
Rk =Ry
oo 52 oo

where Rpq is the precise computed
value of R for perfectly aligned contacts,
d is the flange width shown in the figure,
and o' and o are obtained by fitting
this equation to the precise computed
values of RE.

Taking half the sum and the difference
of “left” and “right” contact resistances,

As a first-order approximation, one
could neglect the term associated with
oo. In that case, the equation justifies the
previous practice of computing R; by
averaging “left” and “right” measured four-
terminal resistances and subtracting R,
The difference equation enables a simple
estimate of the misalignment from the dif-
ferences between measured “left” and
“right” four-terminal resistances.

A six-terminal Kelvin tap enables four
independent four-terminal measurements
on the same contact, with different ori-
entations of the current-injecting tap.
Equations similar to those shown above for
the four-terminal case can be derived
and manipulated into sum and difference
equations in which one can take advan-
tage of the different orientations to esti-
mate § and n separately.

This work was done by Udo Lieneweg
and Hoshyar Sayah of Caltech for NASA’s
Jet Propulsion Laboratory. For fur-
ther information, write in 20 on the TSP
Request Card.

NPO-18691

Low-Heat-Leak Electrical Leads for

Cryogenic Systems

High-temperature superconductors are deposited on ther-

mally insulating substrates.

Langley Research Center, Hampton, Virginia

Electricalleadsthat offerhighelectri Elec-
trical leads that offer high electrical con-
ductivity and low thermal conductivity are

being developed for usein connecting elec-
tronic devices inside cryogenic systems
to power supplies, signal-processing cir-

NASA Tech Briefs, April 1994



intermediate A strip of leads is formed in the required

Signal-Processing pattern by screen-printing of the thick
: Circuits high-temperature superconductor onto
Signal Pulses (1
sotelbassd iA) / Superconductive | - the ceramic substrate. The substrate and
;eidf °t" Ceramic deposited leads are then heat-treated at a
upbstrate

temperature between 800 and 950 °C.
The substrate material must be chosen

~ : not only for its low thermal conductivity
] o il but also for chemical compatibility with
Infrared Detectors —— e &k the superconductive material during heat
in Cryogenic System 42K Flow of Heet 80 K treatment. Suitable substrate materials
include yttria-stabilized zirconia and fused

Figure 1. A Strip of Superconductive Leads on a ceramic substrate, similar to ribbon silica.
cable, connects infrared detectors at the temperature of liquid helium with warmer circuitry. To illustrate the advantage of the su-

perconductive leads on ceramic sub-

cuits, and other circuitry located in nearby
warmer surroundings (see Figure 1). These
leads are made of thick films of
YBapyCugOz_ y or other high-tempera-
ture superconductors formed in the
required conductive patterns onlow-ther- FO R A U TO M AT E D v I S I O N OE M S
mal-conductivity ceramic substrates. Typ- ‘ 4
ically, multiple parallel line conductors are I_ I F E B EG I N S AT
formed in strips similar to ribbon cables. g
The electrical leads that bridge the ther-
mal gradient at the boundary of a cryo-
genic system should be designed bothto
minimize the conduction of heat from the
surroundings through the leads into the
system and to minimize resistive heating
caused by electrical currents flowing in
the leads: this is necessary to minimize
the rate of boiloff of liquid helium or other
cryogen. Leads made of a high-temper-
ature superconductor are particularty well
suited for this purpose because (1) resis-
tive heating of the leads can be eliminated
by cooling them below the supercon-
ducting-transition temperature (typically,
93 Kiin the case of YBapCugOz ) and (2)
in comparison with other electrically con-
ductive materials like normally conductive
metals, the high-temperature super-
conductors have lower thermal conduc-
tivities (see Figure 2).

Series 150/40
"the industry’s (2s/es! vision processor"

n
(=]

Manganin

LS

s

z @ Modular 40 MHz pipeline processors

g 10} ® Plug-on 40 MHz DSPs for high-speed image analysis

£ ® Expandable parallel pipelines defined by software

= ® Real-time, true-color processing

E 5 @ Extensive vision application software tools

F o - T = 50  {| -gﬁ‘ i 3. W0y ® Unrestricted choice of image sensors

Temperature. K lMAGlNG ® VMEbus, ISA/EISA, and S-bus compatible
® In OEM quantities, single-board configurations

The Thermal Contfiuctivity of Y8a2(|:u30f7_x IMAGING start at less than $7,500
is less than that of manganin (an alloy of 84
percent Cu, 12 percent Ni, and 4 percent lMAGlNG
Mn), which has been used previously to lMAGlNG Cal I (800) 3 3 3-303 5
make electrical leads for cryogenic instru- f ey . '
mentation. High-temperature superconduc- ‘ Technology Inc. or add |t| Onal deta| IS .

tors based on Bi and Tl exhibit even lower
thermal conductivity.
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strates, the flow of heat from a location at
80 K along a 15-cm manganin connect-
ing wire to a location at 4 K was com-
puted, as was the flow of heat along a
comparable lead of BipSroCasCuzOy
superconductor (critical temperature =
110 K) on a fused-silica substrate. The

flow of heat through the superconduc-
tive connection was found to be only 20
percent of that through the manganin
connection.

This work was done by Stephanie A.

Forfurther information, write in 55 on the
TSP Request Card.

Inquiries concerning rights for the com-
mercial use of this invention should be
addressedtothe Patent Counsel, Langley

Wise of Langley Research Center, and
Matthew W. Hooker of Clemson University.

Research Center [see page 22].
Refer to LAR-14964

Wideband Linear Phase Modulator

Constant-y varactor diodes provide for nearly linear variation of phase with voltage.
NASA’s Jet Propulsion Laboratory, Pasadena, California

A phase modulator for transmission in
the X band provides a large phase devi-
ation that remains nearly linear with volt-
age over a relatively wide range. The mod-
ulator operates with low loss over a wide
frequency band and with stable charac-
teristics over a wide temperature range. At
a carrier frequency of 8,415 MHz, the
phase shift is +2.5 radians, varying lin-
early with voltage within £8 percent, and
the insertion loss is 6.35 dB. The 3-dB
bandwidths at temperatures of =35, +25,
and 85°C are 92, 84, and 75 MHz,
respectively.

The phase modulator is a cascaded
reflection phase shifter with two stages
coupled via circulators (see figure). The
unit is packaged in an 81- by 61- by 14.3-
milimeter module. Components are inter-
connected by transmission lines and
microstrip lines on a dielectric substrate.

The phase-shifting elements are two
hyperabrupt varactor diodes. Heretofore,
varactor diodes have not been well suited
to use as phase shifters, even though vari-
ations of phase that can be obtained by
use of them are large, because these vari-
ations in phase are highly nonlinear func-
tions of applied voltage. However, recent
developments in processing make it pos-
sible to build varactors that exhibit con-
stant y over a limited range of bias volt-
age. (yis the slope of the curve of logarithm
of capacitance versus logarithm of applied
voltage. Constant y is needed to obtain
the desired linearity.) The varactor diodes
in the phase modulator exhibit y= 1.5 at
reverse biases from 1.5 to 8.5 volts.

An associated drive circuit sums and
amplifies the modulation input signals and
provides a composite drive voltage to the
varactor diodes. A wideband operational
amplifier in the drive circuit processes
modulation signals at frequencies from
1 kHz to 20 MHz.

This work was done by Narayan R.
Mysoor and Robert O. Mueller of Cal-
tech for NASA’s Jet Propulsion Lab-
oratory. For further information, write
in 108 on the TSP Request Card.
NPO-18602
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(M)
Unmodulated
Input Input

Isolator

First Second

Stage Stage

Circulator Circulator

Modulated
Output Output
Isolator
MLIN:
Width = 1.40 mm

_'I‘_ l (About 50Q)
i1

Stub: Capacitor:
= 3.9 pF (Includes Ribbon Interconnection)

Length = 5.56 mm MLIN:

Width = 1.73 mm
MLIN:
Width = 0.25 mm
- Length = 5.56 mm
(109Q)

Length = 2.79 mm
Note: 1. MLIN: Microstrip Line

Angle = 20°,

MLIN:

Width = 1.73 mm
Length = 1.17 mm
42Q)

MLIN:

Width = 2.79 mm
Length = 4.88 mm
8092)  stub:

Width = 0.81 mm
TLIN: Length =2.44 mm

From Ribbon to Varactor
Characteristic Impedance = 150Q
Electrical Length = 9°

GaAs Hyperabrupt Varactor
MA 46411 - 126:

I Capacitance = 0.65 pF

at Reverse Bias of 4 V, Y=1.5

(42Q)
2. TLIN:Transmission Line

The Phase Modulator contains two varactor-diode phase shifters coupled via circulators.
A separate drive circuit (not shown) applies modulating voltages to the varactor diodes.
The modulation voltages are varied in accordance with the input to the drive circuit.

Free Advertisement
in NASA’S Report SPINOFF

If you have successfully transferred/applied NASA technology to
the development of a commercially available product/service,
we can present your story in
a future issue of the annual report SPINOFF.

For more information write in 536.
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Save time and mone

UTMC’s 1773 BCR

Our monolithic devices support
MIL-STD-1773 dual-redundant Bus
Controller (BC), Remote Terminal
(RT) and Monitor (M'T) functions.
Flexible architecture provides a variety
of interface solutions for today’s com-
plex systems. For space applications,
the family is available radiation hard-
ened. Contact us for complete
specifications, 800-645-UTMC.

For More Information Write In No. 674
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UTMC’s RTI and RTMP
are now 1773-compatible

For today’s low-complexity, fiber-
optic applications, UTMC’s Remote
Terminal Interfaces (RTI and RTMP)
implement all dual-redundant remote
terminal mode codes and operational
functions, including broadcast
commands. Available in 84-pin
pingrid array or 84-lead leadless chip
carrier packages, both are built on a
low-power CMOS process. Discover
the difference today, call 800-645-
UTMC for all the details.

For More Information Write In No. 675

ADVERTISEMENT
UTMC integrates MIL-STD-1773

functions as macros on ASICs

You don’t have room for bulky, power-hungry

boards when designing satellites and high-
performance aircraft. UTMC is the only
company that gives you 1773-compatible
ASIC megacells, including the BCRTM,
RTT and RTMP, as well as microcontrollers
and RAM configurations. Now, your ASICs
will be smaller in size, require less power and
cost less. Call today for more information, 800-645

For More Information Write In No. 676
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monitor. These functions operate

either autonomously or with a tightly-
coupled host to solve a wide range of interface problems.
The SUMMIT name means Serial, p-coded, Mono-

lithic, Multimode, Intelligent, Terminal. For you, the

SuMMIT means a new way to discover more board space

in your satellites.

800-645-UTMC
1575 Garden of the Gods Road
Colorado Springs, Colorado 80907
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Codng for Compression of Low-Entropy Data

Algorithms can be implemented in relatively simple circuits.
Goddard Space Flight Center, Greenbelt, Maryland

An improved method of encoding digi-
tal data provides for efficient lossless com-
pression of the partially or even mostly
redundant data from a low-information-
content source. Typically, the average
information content of such a source
is less than 1'/2 bits per sample. Such
a source could be, for example, an
image of a small, grey object on an
otherwise large, bright background (see
Figure 1), and the data samples are
the digitized brightness levels of pixels.
This method of coding can be imple-
mented in relatively simple, high-speed
arithmetic and logic circuits. This method
of coding also increases the coding effi-
ciency beyond that of the established
Huffman coding method in that the
average number of bits per code sym-
bol can be less than 1, which is the
lower bound for a Huffman code.

The derivation of the method begins
with a set of N nonnegative source sym-
bols, S = {Sg, S1: Sp» --» Sy_1}» Where s=
i represents a pixel brightness level or a
mapped difference between two bright-
ness levels, N = 27, and n is the number
of bits to which the brightness levels are
digitized. The pixel brightness levels are
digitized sequentially in a raster scan,
and the difference between the bright-
ness levels of two successive pixels is
mapped into symbol set S.

Consecutive symbols in S are paired or
grouped in threes, forming a new symbol
set, = {Y0. 1. Y2, ---» YW}, Where M = N2
for twosomes or N for threesomes, T is
said to be the second or third extension
of S (depending on whether twosomes or
threesomes are used), and the code is
denoted the second- or third-extension
code accordingly. The second-extension
code is optimal from about 0.75 to about
1.5 bits per sample; the third-extension
code is optimal at approximately....< 0.75
bit per sample.

The twosomes or threesomes are map-
ped into a comma code — a code in
which every code word ends with the
same code pattern, as though the pat-
tern denoted a comma or other, equiv-
alent separation mark. In this comma
code, the code word for an integer m is
m zeros followed by a one; for example,
the comma code for symbol y, = 4 fol-
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lowed by symbol y, = 2 is 00001001.
This scheme enables the coding of the
n-bit differences between successive
pixel brightness levels without the need
for codebooks.

Figure 2 shows block diagrams of sec-
ond-extension encoding and decoding
circuits. Each successive pair of consecu-
tive data samples is presented to the adder
in the encoding circuit. The adder gener-
ates the sums B and B+1. These sums
are multiplied, then divided by 2 (for ex-
ample, by use of a shift register) to ob-
tain mg. A second adder computes y,,=

m =m, +j. Theny,, =mis fed to a com-
ma-code generatator.

At the input end of the decoding cir-
cuit, y,, = m is obtained by counting
zeros in the comma code. Then my is
generated from m by use of lookup-table
data from a read-only memory. A sub-
tractor then computes j = m-m. A sec-
ond subtractor computes B—j to obtain
i. Thus, the input data symbols s; = j and
s; = j are reconstructed. The arithmetic
units in the coder and decoder can be
configured according to a “pipeline”
dataflow concept, using registers. The cir-

cuits can be designed and constructed

according to well-known methods.

This work was done by Pen-Shu Yeh
of Goddard Space Flight Center. For
further information, write in 36 on the TSP
Request Card.

This invention is owned by NASA, and
a patent application has been filed.
Inquiries concerning nonexclusive or ex-
clusive license for its commercial devel-
opment should be addressed to the
Patent Counsel, Goddard Space Flight
Center [see page 22].

Refer to GSC-13486.

Windowless Airplane With a View

Television would replace windows.
Langley Research Center, Hampton, Virginia

A proposed windowless passenger
airplane would give passengers views
of the outside but would be stronger,
weigh less, and cost less than does
a conventional airplane of equivalent
capacity. The ordinary see-through win-
dows of today’'s commercial aircraft
would be replaced by flat-panel color
television screens connected to out-

ward-looking video cameras in the
fuselage.

Ordinary see-through windows involve
many openings in the fuselage — open-
ings that weaken it and create oppor-
tunities for leakage of air from the cabin.
Seals are needed to prevent leakage,
and the openings around the windows
must be reinforced to neutralize con-

centrations of stresses. Windowed air-
craft are also more difficult to design,
fabricate, and test.

In the windowless airplane, high-res-
olution flat video displays would be
placed at passenger positions thro-
ughout the cabin. They would display
views from any of several cameras
aimed in various directions from the air-

Flat-Screen Video Display
Q (Simulated Window)

Fairing
/

Video Camera Looking
Out of Fairing

Video Cameras and digitizing equipment in an aerodynamic fairing would provide images for artificial windows placed around an air-

craft cabin.
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craft. Without the window openings, it
would be easier to make the fuselage
out of such advanced materials as
metal composites or filament-wound
composites.

Remote-viewing schemes are already
in use in public transportation. Several

airlines have experimented with provid-
ing passengers with television views of
runways during takeoffs and landings.

This work was done by Huey D. Car-
den of Langley Research Center. No
further documentation is available.
LAR-14880

Video Game Adapts to Brain Waves

Children with attention-deficit disorder are trained

to be more attentive.

Langley Research Center, Hampton, Virginia

An electronic training system based
on a video game is being developed to
help children afficted with attention-deficit
disorder (ADD) learn to prolong their
attention spans. (Children who have
ADD are unable to sustain their atten-
tion long enough to do schoolwork or
join in organized play.) This training sys-
tem is an outgrowth of a biocybemetic
system that has been used to assess
the best mixture of automation and
pilot control in a flight-control system —
a mixture that can hold the pilot’s atten-
tion without creating an overload of
tasks. This training system might be
useful in augmenting biofeedback train-
ing for ADD. It would enable trainees
to demonstrate and improve skills
learned in earlier biofeedback training.

This training system uses a combi-
nation of electroencephalography (EEG)
and adaptive control (see figure) to en-
courage attentiveness. The system moni-
tors the trainee’s brain-wave activity:
if the EEG signal indicates that atten-
tion is waning, the system increases
the difficulty of the game, forcing the

trainee to devote more attention to it.

The game is designed to make train-
ees want to win and, in so doing, learn
to pay attention for longer times. It pre-
sents an outer-space battle scenario
in which the player pilots a fighter ship
in an attempt to reach and explode an
enemy base while warding off attacks
from the defenders of the base. The
video screen displays the action in a
window with crosshairs and presents
data on speeds, distances to targets,
and statuses of weapons. The trainee
uses a joystick to aim at and fire upon
targets.

At first, the adaptive control makes
the game virtually impossible to win
because of the overwhelming number
of defenders and their evasive maneu-
vers. However, as the player concen-
trates and focuses attention, the game
is made more manageable. This is
done by programming the number and
movement of targets as a function of a
numerical index, derived from the com-
ponents of the player's EEG signal in
three frequency bands, that increases

Video Game
/ Monitor
d {5
=) Difficulty of Game
oo
I E
O
i
oo
f— | ===
000000000 - —-
e e |
Electroencephalograph Feedback
Interface Circuit Controller

The Difficulty of the Game is adjusted according to the player’s attentiveness: an index
of attentiveness is computed from the player's EEG signals.
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with the degree of the player's mental
engagement.

The player leams that winning is con-
tingent on maintaining attention, even
as the game becomes less compelling.
The attentive state is explained to the
player as a special mental power; that
is, being attentive invokes the power
to win.

The EEG signal is sensed at a sin-

gle scalp site and conditioned by an
inexpensive circuit before it is fed to the
serial port of the game computer. Fre-
quency analysis, computation of the
mental-engagement index, and control
of the game are done by software.
This work was done by Alan T. Pope
of Langley Research Center and
Edward H. Bogart of Lockheed Engi-
neering & Sciences Co. For further

information, write in 12 on the TSP
Request Card.

This invention is owned by NASA,
and a patent application has been filed.
Inquiries concerning nonexclusive or ex-
clusive license for its commercial devel-
opment should be addressed to the
Patent Counsel, Langley Research Cen-
ter [see page 22].

Refer to LAR-15022.

Electronic, Hand-Held, Wireless Text-and-Graphics Viewer
This device would electronically present information in newspaper format.
Langley Research Center, Hampton, Virginia

A proposed electronic, hand-held, wire-
less viewer would present written mate-
rial to the reader in a way that closely
resembles that of paper reading mate-
rial. The viewer would present text and
graphics like those normally found in
books, newspapers, and magazines.
Its hand-held and wireless features
would enable it to be used in positions
and areas where books and magazines
are normally used, thus contributing to
the general acceptance of this device
by the public at large.

The device would consist primarily of
two parts: the receiver/information store
and the viewing screen. The receiver/in-
formation store would receive, decode,
and store text and graphics that would
be transmitted over a television channel
and received through either cable or
an antenna. The viewing screen would
communicate over a wireless channel
(either radio-frequency, ultrasound, or
infrared) with the receiver/information
store. A prime example of the use of
this device would be the viewing of

an “electronic newspaper.” When the
newspaper was ready to “print” its edi-
tion, the material would be transmit-
ted over cable television lines or over
standard broadcast channels. The sub-
scriber’s receiver/information store
would decode and store this transmis-
sion for viewing at the subscriber’'s
convenience.

When a subscriber wished to read
the news, the subscriber would use
the viewer, which would be designed
with a large, clear, liquid-crystal screen.
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Controls along the right side of the
viewer would enable the user to “page”
through the material as though looking
through the pages of a newspaper.
The controls would provide such func-
tions as FIRST, LAST, NEXT, PREVI-
OUS, and a section of indexing keys.
For example, the keys could be used
to “tumn” to section C. The wireless link
would enable the user to take the viewer
to other rooms and read the material
in much the same way as in reading a
piece of paper. The viewer would also
provide animated graphics: this fea-
ture would be of significant interest to
advertisers.

All elements of the technology nec-
essary to construct this device are a-
Iready available. The device would differ
from a conventional laptop computer/
modem combination in that it would be
designed specifically to display text and

graphics in a manner that resembles as
closely as possible the written material
this device is to replace. Entry of data by
the user would be limited to selections
from menus and tables. The re-
ceiver/information store would enable
this device to monitor the information
channels continuously so that no spe-
cial action by the user would be nec-
essary to capture a transmission. The
wireless connection would enable the
viewer to be used in many rooms of the
home or office. This concept of having
nonvolatile local information storage via
the television network appears quite
attractive and should have widespread
application in the future.

This work was done by Daniel L.
Palumbo of Langley Research Center.
No further documentation is available.
LAR-14727
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@ Physical Sciences

Segmentation of Multifrequency Complex-Amplitude SAR Data

Speckle and the grouping of region labels are modeled on physical and

probabilistic bases, respectively.

NASA’s Jet Propulsion Laboratory, Pasadena, California

Several mathematical models and as-
sociated algorithms implement a
method of segmenting a multifrequency,
highly speckled, high-resolution, com-
plex-amplitude (amplitude and phase)
synthetic-aperture-radar (SAR) digitized
image into regions, within each of which
radar backscattering characteristics are
similar or homogeneous from place to
place. Typically, each region represents
a different type of terrain or other sur-
face; e.g., forest, agricultural land, sea
ice, or water.

This method of segmentation of the
SAR scene into regions is a product of
generalization, to the multifrequency
case, of the single-frequency method
described in “Algorithms for Segmen-
tation of Complex-Amplitude SAR Data”
(NPO-18524), NASA Tech Briefs, Vol.
17, No. 6 (June, 1993), page 28. One of
the mathematical models used in that
single-frequency version and in the pre-
sent multifrequency version is that of
speckle, which is a form of noise that
manifests itself in a granular appear-
ance of an SAR image and which
degrades radiometric resolution.
Speckle is caused by interferences
among coherent radar returns from mul-

tiple scatterers within each affected res-
olution element. The mathematical
model of speckle is based on the
physics of the SAR transmitting, receiv-
ing, and return-signal-processing sub-
systems. This model accounts for the
impulse-response function of the syn-
thetic-aperture antenna (as modified in
processing of the return signals to re-
duce sidelobes), the backscattering
characteristics of various targets, and
uncontrolled changes in the aim of the
radar antenna (caused by pitching,
rolling, and yawing of the airplane car-
rying the SAR equipment).

The extension of this model to the
multifrequency case begins with the
observation that the complex-amplitude
SAR data on the same scene imaged
at a second frequency can be treated as
mathematically independent of the
corresponding data on the same scene
imaged at a first frequency because the
two sets of data represent independent
realizations of speckle. Therefore, the
joint probability distribution function of
the complex amplitudes of a set of
neighboring picture elements in the SAR
image at the two frequencies is the
product of the joint probability distribu-

tion function of the complex amplitudes
for the first frequency and that for the
second frequency. The joint probability
distribution functions include de-
terminants of correlation matrices that
are derived from the physical models of
speckle at the two frequencies.

As in the prior single-frequency ver-
sion of the method, the model of
speckle is combined with a Markov-ran-
dom-field probabilistic model of the dis-
tribution of region labels across the
scene by use of Bayes’ rule. In the com-
bination model, each group of neigh-
boring picture elements for which joint
probability distributions are computed
constitute a region to which a label is
assigned, and the conditional probabil-
ity distribution of region labels is pro-
portional to the product of the joint prob-
ability distributions for the two
frequencies. Also as in the prior single-
frequency version of the method, a
nearly optimal labeling of regions can
then be obtained by either of two algo-
rithms: the iterative conditional modes
(ICM) algorithm, which optimizes the
reconstruction of the underlying scene;
or the maximum posterior marginal
(MPM) algorithm, which maximizes the

L-BAND, HORIZONTAL POLARIZATION

C-BAND, VERTICAL POLARIZATION

ICM CLASSIFICATION MAP

Ice on the Beaufort Sea was detected by SAR in horizontal transmitting and receiving polarizations at L-band and in vertical transmit-
ting and receiving polarizations at C-band. Brightness in the L-band and C-band images represents the logarithm of the magnitude of the
comples SAR amplitude. The ICM classification map produced from the complex-amplitude SAR data contains three classes or region
types. In order of decreasing brightness, they represent ridges, multiyear ice, and first-year ice, respectively.
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expected number of correctly classified
picture elements. The figure presents
an example of a classification map
obtained by use of the ICM algorithm.

This work was done by Eric J. Rig-
not and Ramalingam Chellappa of Cal-
tech for NASA’s Jet Propulsion Lab-
oratory. For further information, write

NPO-18516

in 80 on the TSP Request Card.

Improved Bubble-Point Test
Sizes of pores in filters are determined more accurately.
John F. Kennedy Space Center, Florida

An improved bubble-point test has
been devised for large pleated filter ele-
ments. (In a bubble-point test, one
measures the pressure needed to bub-
ble air or another gas through a wet fil-
ter element, then infers the size of the
largest pore in the filter element from
the known relationship between the sur-
face tension of the wetting liquid, the
size of the pore, and the pressure
needed to overcome the capillary force
created by the surface tension.) The
improved bubble-point test method
replaces an older test that was accurate
for pore sizes of 20 microns or less, but
was subject to gross inaccuracy for fil-
ter elements with pores of 70 microns
or larger. For example, the older test
applied to one large diameter (30 cm)
175-micron filter element yielded a pore-
size value of only 21 microns.

In the improved test (see figure), the fil-
ter element to be tested is firstimmersed
in a liquid in a test tank and becomes
totally wetted. A clear plastic disk, on
which a depth scale has been scribed,
is placed on one end of the filter element.
A tube from a pressurized air supply is
connected to a small central hole at the
other end of the filter element.

The filter element is gradually pressur-
ized with air until a stream of bubbles just
begins to emerge from its pores (the bub-
ble point). At this moment, the height of
the air pocket within the filter element is
read from the scale on the plastic disk.
This height is proportional to the bubble-
point pressure. Then the measured height
of the air pocket multiplied by the speci-
fic gravity of the test fluid results in stand-
ard bubble-point pressure. Pore size can
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then be computed by dividing the re-
sultant standard bubble-point pressure
into the bubble-point constant published
for the particular type of filter under test.

Unlike in the older test, no measure-
ment of pressure is necessary. Thus, one
avoids errors that could be caused by lig-
uid in pressurizing and/or pressure-mea-
suring probe tubes. Also unlike in the older
test, there is no need to estimate the aver-
age depth of the filter-element pleats
below the surface of the liquid.

This test can also be carried out as a
go/no-go inspection: The immersed fil-

ter element is pressurized to form a
pocket of air of a specific depth. The fil-
ter element is then rotated 360° about its
axis in the liquid. If no bubbles appear,
then the filter element is deemed to have
pores no larger than the size associated
with the bubble-point pressure at the
preset depth.

This work was done by Peter J. Welch
and Russell E. Rhodes of Kennedy
Space Center and Robert Aman and
Zoltan Nagy of Witech Inc. For further in-
formation, write in 62 on the TSP
Request Card. KSC-11512

Using Distributed Targets To Determine SAR Antenna Patterns
Computations include subtraction of noise, a test for uniformity, and a least-squares estimate.
NASA's Jet Propulsion Laboratory, Pasadena, California

An improved method of determining
the radiation pattern of a synthetic-aper-
ture radar (SAR) antenna with respect to
the elevation-angle coordinate (angle of

54

roll about the flight path) has been
devised. The essence of the method is
to solve the radar equation in such a way
as to enable the extraction of the antenna

pattern from SAR images of uniform
distributed targets. Such a method of
determining the radiation pattern from
in-flight measurements is needed
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because electromagnetic interactions
between the antenna and the aircraft or
spacecraft surface on which it is installed,
plus deformations of the antenna during
installation and flight, can alter the radi-
ation pattern; that is to say, the radiation
pattern in flight can differ from that
observed in a laboratory test of the
antenna.

With respect to SAR targets distribut-
ed over a given area, “uniform” here
means that the coefficients of backscat-
tering by the targets are either indepen-
dent of angle of incidence or else vary in
a known way as a function of this angle;
by extension, “uniform” also means that
every SAR image datum within the given
area is distributed statistically according
to the same specific distribution func-
tion. The first step of the method is to
divide an SAR image of interest into small
cells and to analyze the image textures
in the cells by use of a ¢2 similarity test.
Only those cells found to be uniform by
this test are retained; those found to be
nonuniform are excluded from the sub-
sequent computations.

The second step of the method is to
subtract the estimated noise from the
image data in the solution of the radar
equation. The third step is to estimate
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the antenna pattern stochastically as
the solution of a maximum-likelihood
estimation problem; essentially, this
involves an iterative least-squares esti-
mation procedure.

The method was tested by applying it
to selected SAR images from the Space-
borne Imaging Radar B (SIR-B) mission,
including tropical and arboreal forests
and temporate-zone farmland. The best

35
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fit for the estimated antenna gain as a
function of angle was obtained with data
from the Amazon rain forest (see figure).
This work was done by Anthony Free-
man of Caltech for NASA’s Jet Propul-
sion Laboratory. For further informa-
tion, write in70 on the TSP Request
Card.
NPO-18744
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‘ Materials

Synthesis of Benzoxazole Monomers and Polymers

Di (hydroxyphenyl)benzoxazoles were synthesized and then polymerized

with aromatic dihalides.

Langley Research Center, Hampton, Virginia

Di(hydroxyphenyl)benzoxazole mon-
omers have been synthesized by the
condensation reaction of phenyl-4-
hydroxybenzoate with aromatic bis(o-
aminophenol)s. The monomers were
then polymerized by nucleophilic-dis-
placement reactions between them
and activated aromatic dihalides to
produce new polybenzoxazoles. In
comparison with previous routes to the
synthesis of polybenzoxazoles, this one
is simpler and more economical. The
new polybenzoxazoles may prove use-
ful as adhesives, coatings, fims, mem-
branes, molding compounds, and
composite matrices.

The inherent viscosities of the newly
synthesized polybenzoxazoles ranged
from 0.25 to 1.04 dL/g, and the glass-
transition temperatures ranged from 214
to 285°C Differential scanning calorime-
try revealed that several of the polymers
have crystalline melting temperatures that
range from 373 to 446 °C. Thermogra-
vimetric analysis of these polymers at a
heating rate of 2.5°C/min showed no
loss of weight below 300 °C in air or ni-
trogen, and a 5-percent loss of weight
at about 485°C in air, and at about
500°C in nitrogen.

As indicated schematically in the up-
per part of the figure, 1 mole of each
monomer is prepared by reacting 2
moles of phenyl-4-hydroxybenzoate with
1 mole of a specific aromatic bis(o-
aminophenol) while heating the reac-
tion mixture in a nitrogen atmosphere.
The products of the reaction are water,
phenol, and the monomer.

The lower part of the figure schemati-
cally illustrates the nucleophilic-displace-
ment reaction in which polybenzoxazoles
are produced from the monomers. The
best results are obtained when the leav-
ing group (Y) is F or Cl, although the
leaving group can also be NO,. The
most effective solvent for this reaction
is either N,N-dimethylacetamide or
diphenylsulfone, although one could use
any other polar aprotic solvents such
as N-methylpyrrolidinone, sulfolane, N-
cyclohexylpyrrolidinone, or dimethylsul-
foxide. The alkali-metal base can be
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Di(hydroxyphenyl)benzoxazoles were synthesized in reactions like the one shown at the
top, then polymerized in reactions like the one shown at the bottom.

potassium carbonate, sodium carbon-
ate, potassium hydroxide, or sodium
hydroxide. Especially good results are
obtained if Z is either nothing or
C(CFy), and if X is among the groups
specifically indicated in the figure.

This work was done by Paul M. Her-
genrother and John W. Connell of Lan-
gley Research Center and Joseph G.
Smith, Jr., of the University of Akron. For

further information, write in 65 on the
TSP Request Card.

This invention is owned by NASA,
and a patent application has been filed.
Inquiries concerning nonexclusive or ex-
clusive license for its commercial devel-
opment should be addressed to the
Patent Counsel, Langley Research Cen-
ter [see page 22].

Refer to LAR-14606.
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Metal-lon Additives Reduce Thermal Expansion of Polyimides
Reductions range from 11 to over 100 percent.
Langley Research Center, Hampton, Virginia

Polyimides have become widely used
as high-performance polymers because
of their excellent thermal stability and
toughness. However, their coefficients of
thermal expansion (CTE’s) are greater
than those of metals, ceramics, and
glasses. Decreasing the CTE's of poly-
imides would increase their usefulness
for aerospace and electronic applica-
tions in which dimensional stability is
required. Accordingly, research was
performed at NASA Langley Research
Center to develop polyimides that have
low CTE’s.

The CTE'’s of conventional polyimides
range from 30 to 60 parts per million
(ppm)/C. Heretofore, lower CTE's were
obtained by linearizing polymer molecular
structures or by use of controlled ori-
entations of molecules in polyimide films.
In this research, the CTE’s of polyimide
flms and coatings have been lowered
by the incorporation of additives that
contain metal ions.

The preparation of a polyimide film
or coating material that contains metal
ions involves the addition of an additive
that contains metal ions to either (1) a
polyamic acid resin prepared by the
room-temperature reaction, in a solvent,
of an aromatic diamine with an aromatic
dianhydride or (2) a solution of a soluble
polyimide. The additive that contains
metal ions can be added immediately
following the addition of the dianhy-
dride or after the polymerization of the
polyamic acid is complete.

The following additives that contain
metal ions were used in this research:

¢ The chlorides of the following lan-

thanides: terbium (TbClg), dysprosium

(DyClg), erbium (ErClg), and thulium

(TmClg).

e Other compounds that contain

lanthanide metals, including holmium

acetate [Ho(OOCCHg)a], erbium N-

phenylphthalamate [Er(nppa)s], and

erbium acetylacetonate [Er(C5H700)3
or Er(acac)g).

* Other metal-ion-containing additives

that resulted in reduced CTE's, includ-

ing tin chloride (SnCls) and aluminum

acetylacetonate [Al(CsH700)3].
Successful results were obtained with
additives in the concentration range of
4 to 30 weight percent.

The incorporation of metal ions re-
sulted in reductions in the CTE's of the
polyimides, ranging from 11.8 percent
with the addition of DyCl3 to over 100
percent with the addition of TmCl3

NASA Tech Briefs, April 1994

Additives
. i | Percent of Coefficient of
Polyimide Additive Additive Thermal Expansion, That .
opm/°C Contain
Metal lons
Made from ‘ reduce the
polyamic acid None ‘ None ‘ 35.7 coefficients
resin prepared TbClg | 113 [ 20.5 of thermal
by reaction of [ DyClg ‘ 11.4 ‘ 31.5 expansion
diamine and ‘ ErCly \ 1ne | 18.2 of
dianhydride ‘ TmCly S el 234 polyimides.
| | |
Commercial None ‘ None ‘ 50.7
soluble ‘ Ho (OOCCHg)3 134 389
polyimide ‘ Er (nppa)3 ‘ 28.6 31.6
powder ‘ Er (acac)g l 17.3 264
| Al |

(resulting in a negative CTE). Actual val-
ues are shown in the table. It is antici-
pated that these low-CTE polyimides
will prove useful as film and coating
materials for both industrial and aero-
space applications in which dimension-
al stability, mechanical strength, and
thermal stability are required.

This work was done by Diane M.
Stoakley, Anne K. St. Clair, Burt R.
Emerson, Jr., and George L. Willis of

Langley Research Center. For fur-
ther information, write in 95 on the
TSP Request Card.

This invention is owned by NASA,
and a patent application has been filed.
Inquiries concerning nonexclusive or ex-
clusive license for its commercial de-
velopment should be addressed to the
Patent Counsel, Langley Research Cen-
ter [see page 22].

Refer to LAR-14538.
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@I Computer Programs

ordering information for available software.

COSMIC: Transferring NASA Software

COSMIC, NASA'S Computer Software Management and Information Center, distributes software developed with
NASA funding to industry, other govemment 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, write in the appropriate TSP number.

If you don't find a program in this issue that meets your needs, call COSMIC directly for a free review of programs
in your area of interest. You can also purchase the annual COSMIC Software Catalog,containing descriptions and

COSMIC is part of NASA's Technology Transfer Network.

COSMIC® — John A Gibson, Director,

Phone (708) 542-3285; FAX (706) 542-4807
The University of Georgia, 382 East Broad Street,
Athens, Georgia 30602

’ Physical Sciences

Modified SEAGULL

This program analyzes
two-dimensional, hypersonic
flows of real gases.

The SEAGULL computer program was
originally developed to model internal and
external inviscid, perfect-gas supersonic
flow fields. Utilizing a floating shock-fitting

technique, it gives a quick and accurate
evaluation of flow-field geometries to
determine performances of supersonic
inlets and nozzles to first order.

The original version of this program
was incorporated into the program
SRGULL (LEW-15093) for use on the
National Aero-Space Plane project, its
duty being to model the forebody, inlet,
and nozzle portions of the vehicle. How-
ever, the real-gas chemistry effects in
hypersonic flow fields limited the accuracy
of that version, because it assumed per-
fect-gas properties. Particularly, the noz-
zle calculations were constrained, inas-

R T T T s i S
Computer Programs

These programs may be obtained at a very
reasonable cost from COSMIC, a facility
sponsored by NASA to make computer pro-
grams available to the public. For informa-
tion on program price, size, and availability,
write in the reference number on the TSP
and COSMIC Request Card in this issue.
L L e S T O ST I ———

much as the program was unable to
account for those variations in proper-
ties of flows that are attributable to the
presence of products of the combustion
of hydrogen.

As a result, SEAGULL has been modi-
fied according to a real-gas equilibrium-
chemistry methodology. The governing
equations have been modified to incor-
porate real-gas equilibrium variations of
specific heat and molecular weight in
the flow field. Also, new shock and
expansion routines have been incorpo-
rated to account for changes in the
affected properties of gases encoun-
tered. Finally, a chemistry routine has
been added to provide properties of air
as well as to account for products of
the combustion of hydrogen. This mod-
ified version of SEAGULL maintains as
much of the original program as possi-
ble, and it retains the ability to execute
the original perfect-gas version.

Dlzlziel Dom. =3 [Com (s

The leader in technical publication and presentation.

SigmalPlok

is now on Windows'!

Truly designed for scientists

Unlike business graphics packages,
SigmaPlot was designed by scientists
specifically for publication and pre-
sentation. SigmaPlot's

The product scientists
use more than any
other to prepare their

graphs for publication.

numerous scientific options

such as error bars, regression

lines, full transform language,
and non-linear curve fitting are “up-
front” and easy to find, not obscured
by business-oriented options.

Now on Windows

Cut and paste or embed graph objects
directly into your word processor to
save time and file importing frustra-
tion. View multiple graphics pages
and data worksheets simultaneously.
Invoke commands quickly from the
new toolbar and toolbox.

In Eurape: Jandel Scientific, Schimmelbuschstrasse 25, 40699 Erkrath, Germany 02104/36098 02104/33110 (FAX) For international dealers call: Australia 2 958 2688
Belgium 0106 11628, Canada 519 767 1061, France 146 97 21 65, Italy 027 202 1937, Japan 3 3590 2311, Switzerland 61712 16 16, Taiwan 2 785 3202, UK 582 502 388
© 1993, Jandel Corp. All companies and/or product names are trademarks of their respective companies.

Customize your graphs

SigmaPlot offers you the flexibility
and control to customize your
graphs down to the last detail. You
can choose from a full range of plot
types, technical axis scales, symbol
sizes, and even modify details
down to error bar cap size and tick
mark length.

Join over 45,000 scientists who have
used SigmaPlot to help publish
papers in hundreds of technical
journals.

Call for a free
Iande1 brochure:
800-874-1888

2591 Kerner Blvd., San Rafael, CA 94901
415-453-6700 FAX 415-453-7769

58

For More Information Write In No. 416

NASA Tech Briefs, April 1994



SEAGULL is written in FORTRAN 77
and can operate on IBM PC series com-
puters or compatibles running MS-DOS
2.1 or higher. The executable code includ-
ed on the distribution medium was cre-
ated with the IBM FORTRAN/2 compiler
and requires a math coprocessor and
236K of main memory. The source code
has been successfully compiled by use
of Lahey FORTRAN. The program source
code and executable code are com-
pressed by use of the PKWARE archiv-
ing tools. The utility to unarchive the files,
PKUNZIP.EXE, is included. SEAGULL
was developed in 1990.

IBM PC is a registered trademark of
International Business Machines Corp.
MS-DOS is a registered trademark of
Microsoft Corp. Lahey is a registered
trademark of Lahey Computer Sys-
tems, Inc.

This program was written by M. D.
Salas of Langley Research Center and
was modified by M. S. Kuehn of Pro-
pulsion Research and Simulation for
Lewis Research Center. For further in-
formation, write in 15 on the TSP
Request Card.

LEW-15326

Computing Thermody-
namic and Transport
Properties of Air
EQAIRS computes
properties from an
11-species, curve-fit
mathematical model.

The EQAIRS computer program is a
set of FORTRAN 77 routines for comput-
ing the thermodynamic and transport
properties of equilibrium air for temper-
atures from 100 to 30,000 K. EQAIRS
computes these properties at pressures
from 104 to 102 atm (about 10 Pa to
10 MPa). The properties computed
include enthalpy, total specific heat,
compressibility factor, viscosity, and the
total values of thermal conductivity and
Prandtl number.

The various properties are calculated
through the use of temperature-depend-
ent curve fits for the pressure range men-
tioned above. The curve fits are based on
mixture values calculated from an 11-
species mathematical model of air. Those
properties of individual species that are
used in computing the properties of the
mixture were obtained from a recent
study by the authors of the program. It is
desirable to compute these properties
of equilibrium air by curve fits rather than
to use tabulated values because curve
fits generally enable more-efficient com-

NASA Tech Briefs, April 1994

putation for analyses of flow fields. In ad-
dition, for accurate calculations, it is pre-
ferable that the thermodynamic and trans-
port properties be computed in a
self-consistent manner from the same
set of data as in the present case.

The EQAIRS routines were written in
the form of FORTRAN subroutines for
easy adaptation to existing programs. The
subroutines are commented and can be
easily modified to suit the user’s needs.
In an attempt to maintain generality, a

total of six separate subroutines are avail-
able for use: (1) ENTHLPY (specific en-
thalpy); (2) SPECIFC (total specific heat
at constant pressure); (3) COMPRES
(compressibility factor); (4) VISCSTY (vis-
cosity); (5) CONDUCT (total thermal con-
ductivity; and (6) PRANDTL (total Prandtl
number).

EQAIRS has been successfully imple-
mented on a DEC VAX-series computer
running VMS, a Sun4-series computer
running SunOS, and an IBM PC-com-

For More Information Write In No. 409
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patible computer running MS-DOS. Sam-
ple input/output and a sample driver pro-
gram are provided. The standard distri-
bution medium for EQAIRS is one 5.25-in.
(18.34-cm), 360K diskette in MS-DOS for-
mat. This program is also available on a
0.25-in. (6.35-mm) streaming-magnetic-
tape cartridge in UNIX tar format. EQAIRS
was developed in 1991.

This program was written by Richard
A. Thompson and Roop N. Gupta of
Langley Research Center and Kam-
Pui Lee of Vigyan, Inc. For further infor-
mation, write in 66 on the TSP Request
Card.
LAR-14760

ﬁ Machinery
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at the minimum weight for the desired
engine performance. This estimation
process not only requires the engineer to
be knowledgeable about the major di-
mensions of nuclear rocket engines, but
also demands familiarity with the weight
characteristics of such engines. NOP is a
versatile digital-computer program de-
veloped for the parametric analysis of
beryllium-reflected, graphite-moderated
nuclear rocket engines. The program fa-
cilitates the analysis of the performance
of an engine with respect to such con-
siderations as specific impulse, engine
power, type of engine cycle, and engine-
design constraints that arise from com-
plications of fuel loading and internal gra-
dients of temperature.

NOP examines the effects of the prin-
cipal engine variables and design con-
straints on the weight or thrust-to-weight
ratio of an engine. The program can an-
alyze the effect of specific impulse, en-
gine power or thrust, nozzle-expansion
ratio, nozzle-chamber pressure, pressure
drop in the core, and diameter of coolant
channels on the weight of a nuclear rocket
engine. In addition, NOP analyzes an
engine that operates on either a hot-bleed
cycle, a full topping cycle, or a partial top-
ping cycle. In addition to predicting the
minimum weight, NOP produces a variety
of preliminary engine designs that readily
indicate the weight penalties associated
with nonminimum-weight engine designs.

NOP was originally written in FORTRAN
and was recently updated to FORTRAN
77 to be machine-independent. It has
been successfully implemented on a Sun
computer running SunOS, an IBM PC run-
ning MS-DOS, and a DEC VAX computer
running VMS. It required 95K of random-
access memory under SunOS 4.1.1, 163K
of random-access memory under MS-DOS
5.0, and 368K of random-access mem-
ory under VMS 5-4.3. A sample MS-DOS
executable code is provided on the dis-
tribution medium. The standard distribu-
tion medium for NOP is a set of two 5.25-
in. (13.34-cm), 360K diskettes in MS-DOS
format. It is also available on a 3.5-in.
(8.89-cm) diskette in UNIX tar format. The
program was developed in 1965.

SunOS is a trademark of Sun Micro-
systems, Inc. IBM PC is a trademark of
International Business Machines Corp.
DEC VAX and VMS are trademarks of Dig-
ital Equipment Corp. MS-DOS is a regis-
tered trademark of Microsoft Corp. UNIX
is a trademark of Bell Laboratories.

This program was originally written by
R. K. Plebuch, J. K. McDougall, and F.
Ridolphi of TRW, Inc., for Lewis Re-
search Center. /t was updated to FOR-
TRAN 77 by James T. Walton. For further
information, write in 56 on the TSP Re-
quest Card. LEW-15474
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A puller handle also serves as a retaining spring.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

A mechanism holds retaining pins in
place except when it is actuated to re-
lease the pins quickly. The mechanism
is an integral part of a cover that is de-
signed to be removed with a simple
downward motion of a hand. Before
removal, the mechanism secures the
cover in place. After removal, the
mechanism holds the retaining pins for
reuse.

The mechanism includes a U-shaped

. Cam Slot_
' (One of Two)

Jﬁ

1
HANDLE SECURED IN LOCKING
SLOT IN COVER

LEVER ARMS TURNED DOWNWARD

handle device with two lever arms at-
tached to the retaining pins. The lever
arms ride in cam slots (see figure). In the
closed position, the spring force of the
arm holds the pins in holes in the
object to which the cover is attached. To
remove the cover, the handle is grasped
and pulled downward. This action
rotates the lever arms, moving them
along the cam slots. This motion caus-
es the pin ends of the arms to spread

2
HANDLE TURNED TO RELEASE
IT FROM LOCKING SLOT

U

apart, thereby pulling the retaining pins
out of their holes. With further rotation,
the cover falls away from the object to
which it was attached.

This work was done by Malcolm
MacMartin of Caltech for NASA’s Jet
Propulsion Laboratory. For further in-
formation, write in 92 on the TSP Re-
quest Card.

NPO-18788

COVER RELEASED
|
NIRRT S

The Handle Is Pulled Downward, causing the lever arms to move in the cam slots. This movement forces the ends of the lever arms

outward, and the pins are thereby extracted.

NASA Tech Briefs, April 1994
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Pin-Retraction Mechanism on Quick-Release Cover
The cover is pivoted until its hinge pins are withdrawn.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

A quick-release cover includes a pin-
retraction mechanism that releases the
cover quickly from the lower of two sets
of pin connections that hold the cover.
These lower pins are parts of hinges. As
the upper end of the cover is rotated
away from the object to which the cover
is attached, the lower pins automatical-
ly disengage from the receptacles on the
object. The entire release operation can
be done with a thickly gloved hand in a
continuous motion.

While the cover remains closed and
attached to the object, the pins extend
into receptacles in the object, securing
the corners of the cover. The cover is
released at the top by pulling a lever as
described in the preceding article, “Le-
ver-Arm Pin Puller” (NPO-18788). The
cover is then free to pivot on the lower
pins (see figure). The pivoting of the cover
causes a tab on the end of each lower
pin to rotate to a slot in its receptacle.
Springs pull the tabs out through the slots,
thereby withdrawing the pins from the
receptacles and freeing the cover.

After release, the cover retains the pins.
To reattach the cover, a technician simply
pushes the lower hinge pins through the
slots into their receptacles, then rotates
the cover upward so that the springs once
again preload the pins. Mechanisms like
this one could be used on cabinet doors.
A door could be swung downward or
sideways and then detached to give eas-
ier access to the cabinet.

This work was done by Malcolm Mac-
Martin of Caltech for NASA’s Jet Propul-
sion Laboratory. For further information,
write in 84 on the TSP Request Card.
NPO-18787

Removal of the Cover begins when a
technician or robot pulls the upper-pin-
release lever. The cover swings down-
ward until tabs on the lower pins are
pulled through slots in their receptacles.
The lower pins are then free.

Upper
Pin

Upper
Pin-Release
Lever

Receptacle
(Part of Hinge)

Lower Pin

Final
Removal

COVER RETAINED BY UPPER AND LOWER PINS

Lower

Pin
Retracted
;
- //

COVER FREED FOR REMOVAL

-

Ultrasonic Inspection of Composite-Material Paraboloid

The position and orientation of the transducer are adjusted continuously to maintain normal incidence.
Goddard Space Flight Center, Greenbelt, Maryland

An ultrasonic imaging system that can
scan three-dimensional curved surfaces
is being developed. In the original intend-
ed application, the system is to be used
to determine the integrity of a compos-

62

ite-material paraboloidal reflector and its
supporting structure. The system could
also be used to inspect composite-mate-
rial structures with curved surfaces other
than paraboloids, provided that the sur-

faces can be described by mathemati-
cal functions.

In ultrasonic imaging to detect subsur-
face flaws, a specimen is mechanically
scanned point by point. The scan plan
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is straightforward in two-dimensional
scanning of a flat specimen: the ultra-
sonic transducer is moved in two per-
pendicular directions in a plane parallel to
the surface of the specimen while it is
held a constant distance from the spec-
imen. However, in three-dimensional
scanning of a curved specimen, the posi-
tion of the transducer must be varied in
as many as three dimensions relative to
the surface while keeping the transduc-
er aimed along a line perpendicular to
the surface at the scanned spot.

In the developmental system, the para-
boloid to be scanned is mounted, with its
axis vertical, in a tank of water on a rotary
table on a horizontal (x-y) translation
table. The ultrasonic probe is mounted
on a gimbaled manipulator on a vertical
(z-axis) translation stage. A computer

that controls the system uses the equa-
tion that describes the paraboloidal sur-
face to calculate the z distance between
the transducer gimbal and the vertex of
the parabola, the angle off vertical at
which the probe must be oriented for
normal incidence on the paraboloidal
surface, and the distance from the trans-
ducer to the paraboloid surface, each as
a function of the distance of the scanned
spot from the z axis. The transducer
scans the mirror as the rotary table tumns.
The system thus generates an ultrason-
ic-C-scan image of the paraboloidal
reflector structure.

This work was done by E. James
Chern of Goddard Space Flight Cen-
ter. For further information, write in 43
on the TSP Request Card.

GSC-13557

Twisted Vanes Would Enhance
Fuel/Air Mixing in Turbines

Paint sprayers could also operate with better atomization at

lower pressures.

Lewis Research Center, Cleveland, Ohio

Computations of flow have shown that
the performance of a high-shear airblast
fuel 