


Lab Win dows/C V/ 

W 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. 

N/-VX/TM 

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 
LabVlEW, 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. 

~
I NATIONAL Call for FREE Demo Software 

INSTRUMENTS® (800) 433-3488 
~ The Software is tbe Instrllmenl S (U.S. and Canada) 

6504 Bridge POint Parkway . Austin, TX 78730-5039 • Tel: (5 12) 794-0100 • 95 (800) 010 0793 (Mexico) • Fax: (51 2) 794-841 1 
Branch Offices: AustraUa 03 879 9422 · Austria 0662435986 · Belgium 02 757 00 20 · Canada 519 622 9310 · Denmark 45 76 26 00 · Anlond 90 5272321 • France I 4865 3370 . Gennany 08971450 93 

Italy 0248301892 - Japon 03 3788 1921 - Netherlands 01 720 45761 - Norway 32 848400 - Spain 91 6400085 - Sweden 08 730 4970 - Switzerland 056 27 00 20 - U.K. 0635 523545 

o Copyright 1993 National Instruments Corporation. AU rights reserved. Produd and comlXlJlY names listed are trademarks or trode names of their respective companjes. 

For More Inform.tion Write In No_ 628 





DESKTOP 
MANUFACTURING ••. 

We are the leading supplier of sealed CO2 lasers to manufac­
turers of "desktop" or fUlly automatic laser processing equipment, 
covering a power range trom 7 to 200 Watts. We manufacture 
more CO2 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 CO2 laser on the same 
workstation. A PC generated CAD file addresses the laser beam in 
intensity 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 0:r 
Watt, while a gas life of 20,000 "on" hours assures years of 
reliable service. 

Our International Representatives 
Australia: 61-3-761 -5200. Belgium & luxembourg: 32-71 488448. Canada: 514-331·3202. 

Chino: 86-1-5002255 x 4350. Czechoslovakia, Hungary, Poland, Siovok 
Republics: 49 89 1560 II. Denmork:45-39-40-60-44. France & Switzerland: 
33-1 -60-79-59-51 . Germany, Austria, Switzerland: 49-89·890 1350. 
Greece:30-3'-204550. /srael:972-9-57411' . )apon:81 -3-3758-1111. 
Koreo:82-2-753-3108. The Netherlands: 31 · 1720-31234. 
Poland: 48-224-318-02. Singapore: 65-382-2633. 
South Africa: 27- 12-86· 11 00/ 8088/ 8052. Spoin: 34· 1-5 19-0 1-65. 
Sweden & Norway: 46·8-75691 90. Turkey: 901 -516-22- 17. 
United Kingdom: 44-908· 22/123. 

Our sealed C02 lasers 
help make it possible 

If you are interested in putting the extreme productivity of 
sealed CO2 lasers to 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 installations: 
COLOR MARKING OF ALUMINUM. CUTTING. DRILUNG • ENGRAVING 
• ELEGRONIC COMPONENT MARKING • GASKET MANUFACTURING • 
GLASS PROCESSING • HEAT SEAUNG • MODEL MAKING • MOLD TRIM­
MING • PERFORATING • PLASTIC PARTS • POLYMERIZING • RESISTOR 
TRIMMING • SCRIBING • SIGN MAKING • SAIL CUTTING • SOLDERING 
• TEXTILE CUTTING. WATERMARK SENSING. WELDING. WIRE STRIP­
PING • 3D UTHOGRAPHY 

11816 North Creek Parkway N. 
Bothell, Washington 9801 1-8205 
(206) 483-6100 Fax (206) 485-4882 
l-800-SYNRAD-1 (1-800-796-7231) 

For More Information Write In No. 680 



if 
You're CRAZY 
About Statistics: 

The more you know about statistics, 
the more you'Ulove 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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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 4:)1993 Zift·Davis Publishing Company, L.P. O1her 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 2861640K machines also available. Authorized international 
dealers: Australia (03)886 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)17601 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. 
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Mathematica 

Tec~s!ng Another 
Rlcal Software? 

Call Now For 0 . sp . ur 
ee,s' Trade-up n.. 1-800-44 urrer 

I-MATH, eXf.l04 

RUNNING INTO A WALL 

WITH YOUR OTHER SOFTWARE? 

' .• U 4 .. -
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-

Engineers and scientists 
with o ther 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. 

':~~Ij~3i~~~~~~s.1 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. 

t 

Only Mathematica notebooks enable users to create interactive documents 
Mat h e ma tic a e a s il y gets combinmg text. live formulas. and graphics that can be modified within 

you through the every- the document 

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. 

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 Infonnation Write In No. 623 

To get the II1test information call: 

1-BOO-441-MATH 
(u.s. Canada) 

Wolfram Research 
Wolfram Research. lnc. 
t 1-217-3!IHl7OO; fax: t 1-217-396{J747; email; infoCwn.COOl 

fur European Inquines 
Wolfram Research Europe Ud. 
t44-10)993-8ll34OO; fax: t44-10)993-883!lXJ; email: info-wroCwri_COOl 

Representatives in CNe! II aultries; contact mom office. 
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Coding for Compression of Low­
Entropy Data 
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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 yel/ow. 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: 
Drives can 
operate in­
dependently. 

Cascade: 
Data automatically writes 
to the second tape when 
the first tape is full. 

Mirroring: 
Writes the same data 
to both tapes 
simultaneously. 

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

> Wri te-Mirrored BOT 10.2 COI'lP > Wri te-Mirrored BOT 10.2 C 
25, 480 ~lB ReMaining 1100 KB/S 00.3 % ECC ,488 MB ReMaining 1100 K8/S 00.3 % E 

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. 

El -
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 ----------
Alliant Convergent DEC Unibus IBM S/38 NeXT Pertee STC 
Alpha Micro DataGeneral Gould/Encore ICL Novell · PICK Stratus 
Altos DEC SCSI HP Intergraph OS/2 Plexus Sun 
Apollo DEC BI·Bus IBM AS/400 MaCintosh PS/2 Prime Texas 
Arix DEC DSSI IBM Mainframe McDonnell Parallel Port Pyramid Instruments 
AT&T DEC HSC IBMRISCI Douglas PC 386/ix Sequent Unlsys 
Basic·4 DECQ·Bus 6000 Motorola PC MS-DOS Silicon Ultimate 
Concurrent DEC TUITA81 IBM RT NCR PC XenixiUnix GraphICS Wang-and more 

Rock Landing Corporate Center ' 11846 Rock landIng · 

I CY-ASP/S I ...., 
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 
CON T E M P 0 R A R Y 

CYBERNETIa 
For More Informlltlon Writ. 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 IIBrickll 
Solid FEA Mesh Generator - Hexagen™ 

• Fast 

• Easy-to-Use 

• More accurately 
models parts 

• 8-Node "Bricks" 
are the Most Accurate 
Elements 

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

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

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

• Available for Linear 
or Non Ii near Stress, 
Heat Transfer and a Wide 
Variety of Dynamic 
(Vibration) Analyses 

• Design Modeling 
With 
Engineering Precision 

Accurate FEA and design modeling. 
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. 

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 Infonnatlon Write In No. 564 

When the Engineering 
Has to be RightTM 

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 

- SIMULAT I ON _ C 3 1 - SURVEILLANCE 
- INTERACTIVE VIDEO DISC T RAINING 
- ROBOTICS - INDUSTR I AL CONTROL 

Scan converters 

Real-time video 
& FUR 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 

SPECTRUM® 

950 Marina Village Parkway Alameda, CA 94501 
Tel: (510) 814-7000 Fax: (51 0) 814-7026 

For More Informat ion Write In No. 401 
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The Apple Report 
OnPowerPC 

NUMBER 3 - POWER MACINTOSH FOR TECHNICAL USERS 

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. 

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 

(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 
developers have begun the move to PowerPC. 

Get more done, faster. 
increase dramatically, while prices remain There are immediate benefits to running native applica-

the same - or even drop. And if you're an engi- tions on a Power Macintosh computer: You spend less time 
nee~ architect or other power user working with large, complex waiting for the computer to complete complex tasks. So you can 
files, you can also expect to see Significant r----~----__, do more work in less time. 
increases in productivity. What abaul so/lware? This is especially significant for appli-

For the first time, a personal computer A Power Macintosh will rtm virtually cations that require a lot of processing 
all of your existing Macintosh S)~Iem-

can offer you the kind of power that was pre- based programs. 7'be real benefit of power - CAD programs and programs that 
viously available only in high-performance, a Macintosh wilb PowerPC technology, perform floating-point mathematical calcu-

bowever, will be with applicalions 
high-cost workstations. optimized 10 lake advanlage of Ihe lations, for instance - as well as for larger or 

.............. ..... .... ...... .... ...... new chip's advanced capabilities. more complex files. 

More comp~ti~~.~ p.e.r~o~~l .~o.!Ilp.~ters. ca~:sa::as:a,,: :~~:~::~~~ Developers will also be exploring new 
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, tllanks 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. 

beoutjnlbe1U!XIfew 1Ilonlhs. features in areas such as intelligent help, 3-D 
Aix/cus 
Sit/tview 
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Sketch! 
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Vel/um 
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forrn·Z 

Electric Image 
Electriclmage 
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GrapbiSofl 
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Morpb 

Knowledge 
Revolution 

Worki1lg Model 
MacroM/i(lia 
MacroModel 

Microso/l 
Excel 
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National 

IIISlr1l1lll!llis 

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 chip's RISC-based architecture 
and innovative Macintosh technology. 

WhyRISC? 
labView & HiQ 

Speclilar The new generation of Macintosh com-
Infini-D puters are the first personal computers with 
SltS;;~fto RISC (Reduced Instruction Set Computing) 

'IIDI chips. RISC chips are smaller and more effi-
Applications optimized for the new Imagille ThaI! Presetzler cient than comparably powered ClSC (Com-

&/elld Professional Power Macintosh computers, often called plex Instruction Set Computing) chips, so 
I~ia Solulions Virlt/S 

native applications, will offer two to four times So/lWindows WalkThroligh they cost less to produce. 
the performance- and in the case of some ITEDO Wolfram Research Which means not only will Power 

IsoDraw tlathemalica 
programs that perform floating-point matlle- Macintosh computers offer you substantial 
matical calculations, ten times the perfor- performance increases, they will do so far 

mance- of programs available for the fastest :~i~~ii~i~ more affordably than a ClSC-based system 
Macintosh computers today. can. In other words, they'll provide you with un-

Right nO\\\ the world's leading developers precedented power. '-
are updating tlleir most popular programs to take The power to Apple 
full advantage of Power Macintosh computers be your best ~ ~ 



PCMCIA 
for 
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and IEEE 488.2 

DAQCard-700'· 

Multifunction I/O 

• Type" card 
• 12-bit ADC with 16 channels 
• 16 digital I/O lines 
• Two counter/timers 
• DOS and Windows driver software 
• LabVIEW~ and LabWindows~ 

compatible 

IEEE 488.2 Interface 

• Type" card 
• Features TNT4882e ASIC 
• Low power consumption 
• DOS and Windows driver software 
• LabVIEW and LabWindows 

compatible 

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

W NATIONAL 
,,.. ~t:l1nl!!Y~~~!~~ 

6504 Bridge Point Parkway 
Austin, TX 78730-5039 
Tel: (512) 794-0100 
Fax: (512) 794-8411 

8nmc:h OffIces 
Austndla 03 879 9422 • Austria 0662 435986 
Belgium 02 757 00 20 · ConodQ 519 622 9310 
Denmark 45 76 26 00 • FI"CUlCe 1 4865 33 70 
flnlcmd 90 527232 · Germany 069 714 50 93 
l'oJy 0248301892 · lapcul 03 3788 1921 
N_erlcmcb 03480 33466 • Norway 32 848400 
Spain 91 640 0065 • Sweden 06 730 4970 
Switzerland 056 27 00 20 • U.I<. 0635 523545 

c Copyrtght 19H Not\onQIlnstNmtna Corporodon. All lights re.rved. Product 
andCDmpany names bstl!dOft~ortroi!nrunes()(lhetrrspet1lwQll'l'lJJCll1kt. 
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~TENTS 
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 linear and 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. Gassers 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 Loral9080 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. 

LClAAL 
Data Systems 

Versatec and V80 are trademarks of Versatec. Inc. 
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T
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 
& Ufe 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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NVENTION 
OF 

THE EAR: 
THE REGENERABLE 

BIOCIDE 

DELIVERY 

UNIT 

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

In this system , water is passed 
through an anion exchange bed that has 
been treated with iodine-long recog­
nized as an efficient d isinfectant 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 solut ion that is used to 
recharge the res in bed with bound 
iodine. Recharging is activated by a 
timer or as the resin bed is depleted, 
monitoring of which can be accom-

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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"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 

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
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 
Washbum. "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 
southem 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, 
DDII C. carter, v... H. YOIt, 
Charles E. Bugg, Lawrence J. Delucas, 
IIId 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-

NASA Tech Briefs, April 1994 

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 

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

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-

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. 

15 



Conically-Scanned 
Holographic Lidar 
Telescope 
GerySCbw ..... 
Goddard Space Flight Center 

Proposed spacebome lidars employ­
ing conventional telescope technology in 
a conical scan pattem 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 spacebome /idar 
applications. 

bome 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 commerciallidar 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, 
ChrIst.., 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. 

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 NARloy-Z is injected 
into a plasma stream, where it is heated 
to a semi molten 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 

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-

Vacuum plasma spray technology cuts the cost of manufac­
turing rockets engine combustion chambers by $3 million. 
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You Know 
SigmaPlat: 
Sdentific Graphing Software 

•• 
Jande.! SigmaPlol is available for Windows! For the first time, get 
SigmaPlol 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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SigmaStat'" 
Statistical Software 

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

For More Infonnation Write In No. 613 

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 Infonnation Write In No. 614 
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PeakFitTM 
Chromatography/Spectroscopy Analysis Software 

Using sophisticated non-linear curve filting 
techniqu~,]andel PeakFit accurately separates, 
quantifies and analyzes peaks in unresolved peak 
data. Analysis includes peak information, parame-
ter values, fit statistics and more. DOS 
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SigmaScanllmage'" 
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 
SigrnaPlotlWindows compatible worksheet.* Windows 
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Machan. 
Image Analysis Software 

Jandel Mocha brings automated image analysis 
capabilities to your Pc. A highly integrated solu­
tion, Mocha oITers powerful image processing and 
measurement, a scjentific data worksheet, trans­
fonn language, plotting, and image annotation tools 
in one easy-to-use Window 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 
Jolin M. Vranish and Robert L McComeil 
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 spacebome 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. 
18 

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 mtrasonic 
Pulses 
WiUiam T. Yost and John H. CantreU, 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 result, 
the boundary between necrotic and viable 
tissue can be detected by ultrasonic pulse 
reflection. This interface has been proven 
to correspond to actual bum 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 earty 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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WE~E EXAGGERATED HOW MUCH 
CALCULATING POWER IS IN NEW MATHCAD PLUS 5.0. 

BUT ONLY SLIGHTLY. 

It gives you more advanced 

math capability than ever before. It 

lets you tackle harder problems and 

solve even tougher equations. In short, 

it's the most powerful, most advanced 

version of Mathcad ever relea ed. 

And that' no exaggeration. More 

powerful than spreadsheets or calculators, 

easier than programming languages, new 

Mathcad PLUS 5.0 gives engineers, scientists 

and educators more tools to do calculations 

with greater peed and ease. 

You get more functi on ality for compu ting 

derivatives and integrals, differential equations, ad'VaIlced 

vector and matrix operation, statistical functions, curve 

fitting, and fast Fourier and wavelet transform·. You can 

chao e from a wider range of symbolic capabilities, and 
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Machcad PLUS 5,0's on-screen worksheet lets 
you easily combine equations. text and graphics . 

graph in 2-0 and 3-D 

polar, contour and para-

metric plots. MamSoft's 

Electronic Books, based 

on me most popular ref-

erence books, let you 

instantly cut and paste 

hundreds of formulas into your work. And with Mathcad 

PLUS Function Packs you can add even more remarkable 

calculating power in pecific dis-

ciplin'.! like signal processing, data 

analysis, statistics and graphic. 

Plus, like its Mathcad predeces-

sors, it's as easy and intuitive as using a 

scratchpad. Simply enter equations in 

real math notation anywhere on Mamcad 

PLUS 5.0's on-screen work heet. Add text 

and graphic. Change variable and instantly 

update your work. Mamcad PLUS 5.0 calculates 

answers quickly and accurately, then prints your 

results in impressive, presentation-quality documents. 

a tty Mathcad PLUS 5.0 today, and tomorrow 

you'll be ten time more productive. Well, maybe we're 

exaggerating again. But only lightly. Mathcad PLUS 5.0 

is priced at just $299'!.l: To order, or to receive even more 

information, call 1-800-967-5 075. Or mail or fax the 

coupon below (Fax: 716-873-0906) . 
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New Product Ideas 
New Product Ideas are just 
a few of the many innovations 
described in this issue of 
NASA Tech Briefs and having 
promising commercial applica­
tions. Each is discussed further 
on the referenced page in the 

appropriate section in this 
issue. If you are interested in 
developing a product from 
these or other NASA innova­
tions, you can receive further 
technical information by 
requesting the TSP referenced 

at the end of the full-length article 
or by writing the Technology 
Utilization Office of the sponsoring 
NASA center (see page 22). 
NASA's patent-licensing program 
to encourage commercial develop­
ment is described on page 22. 

Metal-Ion Additives Reduce 
Thermal Expansion 

ductions range from 11 to over 1 00 per­
cent. Such polyimides may prove useful 
as film and coating materials for both in­
dustrial and aerospace applications in 
which dimensional stability, mechanical 
strength, and thermal stability are required. 
(See page 57.) 

Synthesis of Benzoxazole 
Monomers and Polymers 

of Polyimides 
Incorporation of metal ions into poly­

imides has reduced the coefficients of 
thermal expansion of the polyimides. Re-
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Macsyma® for Math Applications 
You can have it all. 

Major Upgrade on UNIX 

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

Engineers and scientists who use 
Macsyma consistently describe it as 
the most powerful and reliable soft-

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." 

Call1-800-macsyma for a free demo disk today. 
A quarter century of software development is hard to beat. 

$349/$999* Jjt Macsyma 
• For rc version I most workstation versions In U.S.A. and Canada. AcademiC and quanlity discounts arc available. 

Macsyma® is a registered tmdcrnark of Macsyma Inc. IX® is a registered trademark of AT&T Bell Labonllories. 

Macsyma Inc. 
20 Academy treet 

tel : 617-646-4550 
fax: 617-646-3 16 1 

Arlington MA 02174-6436 / U.S.A. 

For More Information Write In No. 403 

1-800-macsyma 
1-800-622-7962 

Di(hydroxyphenyl) benzoxazole mono­
mers have been synthesized by the con­
densation reaction of phenyl-4- hydroxyben­
zoate with aromatic bis(o-aminophenol)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 diarnic 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 BENEFIT 
FROM NASA's 

TECHNOLOGY 
TRANSFER 
SERVICES 

I I you're a regular reader 01 TECH BRIEFS, then you're already making use 01 one 01 the 
low- and no-cost services provided by NASA's Technology Transler Program. But a 

TECH BRIEFS subscnphon represents only a Iractlon 01 the technical lnlormatlon and appli­
cahons/engmeenng services offered by this Program. In lact. when aU 01 the components 01 
NASA's Technology Transler Network are considered. TECH BRIEFS represents the 
proverbial liP 01 the iceberg. 

We've outlined betow NASA's Technology Transler Network-named the parbclpants, 
descnbed their servICeS. and listed the individuals you can contact lor more ,"lormaMn 
relating to your specrtlC needs. We encourage you to make use 01 the Inlormation. access, 
and applications services offered 

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. 

I f 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 Ct • . Jet Propulsion Lab. George C. Marshall Houston, TX 77058 
Technology Utilization Space Center Technology Utilization NASA Resident OIIice 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 OIIicer: Mathis, Jr. Officer: Aril Husain Officer: Ismail Akbay Edward K. Fein 
Moffett Field, CA 94035 Richard A. Galle Head, TU & AO Office Mait Stop 180-8010 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-()001 Pasadena, CA 91109 Center, (713) 463-4871 
Darrell G. Brekke MS39529 (804) 864-2484 (818) 354-4862 AL 35812 

NASA Headquarters Mail Code 2()()'11 (601 ) 688·1929 Patent Counsel: Patent Counsel: (205) 544-2223 
Mo"ett Field, CA 94035 Dr. George F. Helfrich Thomas H. Jones (800) 437·5186 Technology Utilization 

(415) 604-5104 John F. Kennedy Mail Stop 143 Mail Code 180-801 G Patent Counsel: Officer: Leonard A Ault 
Space Center Hampton, VA 23681-0001 4800 Oak Grove Drive Robert L Broad, Jr. CodeCU 

Lewis Research Technology Util ization (804) 864-3221 Pasadena, CA 91109 Mail Code CCOI Washington, DC 20546 
Center Officer: James A. (818) 354-5179 Marshall Space Flight (202) 358-0721 
Technology Utilization Aliberb Goddard Space Flight Center, Associate General 
Officer: Anthony F. Mail Stop DE-TOO Center Technology Utilization AL 35812 Counsel for Intellectual 
Ratajczak Kennedy Space Technology Utilization Mgr. for JPL: (205) 544·0021 Property: Jack Mannix 
Mait Slop 7-3 Center, FL 32899 OIIicer: 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 Util ization 
Patent Counsel: Mail Code DE-TOO Patent Counsel: (818) 354-2240 OIIicer: Richard B. 
Gene E. Shook Kennedy Space R. Dennis Marchant 

Technical 
Ramsell 

Mail Code LE-LAW Center, FL 32899 Mail Code 204 Mail Code IC-4 
21000 Brookpark Road (407) 867-2544 Greenbelt, MD 20771 Informationi1nquiries: Building 4 South 
Cleveland, OH 44135 (301) 286-7351 1·(800) 832-4575 

(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. 

Y OU can contact NASA's network of RITCs for assistance in solving a specific technical problem or locating technology or markets that match your 
interests. The RITCs 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 RITC in your geographical region 
(or you may call or write directly to the RITC in your region) . 

REGIONAL TECHNOLOGY TRANSFER TRANSFER CENTERS (RTICs) 
RTIC Directors 

NORTHEAST 
Dr. William Gasko 
Center tor Technology 
Commercialization 

Massachusetts Technology Park 
100 North Drive 
Westborough, MA 01581 
(508) 870-0042 

MID·ATLANTIC 
Ms. Lani S, Hummel 
University of Pittsburgh 
823 William Pitt Union 
Pittsburgh, PA 15260 
(412) 648-7000 
(800) 257-2725 (toll-free US) 

SOUTHEAST 
Mr. J. Ronald Thornton 
Southem Technology Application 
Center 
University of Florida 
College of Eng. 
Box 24 
One Progress Boulevard 
Alachua, FL 32615 
(904) 462-3913 
(800) 225-0308 (outside FL) 

MID-CONTINENT 
Mr. Gary Sera 
Texas Engineering Extension Service 
Texas A&M University System 
301 Tarrow Street 
College Station, Texas 77843-8000 
409·845-8762 

MID·WEST 
Dr. Joseph W. Ray 
Great Lakes Industrial Technology Center 
25000 Great Northern Corporate Center 
Suite 260 
Cleveland, OH 44070·5310 
(216) 734-0094 

FAR·WEST 
Mr. Robert Stark 
Technology Transfer Center 
University of Southern Califomia 
3716 South Hope Street, 
Suite 200 
Los Angeles, CA 90007-4344 
(213) 743-6132 
(800) 642-2872 (CA only) 
(8oo) 872-7477 (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'I 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 

A Shortcut T o Software: C OSMICGII-For 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: 
COSMIct', 382 East Broad Street, Athens, GA 30602 John A. Gibson, Director, (706) 
542-3265; FAX (706) 542-4807. 

If You Have a Question. NASA Center For AeroSpace Inform at ion 
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. 
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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 poIyimides. 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. 

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 
composites that have dielectric constants 
as low as those currently obtained with 

Dielectric 

Polyimide Resin Constant of 
Film 

6FDAl4-BDAF 2.4 

6FDAl4-BDAF 
With 5 Percent -

Additive 

6FDAl4-BDAF 
With 2.5 Percent -

Additive 

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 
TSP F/ocfuestCard. 
LAR-14544d 

Dielectric Percentage of Dielectric 
Constant of Resin in Constant of 

Fiber Laminate Laminate 

33.3 3.8 

5.0 

31 .9 4.0 

5.0 21 .8 4.2 

3.8 25.9 3.3 

One low-dielectric-constant polymer 
known from the previous development 
efforts is 6FDA/4-BDAF, which is pre­
pared from 2,2-bis(3,4-dicaboxyphe­
nyl)hexafluoropropane dian hydride (6FDA) 
and 2,2-bis[4(4-aminophenoxy)-phenyf)hex­
afluoropropane (4-BDAF). This polymer 
contains fluorine, in the form of C(CF~2 
groups, in both the dianhydride and the 
diamine and was chosen as the matrix 

Dielectric Constants of various potyimide/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 F11 0 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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Quick, which application uses VESPE( ? 

Actually, they all do. 
Design engineers are discovering that DuPont 

VESPEL'" polyimide parts aren't just for high­

with superior compressive strength and resistance to 
wear and friction - even at 550r' temperatures. 
Whats more, DuPont provided machined prototypes 
and recommended a direct-forming process which peiformance applications anymore. 

They're a cost-effective solution for a 
wide range of general applications. 

Take EM&S, Inc. They were developing 
a constant-duty motor for supermarket 

free zer fans. But instead of 

,---------, reduced manufacturing costs. 
IF YOU WANT TO 
GET TECHNICAL Because DuPont actually makes 

VESPEL parts , our customers get 
something they can't find anywhere else: 
technical and design assistance right 
through to the finished part. expensive bronze or ball 

bearings, which need 
lubrication, EM &S used a 

lubrication-free bearing of VESPEL. VESPEL combines 
the best properties of ceramics, metals and plastics 

Let DuPont help you design a cost­
effective VESPEL solution for your next 

application. To learn more, talk to a DuPont sales 
engineer. Just call 1-800-972-7252. 

For additional 
properties data, call 

our Pol yfax'M Instant­
Response Polymer 

Information Service. 
Dial 1-800-225-5387. 

At the prompt dial: 2607 

Engineering Polymers 



Introducing EXCELFRAX™ Microporous Silica Insulation. The Lowes 
New Excelfrax™ insulation is a high 
temperature, microporous silica 
material that provides excellent ther­
mal stability, low thermal diffusivity 
and one of the lowest thermal con­
ductivities of any comparable prod­
uct currently available. Because of 
this excellent thermal performance, 
Excelfrax insulation allows you to 
provide the maximum amount of 
thermal protection within minimum 
space and weight requirements. 

C 1994 The Carborundum Company 

Excelflex· Composite Systems 
is the flexible version of the new 
Excelfrax product line. This qUilted 
composite material is lightweight 
and flexible for easy handling and 
fabrication, making it ideal for criti­
cal commercial and military aircraft 
applications such as engine struts, 
nacelles, cowlings and avionics. 

Excelfrax insulation is backed 
by our applications engineering 
team, and joins our complete line of 

For More Informlltlon Wrfte In No. 688 

Fiberfrax· refractory ceramic fiber 
products to bring you the broadest 
product line in the market today. 

The next time you need 
maximum thermal protection in a 
minimum amount of space and 
weight, choose Excelfrax 
microporous silica insulation. 
For more information, call The 
Carborundum Company, Fibers 
Division 716 278-6221 . 
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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 
600°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. MaJarik of Lewis 
Research Center. For further informat­
ion, write in 50 on the 7SP 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.-------------, 
0.9 f- t 
0.8 ~-------0-o--

C 0.7
12

Q. - - -o-ffi~­~ 0.61!" hensile 
rf. 0.5 f- Ductility , 
.~ 0.4 f- Range [] 'q 0 , 
ci5 0.3 f- -a0A 
E 0 425 ·C .~ 
~ 02f- 0 815 ·C 

.~ . -- 425·C Correlation 
:::!: 815 · C Correlation 

Observed Fatigue Life (Nf ), Cycles 

Figure 1. Observed Fatigue Lives of 
Three-Ply Specimens of unidirectional-fi­
ber composites of SiC fibers in a matrix of 
65Ti/24A1/11 Nb (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 

where Np is the predicted fatigue life 
(number of fatigue cycles); emax is the 
maximum applied strain; A, a, p, 'Yand 
are constants; and E, ault, and ef are 
the modulus of elasticity, ultimate ten­
sile strength, and fracture strain, respec­
tively, of the composite material. The 
ratio ault/E can be regarded as the 
maximum elastic strain that can be 
applied to the composite, while ef is a 
measure of the ductility of the compos­
ite and represents a combination of 
maximum elastic and inelastic applied 
strains. 

The parameters,A, a, p, and 'Yare com-

puted by using multiple-regression analy­
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/24AI/11 Nb} 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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Research Solder Kits: 
The tools of invention. 

xperiment with 
us - the Indium 
Corporation of 
America - and 

In 
. . 

..... , .~ 

~~ 

~NE 

Microelectronics 
Assembly; Low 
Temperature 
Soldering; Special get fast solutions to 

your joining and 
bonding problems. 
Just call us and we'll 
recommend the best 
kit for your research 
project. And to save 
you time, we accept 
Visa and Master­
Card. 

i"i 

. .' !!iii INDIUM CORPORA11ON or AMl:RICA 

Joining/Bonding 
(especially good 
for bonding non­
metals); and 
General Purpose 
Applications. Also 
available: a General 
Purpose Solder 
Ribbon Kit and 

e.-.- ~.\ 

II/IIUH' '\\ • • .:. " - ~i ":' -

Kits are the most 
cost-effective way 

\ 

L. 

to determine which alloy 
works best. After you make your 
selection, we can provide production 
quantities in any fabrication, includ­
ing: standard or custom preforms, 
BGA spheres, wire, ribbon, foil, pow­
der, bar, shot, or solder paste. 

Pictured here is our brand new Lead­
Free Solder Wire Kit, which includes 
two recently patented alloys. Other 
solder wire kits include those for 

several Solder Paste 
Kits, including one 
with the latest 
very-low-residue 

No-Clean Solder Pastes. 

Included with each kit is a guidebook 
that details the contents of all avail­
able kits and provides application 
information and technical specifica­
tions for each alloy. For an advance 
copy, just call. 

Experiment with us. You'll like what 
you discover. 

Since 1934 
INOlur.! CORPORATION OF M.!ERICA: 1676 Loncoln Avenue. Ullca. New York' 315-853-.900 or BOO-. Indium ' FAX 315-853-1000 or 800·221-5759 

INOIUI,l CORPORATION OF EUROPE: 7 Gflsedale Courl. Woburn Road InduS1rlal Eslale. Kempslol1. Bedlold 1.1K'2 lEE England ,,023,18,0255' FAX 1023.18.,.98 

199·llnd.um Co.por.lt.on of Am~'l .e.l 

For More Information Write In No. 656 



ta, are available. In making such a pre­
diction, the values of E, Clult, and Ef 
used in the equat ion are those 
obtained in tensile tests at the tempera­
ture in question, while the values A, a., ~, 

and yare those obtained previously 
from the multiple-regression fit. Figure 2 
presents an example of fatigue lives as 
observed and as pred icted by th is 
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 poIyimides 
(PMR-II 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-II 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-
1y greater than those of similar laminates 
made with NE-capped PMR-II resins. 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-II resins of 
the older type were prepared from (a) n 

moles of HFOE - the dimethyl ester of 
4,4' -(hexafluoroisopropylidene)-bis(phthalic 
acid). (b) n + 1 moles of para-phenylene­
diamine (PPOA), 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 
from n + 1 moles of HFDE, n moles PPOA, 
and 2 moles of PAS (see figure) Methanol 
solutions (40 to 50 percent solute by 
weight) were prepared at n = 9 and n = 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 

Power. 

5 minute plots 

calculated to contain 55 volume percent 
fiber after curing. Each prepreg was allowed 
to dry on the drum, under quartz lamps, 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 to 0.25 cm thick 
after curing. The laminates were laid up in a 
vacuum bag and cured in a press by use of 
a simulated 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°C to 385°C at 1°C/min, with a 2-h holds 
at 316 and 343°C followed by a 20-h hold 

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

It's true. For about the price of the aver­
age pen plotter, the HP DesignJet 200 
gives you crisp, 300-dp~ D-size plots in 
under five minutes. 

Of course, HP's proven inkjet teclmology 
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. 

Rexural and inter1arninar -shear-strength 
(ILSS) tests were performed on laminate 
specimens before and after exposure to air 
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 0/-CNJ 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-II 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 air at 371 °C 
for as long as 1 ,000 h. 
This workwas donebyR. D. Vannucci, D. 

C. Malarik, D. S. Papadapoulos, and John 
F. Waters of Case Western Reserve Uni­
versity for Lewis Research Center. Fur-

system makes the HP DesignJet 200 
ideal for any office environment And 
with the addition of legs, the DesignJet 
200 converts from a desktop to a free­
standing plotter. 
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o 
II 

CD:.C-OCH3 

C-OH 
II 
o 

L.@-NH2 

Monomethytester of 
5-Norborene-2, 
3-Dicarboxytic 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. " 

Rush orders may be placed for an extra 
fee by calling the same number. 

Copies maybe purchased (prepayment 
required) from the NASA Center for Aero­
Space information, Linthicum Heights, 
Maryland, TelephoneNo. (301)621-0394. 

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-15303. 

To the people. 

So get the plotter that saves you as 
much time as it does money. Call 
1-800-851-1170, Ext 7720 for the loca­
tion of your local HP demo dealer.t 

$2,995* 
Fli;' HEWLETT® 
~~ PACKARD 

'E-siu model price<llljusl $3.995. Sugesl<'d U list pricos. 
!'ria: does not include optional legs and bin. Plot images coortesy 
of Au-.lnc. 'In Canada, call 1-1100·387·3867, Ext. 7720. 
0 1994 flewlett·1'Id<ard Company PEI2402 

For More Infonnatlon Write In No. 404 31 



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 (PAEPO'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 
PAEPO'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 
dLig, and the glass-transition tem­
peratures (T g's) ranged from 171 to 
213°C. Thermogravimetric analysis at a 
heating rate of 2HC/ 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 films 
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 0.0355 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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1 
Dimethylacetamide, Toluene, 
N2, I<:!C03, and Heat 

o 
II H3co-®-0-©rrlQ1_0-©3-0CH3 
148% HBr 

o 
II HO-®-o-©rt-©-o-©3- OH 

Monomer 

SYNTHESIS OF MONOMER 

o 

n Ho-®-o-©rh~-o-©3-0H + n v-©rXl§Lv 

Notes: 

Monomer 

1 
Dimethylacetamide, Toluene, 
N2, I<:!C03, and Heat 

SYNTHESIS OF POLYMER 

o 
II 

-p- 0 0 0 

~ II 0 II II 
1. x= LQJ , 802, CO. c-©-g, CV C , etc. 

2. Y = CI, F, or N02. 

3. Z = ©-- or CH3· 

SYNTHESIS OF POLYMER 

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 sysItm ."jib SIMUUNK: &ope block and MA1IAB animation window show results wbik 
the simul4tion is nmning. You can cbange parametm during a simulation to do "what if analystS. 

It's time to go 
nonlinear with 
SIMULINK~ 
S 

IMULINK gives you a power­

ful interactive workbench to 

model, analyze, and simulate 

physical and mathematical systems. 

SIMULINK allows you to rapidly 

model the behavior of complex sys­

tems like regional power grids, satel­

lite controllers, aircraft, robotic sys­

tems and biochemical processes. 

Create models graphically 

With SlMULINK you can model a 

dynamic system quickly and easily. 

Just drag and drop icons into block 

diagrams - there's no need to write 

a single line of code. 

SIMULINK provides over 200 built­

in block types from which to build 

your models. You can also design 

your own blocks, complete with cus­

tom icons. Plus, blocks can be 

grouped to create a model hierarchy. 

Extensiw model types 

To model a complete range of sys­

tem behaviors, you can combine lin­

ear and nonlinear elements defmed 

in discrete-time, continuous-time or 

as a hybrid system. 

lnteractiw 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 parametm in a nonlinear sys­
tem ."jtb the Nonlinear Control Design Toolbox. 

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. 

An open an;hitecture 

Because SIMULINK is based on the 

open and extensible architecture of 

MATIAB-, you can easily create 

blocks, customize existing blocks, 

build.custom block libraries, and use 

MATIAB's toolboxes including: 

• Signal Processing 

• System Identification 

• Control System Design 

• Robust Control 

• p-Analysis and Synthesis 

• Neural Network 

• Optimization 

• Nonlinear Control Design 

New toolboxes for nonlinear 

optimiUltion and real·time code 

The new Nonlinear Control Design 

Toolbox automatically optimizes 

controller parameters using nonlin­

ear simulation results .. 

SlMULINK's new C Code Generator 

lets you automatically generate real­

time code from models, for embed­

ded control, rapid prototyping, and 

standalone simulations on your tar­

get hardware or on DSP hardware. 

SIMUUNK Higbligbts 

Mode"", Tools 

• BID"I Library with 200. Modes 
• Custom bloclts and libraries 

• Custom icOll editor 

• Diffemttial eqauUions 

• Linear and rtortlinear 
• Discrete·time, contillllOUS·time, 

andbybrid 
• Multi.input.multi-output 

• Hieran;bkal modeUng 
• Write eqwtions ill Fortran, 

CorMATIAB 

Siffllll4tifm IUUI An4dysis 
• 7 illtegnltiOll methods for fiud, 

variable.step and stiff systems 

• Interactiw simulations with 
Uve displays 

• Bakb simulations from MA1IAB 
roIIIIIUIndline 

• MOIIte Carlo simulations 

• Mess to MATIAB's extensiw 
toolboxes 

• T rillllllillg: determine stable 
equilibrium poillts 

• Linearization 

SIMULINK is available on most pop­

ular computers, including Unix 

workstations, MS-Wmdows-based 

personal computers, and the 

Macintosh. 

Call 508/653·1415 for a 
complete brochure. 

New SIMULINK Prices 
Starling at $1 ,995 in the U.S. 
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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 CI 
or N02 for F and S02 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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SYNTHESIS OF END-CAPPING AGENT 

-o-~ 0 AlCI -o-~ 
Br ~ !J C- CI + ~ !J F + Br ~ !J v~ F 

O o-~ ~ !J C 5 C - H + Br ~ !J v~F 

0 3 P, COI , 

(el" P)2Pd CI 
in Et3N 

4 - Phenylethynyl - 4' - fluorobenzophenone 

SYNTHESIS OF MODEL COMPOUND 

-

-o-~ -0 0 K,C0
3 

F ~ !J v~C5 C ~ !J + ~ !J OH in 0CH
3

and -

Dimethylacetamide 

4 . Phenoxy - 4' . phenylethynylbenzophenone 

SYNTHESIS OF REACTIVE DILUENT 

o 
F -o-VC5C-o + HOCH,CH,OCH,CH,OH 

Bi5(4- phenylethynylbenzoyl - 4' - phenoxy) ethyl ether 

Figure 1. Compounds That Contain Phenylethynyl are synthesized for subsequent use 
in making thermoset polymers. 
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pound, 4-phenoxy-4' -phenylethynylben­
zophenone. This compound is rela­
tively stable at a temperature of 200·C, 

42t .88 · C 

""-374.41 .C 

415.19 ·C 

400 500 

Figure 2. 
Differential 
Scanning 
Calorimetry 
of the model 
compound 4-
phenoxy-4'­
phenylethynyl­
benzophe­
none indicates 
that it is rela­
tively thermal­
ly stable at 
200·C but 
cures when 
held for 1 h at 
350 ·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 -12JOC, 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 1 0 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, Virgin ia 

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-
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Dimethylacetamide and Toluene 
at 155 · C 

CH3 

1. ArDenotes-@-9* 

CH 3 ' 

000 

2. X Denotes -@-B-@-- or -@-glQr~-@-

3. n is an integer between 1 and 100. 

Phenylethynyl-Terminated Poly(Arylene Ethers) are formed in this reaction se­
quence, then thermally crosslinked. The resulti ng 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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Electronic Components 
and Circuits 

Latching-Relay Driver and Continuity Checker 
Average power consumed is reduced by about 15 W. 
Lewis Research Center, Cleveland, Ohio 

A driving orcuit 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 non latching 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.()n 
Command O-----.J\Nv----'~f--4,,.., 

120 Vdc From 
Power Supply 

+ 15V o---~r-rr 
+ 5 V 0-------1 

in the turn-on relay coil or tum-off relay 
coil, respectively, upon receipt of a tum­
on or turn-off command from extemal 
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-~F storage 
capacitor in the driving circuit sustains 
enough switching power for a long 
enough time after detection of a fault 

Transistor 
Swnch 

Fau" Alarm OUI 

The Latching­
Relay Driver 
and Continuity 
Checker, shown 
here in simplified 
form, provide 
automatic turnoff 
of the relay when 
the power fails , 
or an alarm that 
indicates a dis­
continuity in the 
turn-off circuit, 
respectively. 

to switch the relay to the "off' pOSition. 
The continuity-checking circuit tests 

for continuity of the path from the tum­
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 Rockwellintemational Corp. 
for Lewis Research Center. For fur­
ther information, write in 28 on the 
TSP Request Card. LEW-15159 

Ion 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, 
--BO 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-

38 

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. Although there is some ero-
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The Critical Cell Of The 
RF Attenuator Has Become 

The Whole Attenuator 

THE FIRST SELF-CONTAINED, 
ULTRAMINIATURE 
SWITCHABLE ATTENUATOR! 

Teledyne Relays' 
new AlSO 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 

linearity vs. frequency and outstanding 
intermodulation performance. The AlSO 
Attenuator Relay is designed for use in 50 
ohm systems (Ner 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 AlSO 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 AlSO 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. 

""'TELEDYNE RELAYS 
Innovations In Switching Technology 

HOME omCE, 12525 Daphne Avenue, Hawthorne, CA 90250 • Telephone 213-777.0077 • FAX 213-779-9161 
U.S. REGIONAL SALES OmCES: EASTERN, 201-299-7667: CENTRAL, 708-529-1~ 

OVERSEAS: GERMANY, 01149-61117636-147: ENGLAND, (081) 571-9596: BELGIUM, (02) 673-99-88: JAPAN, (3) 3m-6956 

For More Info,.".tion Write In Mo. 669 



TTC Slowing You Down? 

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

Introducing DATAshuttle, 
a fresh approach to achieving 
the absolute lowest "Time­
To-Collection" (TIC) of any 
data acquisition system 
available today. 

Whether you are perform­
ing desktop experiments in 
the laboratory or logging 

measurements with a 
notebook computer in the 
plant or the field, the 
DATAshuttle will save you 
valuable time. Let us show 
you how. 

For more information on 
the DATAshuttle family of 
products, call (800)736-8810. 

~ Strawberry Tree 
Data AcquISi tion So Smart , It 's Simple 

For More Infonnation Write In No. 433 

C·140 C·17 G·222 727 Ml·A2 M·109 8·52 B·18 B·2 

II) .... . 
u.. 

Merlin ME-981/991 systems use low-cost video tape recorders to 
capture over 2 hours of conti nuous data at rates 
up to 2.2 MbitS/sec. Open design permits use of 
interchangable interface modules for a flexible 
data recording system. The ME-981 is Qualified 
to Mil-Std-810E and is available in both ruggedized '---===::!J 
and raj(-mount configurations. 

Merlin 
MERLIN ENGINEERING WORKS 
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1888 Embarcadero Rd., Palo Alto, CA 94303 Phone (415) 856·0900 
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Negative Bias o n t he 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 conceming 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 RK exceeds the true contact resistance RI by an amount 
known as the flange resistance Rp. that is, 
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You probably know US for ~ brick, 
butwhen you look a little closer 

you'l1 find we're big 
in electrical ceramics, too. 

When you take a close look at Harrop you'll 
find we're into computer chips, ceramic 
substrates, ferrites, insulators, spark plugs­
and just about every electrical ceramic around. 
Harrop is your single source for modem kiln 
design. No matter what your processing 
need, Harrop can custom design kilns 
for the high technology processes of 
the 80's. 

Harrop offers prefabricated 
and field-built kilns - both con­
tinuous and periodic - including 
Shuttle Kilns and Elevator Kilns 
for medium volume pro­
duction, Tunnel Kilns for 
high volume production, 
Pusl).er Plates for pre­
cision temperatures and 
atmospheres and Box 
Kilns for small pro­
duction. The com­
petition only offers 
1 or 2 models. 

But we 
don't just sell you 
a kiln. We start by 
first understanding 
your operation. 
We take the time 
to learn your 
entire process. 
Then we work 
closely with you to 
design a kiln applica­
tion that fits your exact needs. 
And before we make our recommenda-
tions, your materials are put through a 
comprehensive materials testing program in 
our labs to determine the optimum firing 
cycle and thermal processing. 

In every kiln Harrop builds we use micro­
processor control systems for precision control 

of temperature and the entire firing 1?,rocess. 
And, you'll find operating fleXibility to 

be a key advantage, too. We understand your 
needs for kilns that are flexible, and you'll 

find it in every kiln we build. They're kilns which 
respond to changes in production 

or to changes in 
product line. 
Even more, 

our experienced 
technical staff will 

continue to provide 
technical advice and 

service whenever 
you need us. We're 
service oriented -
and have been for 

60 years. And, we'll 
train your operators, 

troubleshoot your oper­
ating problems, and con­

tinue to recommend 
practical improvements 
for your firing apJ>lication. 

It's all part of Harrop's 
design philosophy - to stay 

abreast of new develop­
ments in electronic and elec­

trical ceramics. And to build 
reliable, rugged, and fast fire 
gas and electric kilns - that 
offer the greatest flexibility, 

fuel efficiency and overall pro-
ductivity to make your operation 

more profitable. 
We've been around a long time. 

And we offer a broad spectrum of sophisticated 
kiln designs and heating applications. So the 
closer you look, the more you'll find. To find 

out more, call or write Harrop Industries, Inc., 
3470 East Fifth Avenue, Columbus, Ohio 43219, 

Telephone: 614/231-3621. 

Electrical Ceramics: we talk the language at 
HARROP 
_INDU8TAln.INC __ 

For More Inform.tlon Write In No. 506 



SI -GMS 
• 

... for unprecedented 
performance 
Build precision, animated 
screens for visual display 
and interactive control of 
real-time applications. 
Since 1984 SL has offered true object­
orienred graphics developmenr tools and 
software components-- the most advanced 
available-to help build state-of-the art, high 
performance 
dynamic 
graphical 
applications. 
They 
dramatically 
simplifY the 
work needed 
to create 
inrerfitce 
screens of any 
complexity 
and animate 
them with 
your data. 

• Primary flight display for F22 

• Space shuttle main engine 

• Telecommunications network monitoring 

Supported systems: 
nearly all varieties of UNIX on SUN, 
HP, IBM, MIPS, DEC (VAX/Alpha, 
OpenVMS/OSF-1), also X Wllldow, 
lnrel: Windows NT, OS/2. For SGI 
SL generates display pipe-line code 
to reach real-time native speeds. 

call: 415/927-1724 

SL 
Sherrill - L.ubinski 

SL Corporation 
Suite 110 Hunt Plaza 
240 Tamal Vista Boulevard 
Corte Madera, CA 94925 
C 1994 Sherrlll·Lubinski Corporation 

For More Information Write In No. 431 

RFdepends on the geometry and sheet 
resistances of the flanges and weakly 
on R,; 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, RF varies approxi­
mately as a quadratic function of the 
misalignments ~ and 11 shown in the 
figure. The resulting equations for the 
"left" and "right" contact resistances 
RK++ and RK- respectively) are 

RK++ = RJ 

+ RFO[1-a1 (\+ll) + a2(~ + ll)2] 
and 
RK-=RJ 

+ RFO[1 +a1 (~~ll) + a2(~; ll)2] 
where RFO is the precise computed 

value of RFfor perfectly aligned contacts, 
I) is the flange width shown in the figure, 
and a 1 and a2 are obtained by fitting 
this equation to the precise computed 
values of RF 

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

Current Tap 

Two Square 
Contacts 
are dis­
placed hori­
zontally by ~ 
and vertically 
by II from 
perfect align­
ment. 

As a first -order approximation, one 
could neglect the term associated with 
a2' In that case, the equation justifies the 
previous practice of computing R, by 
averaging "left" and "right" measured four­
terminal resistances and subtracting RFD' 
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 11 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
mal ly insulating substrates. 
Lang/ey Research Center, Hampton, Virginia 

EJectricaileadsthat offer high electri EJec­
tricalleads that offer high electrical con­
ductivity and low thermal conductivity are 

being developed for use in connecting elec­
tronic devices inside cryogenic systems 
to power supplies, signal-processing cir-
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Intermediate 
Signal-Processing 
Circuits 

Signal Pulses (1 I!A) 

~~------~ ----------~.~ ~~--~~ 

A strip of leads is formed in the required 
pattern by screen-printing of the thick 
high-temperature superconductor onto 
the ceramic substrate. The substrate and 
deposited leads are then heat-treated at a 
temperature between 800 and 950 °G. 
The substrate material must be chosen 
not only for its low thermal conductivity 
but also for chemical compatibility with 
the superconductive material during heat 
treatment. Suitable substrate materials 
include yttria-stabilized zirconia and fused 
silica. 

Infrared Detectors 
in Cryogenic System 4.2 K Flow of Heat 80 K 

Figure 1. A Strip of Superconductive Leads on a ceramic substrate , similar to ribbon 
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 Rgure 1). These 
leads are made of thick films of 
YBa2Gu307- x or other high-tempera­
ture superconductors formed in the 
required conductive pattems on low-ther­
mal-conductivity ceramic substrates. Typ­
ically, multiple parallel line conductors are 
formed in strips similar to ribbon cables. 

The electrical leads that bridge the ther­
mal gradient at the boundary of a cryo­
genic system should be designed both to 
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 particularlywell 
suited for this purpose because (1) resis­
tive heating ofthe leads can be eliminated 
by cooling them below the supercon­
ducting-transition temperature (typically, 
93 K in the case ofYBa2Gu30]- x) 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). 
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The Thermal Conductivity of YBa2Cu3D]_x 
is less than that of manganin (an alloy of 84 
percent Cu, 12 percent Ni, and 4 percent 
Mn), which has been used previously to 
make electrical leads for cryogenic instru­
mentation. High-temperature superconduc­
tors based on Bi and T I exhibit even lower 
thermal conductivity. 
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IMAGING 
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Technology Inc. 

Series 150/40 
lithe industry's vision processor" 

Modular 40 MHz pipeline processors 
Plug-on 40 MHz DSPs for high-speed image analysis 
Expandable parallel pipelines defined by software 
Real-time, true-color processing 
Extensive vision application software tools 

Unrestricted choice of image sensors 
• VMEbus, ISNEISA, and S-bus compatible 
• In OEM quantities, single-board configurations 

start at less than $7,500 

Call (800) 333-3035 
for additional detai Is! 
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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 Bi2Sr2Ca2Cu30x 
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. 
Wise of Langley Research Center, and 
Matthew W HookerofClemson University. 

For further information, write in 55 on the 
TSP Request Card. 

Inquiries concerning rights for the com­
mercial use of this invention should be 
addressed to the Patent Counsel, Langley 
Research Center {see page 22]. 
Refer to fAR- 14964 

Wideband Linear Phase Modulator 
Constant-/, 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-
millimeter 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. (y is 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 0. 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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Note: 1. MUN: Microstrip Une 
2. TUN:Transmission Une 

Length = 5.56 mm 
(1090) 

MUN: 
Width = 1.40 mm 
(About 500) 

Capacitor: 

-Unmodulated 
Input 

3.9 pF (Includes Ribbon Interconnection) 

MUN: 

Length = 2.79 mm 
(420 ) 

Width = 1.73 mm 
Length = 1.17 mm 
(43 0 ) 

MLlN: 
Width = 2.79 mm 
Length = 4.88 mm 

(300) Stub: 

Width = 0.81 mm 
TUN: Length = 2.44 mm 

From Ribbon to Varactor 
Characteristic Impedance = 1500 
Electrical Length = 9° 

GaAs Hyperabrupt Varactor 
T MA 46411 -126: 
.. Capacitance = 0.65 pF 

at Reverse Bias of 4 V, Y= 1.5 

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. 
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the difference today, ca1l800-64S­
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Electronic Systems 

Coding for Compression of Low-Entropy Data 
Algorithms can be implemented in relatively simple circuits. 
Goddard Space Flight Center, Greenbelt, Maryland 

AIl improved method of encoding digi­
tal data provides for efficient IossIess 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 % 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. 

,I 
2 )5R Pixel 30 

The derivation of the method begins 
with a set of N nonnegative source sym­
bols, S = {so' 51' 52' ... , 5N-1}' where 5f= 
i represents a pixel brightness level or a 
mapped difference between two bright­
ness levels, N = 2'1, 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, r = {rO' 'Y1, 'Y2' .. . , 'YM}, where M = N2 
for twosomes or N3 for threesomes, r 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 'Y4 = 4 fol-
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Figure 1. On 
the Average, 
Each Pixel 
Contains 
Little 
Information 
because the 
brightness 
levels of most 
pixels are the 
same. Only 
the pixels 
within the 
dashed out­
line contain 
changes in 
brightness 
levels. 

Figure 2. 
Relatively 
Simple 
Arithmetic 
and Logic 
Circuits can 
be used to 
implement the 
coders and 
decoders. 
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lowed by symbol 'Y2 = 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 
drcuits. Each successive pair of consecu­
tive data samples is presented to the adder 
in the encoding drcuit. The adder gener­
ates the sums Band B+ 1. These sums 
are multiplied, then divided by 2 (for ex­
ample, by use of a shift register) to ob­
tain ms' A second adder computes 'Ym= 

m = ms + j. Then 'Ym = m is fed to a com­
ma-code generatator. 

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

Windowless Airplane With a View 
Television would replace windows. 
Lang/ey 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-

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 conceming nonexclusive or ex­
clusive license for its commercial devel­
opment should be addressed to the 
Patent Counsel, Goddard Space Right 
Center {see page 22]. 
Refer to GSC-13486. 

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 
(Simulated Window) 

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 O. Gar­
den of Langley Research Center. No 
further documentation is available. 
LAR-14BBO 

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 afflicted 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 

dJ f _.-~ 'ulc::J 
--'" 0 

D 
00 

trainee to devote more attention to it. 
The game is designed to make train­

ees want to win and, in so doing, leam 
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 

Difficulty of Game 
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Electroencephalograph 

Interface Circuit 

Feedback 
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 learns 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 fts 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. 
Lang/ey 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 "tum" to section C. The wireless link 
would enable the user to take the v.evver 
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
lready 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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A Simple Menu of Familiar Selections would enable the user to "turn" to the desired 
section of the electronic newspaper. 
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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-

L-BAND, HORIZONTAL POLARIZATION 

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-

C-BAND, VERTICAL POLARIZATION 

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 

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 Ramaiingam Chellappa of Cal­
tech for NASA's Jet Propulsion Lab­
oratory. For further information, write 

Improved Bubble-Point Test 
Sizes of pores in filters are determined more accurately. 

John F Kennedy Space Center, Florida 

Air'Supply Hose 

o 

in 80 on the TSP Request Card. 
NPO-18516 

r ""A Plastic 
Disk 

o 

Test 

The Clear 
Plastic Disk 
seals one 
end of the 
saturated 
filter ele­
ment. The 
scribed 

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. 

L-_"""" _____ - _-_-_--ill Uquid 

scale indi­
cates height 
of the pres­
surized air 
pocket. The 
pore size as 
a function of 
this height 
can then be 
computed. 

In the improved test (see figure), the fil­
ter element to be tested is first immersed 
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 

Filter 

BUBBLE·POINT TEST CONAGURATION 

Pleated 

Scale Scribed on 
Plastic 

VIEW A·A MAGNIFIED 

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 liq­
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 3600 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 Wiltech 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 
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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 fl ight, 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. 

~ r-------------------------------------, 
The Estimated 
Gain of the 
antenna as a 
function of angle, 
as fitted to these 
data, exhibits a 
residual error of 
less than 

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 c2 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 

.... : . ~ .. h :.. .:. :. ';.! . ~ , 
• l '!it II ) ~ 
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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 orCa/tech 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 
Oi (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, films, 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 CI, although the 
leaving group can also be N02. The 
most effective solvent for this reaction 
is either N,N-dimethylacetamide or 
diphenylsutfone, 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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1. X = -C-,- S02- ,-ClQr C- ,-C~C- , 

Y = F, CI, or N02 . 2. 
o 
II 

3. Z = bond, C, 0 , 502 ' C(CF 3)2 , or another group. 

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(CF3)2 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 conceming 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- 14BOB. 
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Metal-Ion Additives Reduce Thermal Expansion of Polyimides 
Reductions range from 11 to over 100 percent. 
Lang/ey 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 
10wCTE's. 

The CTE's of conventional polyimides 
range from 30 to 60 parts per million 
(ppm)rC. 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 
films 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 (TbCI3)' dysprosium 
(DyCI3), erbium (ErCI3)' and thulium 
(TmCI3)' 
• Other compounds that contain 
lanthanide metals, including holmium 
acetate [Ho(OOCCH3)3]. erbium N­
phenylphthalamate [Er(nppa)3J. and 
erbium acetylacetonate [Er(C5H702)3 
or Er(acac)31· 
• Other metal-ion-containing additives 
that resulted in reduced CTE's, includ­
ing tin chloride (SnCI2) and aluminum 
acetylacetonate [AI(C5H702131. 

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 DyCI3 to over 100 
percent with the addition of TmCI3 
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Polyimide AddiUve 

Made from 

polyamic acid None 

resin prepared TbCI3 

by reacUon of DyCI3 

diamine and ErCI3 
dian hydride TmCI3 

Commercial None 

soluble Ho (OOCCH3)3 

polyimide Er (nppa)3 

powder Er (acac)3 

(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 

Percent of 
AddiUve 

None 

11.3 

11.4 

11 .6 

11.6 
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13.4 

28.6 

17.3 

Coefficient of 
Thermal EKpanslon. 

ppml'C 

35.7 

20.5 

31 .5 

18.2 

- 23.4 

50.7 

38.9 

31.6 

26.4 

Additives 
That 
Contain 
Metal Ions 
reduce the 
coefficients 
of thermal 
expansion 
of 
polyimides. 

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 conceming 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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Computer Programs 
COSMIC: Transferring NASA Software 

COSMIC, NASA'S Computer Software Management and InfoonatJoo Center, diStributes software developed with 
NASA funding to 1Ildustly, othergovemment agMC1e5 and academia 

COSMIC's Irnentory IS updated regularly; new programs are reported In Tech Bnefs.For addrtJonallnfoonatJoo on 
8ITf of the programs descnbed here, write in the appropflate TSP number. 

H you don't find a program f(l this Issue that meets your needs, cal COSMIC d.rectIy for a free review of programs 
f(l your area of f(lterest. You can also purchase the annual COSMIC Software Catalog,oontainlng descnptJoos and 
ordering information for avwtable software. 

COSMIC is part of NASA's Technology Transfer Network. 

COSMIC® - John A Gibson, Director, 
Phone (706)542·3265; Ff'X (706) 542-4807 
The University of Georgia, 382 East Broad Street, 
Athens, Georg.a 30602 

Physical Sciences 

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

The SEAGULL computer program was 
originally developed to model intemal and 
extemal 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-

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. 

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. 

SigmaPlat· 
is now on Windows. 
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The product scientists 
use more than any 
other to prepare their 
graphs for publication. 

Truly designed for scientists 
Unlike business graphics packages, 
SigmaPlot was designed by scientists 
specifically for publication and pre­

sentation. SigmaPlot's 

A 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 to01box. 

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. 

andel Call for a free 
brochure: 

800-874-1888 
2591 Kerner Blvd., San Rafael, CA 94901 

415-453-6700 FAX 415-453-7769 

In Europe: Jandel Scientific, Schimmelbuschstrasse 25, 40699 Erlerath, Germany 02104/36098 02104/33110 (FA)() For International dealers call: Australia 2958 2688 
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01993, Jande] Corp. All companies and/ or product names are trademarks of their respective companies. 
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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. 
LEIN-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 com put -
ing the thermodynamic and transport 
properties of equilibrium air for temper­
atures from 100 to 30,000 K. EQAIRS 
computes these Qroperties at pressures 
from 10-4 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 

_ National 

nee ElectrostatiCS 
Corp. 

7540 Graber Rd., P.O. Box 820310 
Middleton, Wisconsin 53562-0310 
Tel. 6081831·7600 • Fax 6081256-4103 

total of six separate subroutines are avail­
able for use: (1) ENTHLPY (specific en­
thalpy); (2) SPECIFC (total specific heat 
at constant pressure) ; (3) COM PRES 
(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-

Contact NEC for detailed product 
specification sheets describing the 
models VI-I and VI-2. 

For More Information Write In No. 409 

NOTEBOOK 8.0 - Simply WindowsTM 

Exceptional ease-of-use has made LABTECH's 
data acquisition software an industry standard 
for over 13 years. And now, we've radically re­
engineered NOTEBOOK with a 100% true 
Windows look-and-feel. We've proven once 
again that LAB TECH stands as the undisputed 
leader in open-systems data acquisition 
applications software that, above all, is intuitive 
and easy to use. 

Start collecting data right away, with a few 
simple mouse clicks using dynamic dialog 
boxes, icon bars, and intelligent drag-and-drop 
features. Version 8's major advancements in 
functionality include: 

• Global parameter changes across I/O 
• High-speed DMA data streaming (To 1 MHz!) 
• Hierarchical icon grouping (You asked/or it!) 
• Drill-down layer navigation (Multiple views!) 
• Extensive, Windows-style on-line help 
• Multimedia support (It talks!) 
• Bitmap image support ... and more! 

NOTEBOOK automatically supports over 400 
popular data acquisition I/O boards and boxes, 
through the magic of LABTECH's new 
Universal Driver. No other data acquisition 
software is this open or offers device support 
this extensive. Period. 

With an installed base of over 30,000 
copies, NOTEBOOK is the original and 
still the best PC-based software for 
laboratory and test data acquisition, analysis 
and control. 

Call now to order your free evaluation copy! 

1-800-899-1612 
ask for extension 804 
LABTECH • 400 Research Drive' Wilmington. MA 01887 
Tel: (508) 657-5400 · FAX: (508) 658-9972 
Wmdows is a trademark of Microsoft Corporation 
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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. 
(13.34-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. EOAIRS 
was developed in 1991. 

-0 Machinery 

Program for Optimization 
of Nuclear Rocket Engines 
NOP predicts the minimum 
weight for a specified 
performance. 

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. 

A significant amount of time can be 
spent trying to estimate accurately the 
weight of a nuclear rocket engine to arrive LAR-14760 

You can ... with Exponent Graphics® for FORTRAN, C, and X - the only 
interactive graphics libraries that are both flexible and easy to use. 

"Exponent Graphics fills an 
open niche in the high-end 
scientific graphics domain." 
Matthew Witten, Sun World 

Exponent Graphics includes: 

• powerful , built-in interactive editing 
and customization tools 

• presentation-quality 2D and 3D graphs 
callable from FORTRAN, C , and X 

• utilizes various graphics accelerators 
for improved interactive performance 

• only two function calls to automati­
cally produce one of over 30 different 
plot types 

• nearly 300 attributes for modifying 
plot characteristics 

• CGM and many other device drivers 
included at no charge 

FORTRAN and C application 
development tools from 

~Visual Numerics ™ 

Houston· Boulder · London' Paris ' Stuttgart· Tokyo 

For more information or for a 30-day free trial , call 1-800-364-8880 or 
713-954-6785 . Fax 7 13-781-9260. International inqu iries will be forwarded to 
our subsidiaries . 

Supported on Sun Microsystems, Hewlett-Packar~. Silicon Graphics. IBM". and Digital Equipment'" computing platforms. 
Exponent Graphics for FORTRAN also available on Convex TM, and Cray systems. 

Visual Numerics. IMSL and Exponent Graphics are trademarks of Visual Numerics. Inc. All other brand or product names are trademarks of 
their respective owners. AD9458 
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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 
berylli um-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 readi ly 
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 36SK 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. 
(S.S9-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. It was updated to FOR­
TRAN 77 by James T Walton. For further 
information, write in 56 on the TSP Re­
quest Card. LEW-154 74 
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Mechanics 

Lever-Arm Pin Puller 
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 aU-shaped 

1 
HANDLE SECURED IN LOCKING 

SLOT IN COVER 

3 
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 

Lever 

2 
HANDLE TURNED TO RELEASE 

IT FROM LOCKING SLOT 

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 

4 
COVER RELEASED 

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. 
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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. 

Upper 
Pin 

Receptacle 
(Part of Hinge) 

Cover Upper 
Pin-Release 

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. 

COVER RETAINED BY UPPER AND LOWER PINS 

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 CaJtech 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. 

Lower 
Pin 

Retracted 

0 . ............ , , , , , 
\ 

\ 
\ 
\ 
\ 
I 
I 
I 
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t 

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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z Translation 
Stage 

Rotary Table 
(on x-y Translation 
Table, Under Tank) 

The System 
Translates 
the 
Transducer 
in zand ori­
ents it in a 
while the 
paraboloidal 
reflector is 
rotated. 

x-y Translation Table 

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-dir:nensional 
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 tums. 
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 injector in a gas-turbine engine would 
be enhanced by the use of appropriately 
proportioned twisted (instead of flat) 

dome swirl vanes. The resultant more 
nearly uniform fuel/air mixture would 
burn more efficiently, emitting smaller 
amounts of nitrogen oxides. Twisted­
vane high-shear airblast injectors could 
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also be incorporated into paint 
sprayers, where they would provide 
the advantages of both the low pressure 
drop characteristic of airblast injectors in 
general and the finer atomization of an 
advanced twisted-blade design. 

Two low-loss, highly turning twisted­
vane designs were selected and ana­
lyzed by use of techniques of compu­
tational fluid dynamics. Even prior to 
this analysis, it was known that in com­
parison with pressure/atomizing fuel 
injectors, high-shear airblast injectors 
produce better atomization and mixing, 
with smaller pressure drops. The perfor­
mances of the injectors depend upon the 
details of complicated three-dimensional 
flows, which had not been represented 
accurately in the approximate mathe­
matical models of one-dimensional, 
incompressible, inviscid flow used pre­
viously. 

To satisfy the need for greater accura­
cy, this analysis was divided into three 
stages of increasing complexity. In the 
first stage, an analysis based on one-di­
mensional, isentropic, compressible flow 
was performed to establish the basic 
design parameters. In the second stage, 
the vane-to-vane flow field was ana­
lyzed in two-dimensional, viscous/invis­
cid-interaction approximation. This 

(ill 
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stage yielded results that could be 
used to avoid separation of flow on the 
suction surfaces of the vanes, thereby 
minimizing the pressure drop, while 
maximizing swirl, maximizing the speed 
at the exit from the vanes, and obtain­
ing uniform exit-velocity profiles with 
high turning. 

In the third stage, the full three-dimen­
sional inviscid flow field was computed. 
The results of this stage of the analysis 
showed that desirable three-dimensional 
characteristics of the flow field could 
be enhanced by twisting the vanes. One 
such desirable characteristic includes 
secondary-flow vortices that would in­
crease turbulence and thereby enhance 
atomization (see figure). Another desir­
able characteristic is a radial compo­
nent of velocity that would increase the 
size of the recirculation zone and 
thereby produce a more-stable flame 
zone, with increased efficiency of com­
bustion and decreased emission of nitro­
genoxides. 

This work was done by H. Lee Nguyen 
of Lewis Research Center and Gerald 
J. Mick/ow and Anju S. Dogra of the Uni­
versity of Rorida. Further information may 
be found in NASA TM-103195 [N90-
25289J, "Effect of Vane Twist on the 
Performance of Dome Swirfers for Gas 
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Fixture for Compression-After-Impact Tests 
of Thin Specimens 
Tests give more-realistic measures of tolerance to damage. 
Marshall Space Flight Center; Alabama 

A special fixture holds a specimen of 
laminated composite material in a 20-
klb (89-kN) or larger load frame for a 
compression-atter-impact test. In prepa­
ration for such a test, the specimen is 
first damaged by dropping a weight on 
it at a known kinetic energy. During the 
test, the specimen is loaded in com­
pression, and the load is measured, until 
the specimen fails. The measurement 
data can be used to characterize the 
compressive strength of the specimen 
atter impact - an important indicator of 
the ability of structural components 
made of the composite material to tol­
erate damage. 

This fixture holds specimens that are 
long [7 in. (17.8 cm)] and wide [3 in. (7.6 
cm)] enough to contain the entire im­
pact-damaged regions. Specimens of 
the exact thicknesses of production parts 
can be tested on this fixture; typical thick-

Sleeve Slides 
Down and 
Encloses 

Fixture 

nesses range from 8 plies [0.04 in. (1 
mm)] to 16 plies [0.08 in. (2 mm)]. In con­
trast, older compression-atter-impact 
test fixtures are designed for much thick­
er (typically, 48-ply) specimens. Inasmuch 
as impact-damage characterist ics 
depend strongly on thickness, this abil­
ity to hold th inner specimens is ad­
vantageous in that the resulting test data 
are more nearly representative of the 
strengths of practical impact-damaged 
structural components. Also, inasmuch 
as the composite materials to be test­
ed are otten expensive and in short sup­
ply because they are still experimental, 
the ability to use thinner specimens can 
save time and money in the fabrication 
of the specimens. 

The fixture holds the specimen with 
its long axis oriented vertically (see figure). 
The upper and lower ends of the spec­
imen are covered with fiberglass tabs 

Sleeve 

Load· 
Alignmenl 
Block 

and placed between self-t ightening 
wedge grips. These grips apply the load 
in the form of relatively low shear stress­
es distributed across the gripped faces: 
end loading is eliminated, thereby pre­
venting failure via "brooming" of fibers 
of the composite material at the loaded 
ends. 

The gauge length of the specimen 
(between the end grips) is clamped be­
tween two aluminum plates to prevent 
buckling of the specimen under load. A 
cutout in the middle of each of these 
plates accommodates protruding fibers 
and other features of the impact dam­
age. The effect of the frictional force be­
tween these plates and the specimen 
(caused by straining of the specimen 
under load) has been found to be neg­
ligible in comparison with the effect of 
the applied compression load. 

To ensure valid test results, it is nec-

Load· 

This Fixture 
Holds a 
Specimen of 
impact-dam­
aged laminated 
composite 
material fo r 
compression 
testing. 

FIXTURE PARTLY DISASSEMBLED, 

FIXTURE PARTLY DISASSEMBLED WITH SLEEVE AND ANTlBUCKLING PLATES REMOVED 
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essary to orient the specimen property with respect to the applied 
load. Proper orientation is especially important for unidirection­
al-fiber composites, because they are highly sensitive to loads 
that are not aligned along the fibers. The only major disadvan­
tage of the fixture is that, as a result of this requirement, position­
ing of the specimen in the fixture can be time consuming. It is 
also important to take care to ensure that the aluminum antibuck­
ling plates are clamped on snugly. 

This work was done by Alan T. Nettles, Andrew J. Hodge, 
and David G. Lance of Marshall Space Flight Center. For fur­
ther information, write in 76 on the TSP Request Card. 
MFS-28735 

Changing Stiffnesses of 
Truss Members for 
Vibration Tests 
The effective stiffnesses of active members would 
be changed to excite different vibrational modes. 
NASA's Jet Propulsion Laboratory, 
Pasadena, California 

An extension of the active-member method of vibration 
testing of trusses and similar structures has been proposed 
to obtain additional data for refinement of finite-element 
mathematical models of the vibrational properties of the 
structures. According to the proposal, active truss members 
(in conjunction with suitable control systems) would not only 
be used in vibration tests to excite and measure vibrations of 
the structures, but would also be made to have different 
effective stiffnesses in some tests: thus, the structures would 
be effectively modified, enabling the excitation of different 
vibrational modes that would yield additional data. 

Aspects of the active-member method of vibration testing 
were described previously in several articles in NASA Tech 
Briefs including "Two Techniques for Suppressing Vibrations 
in Structures" (NPO- 17889), Vol. 15, No. 12 (December 
1991), page 60; "Active Suppression of Vibra-tions in a 
Truss" (NPO-18305), Vol. 16 No. 10, (October 1992). page 88; 
and "Active Members Excite and Measure Vibrations in 
Trusses" (NPO-18353), Vol. 17 No. 6 (June 1993), page 95. 
Heretofore, a typical test has involved measurement of a lim­
ited number of modes that are regarded as the best (accord­
ing to some quantitative or semiquantitative criterion) avail­
able in the structure. Then analytical sensitivity coefficients 
have been developed, and a least-squares technique has 
been used to modify the mathematical model of the structure 
to fit the measurement data best. The inadequacy of this 
method and the need for the proposed extension arise from 
the fact that the number of parameters of the model typically 
far exceeds the number of data obtained in the test. 

The proposed extended test method would yield more and 
better data. As the number of active members increases, the 
number of permutations of them would grow exponentially, 
so that many more data could be obtained. Thus, statistically, 
the data would yield better estimates of the dynamical char­
acteristics of the structure. In addition, the sensitivity coef­
ficients previously determined by analysis could be measured 
directly in experiments; the change in the frequency or shape 
of a vibrational mode could be measured directly as the stiff­
ness of each active member is modified. The information thus 
obtained might also be useful in inferring the sensitivity coeffi ­
cients of the inactive members. Similarly, the damping and 

NASA Tech Briefs. April 1994 

Find out how 3M 
can keep your harness 

out of hot water. 
Call (800)328-0016 ext57. 

3M Electrical Specialties Division 

3NI Practicality 

Flexible Thermofoil'M 
Heaters 

Aero pace • Medical in trumentation 
Commercial appliance • Proce sing equipment 

FUNCTION 

Put heat where you need it. Etched-foil heaters offer more power for 
fa ter warmup, greater uniformity, and unlimited de ign options. 
• Kapton, silicone rubber, polyester, 

and mica in ulation for use as 
high a ll OO°F C593°C) 

• Power ratings to 110 W/in', 
uniform or promed 

• UL, ASA approvals 
• Integral sensors; complete as emblies 

7300 Commerce Ln. 
Minneapolis, M N 
55432·3177 USA MINCO 

P RO D UC T S, IN C. 

Phn: 6121571-3121 
Telex : 687-9025 
FAX: 6121571-0927 

For More Infonnation Write In No. 415 67 



effective-mass parameters of the 
structure could be changed, and sen­
sitivity modal and response information 
could be developed to help update the 

mathematical model. 
This work was done by Ben K. 

Wada of Ca/tech for NASA's Jet 
Propu ls ion Laboratory. For further 

information, write in 60 on the TSP 
Request Card. 
NPO-18907 

Opposed Bellows Would Expel Contents of Tank 
Four bellows would offer greater stability. 
Lyndon B. Johnson Space Center, Houston, Texas 

A proposed storage tank would con­
tain two pairs of opposed bellows that 
would be used to expel its contents. The 
storage and expulsion volumes of this 
tank would be the same as those of an 
older version of the tank equipped with 
a single bellows. Because each bellows 
in this tank would have one-fourth the 
length and one-fourth the weight of the 
single bellows in the older tank, the nat­
ural vibrational frequency and the insta­
bility pressure of this tank would be 4 
and 16 times, respectively, those of the 
older tank. Therefore, this tank would be 
less vulnerable to vibrations. 

The bellows would be arranged so that 
fluid would be stored in expansion 
spaces between them (see figure). When 
the bellows were pressurized with a gas, 
they would compress the fluid between 
them, driving the fluid from the tank. Con­
ceived for storage and discharge of flu­
ids in outer space, both the single- and 
the opposed-bellows tanks might also 
be useful in terrestrial applications in 
which gravitation cannot be depended 
on to draw liquids from tanks. Such appli­
cations could include automobile cooling 
systems and gasoline-powered tools like 
chain saws and leaf blowers. 

This work was done by Willie Whitak­
er of McDonnell Doug/as Corp. for John­
son Space Center. For further informa­
tion, write in 41 on the TSP Request 
Card. 
MSC-22050 

Two Pairs of Bellows would be pressur­
ized to expand them, thereby expelling 
the fluid outside them but inside the tank. 
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Simple Creep Test for Ceramic Fibers 
Degree of relaxation of the bend stress is determined from radii of curvature. 
Lewis Research Center, Cleveland, Ohio 

A simple bend-stress-relaxation test 
yields information on the creep-related 
properties of polycrystaJline ceramic fibers. 
Determination of these properties is an 
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important part of efforts to develop ce­
ramic composite materials that retain 
mechanical strength and resistance to 
creep at high temperatures. Creep can 

be measured under tensile loading, but 
it is especially difficult and expensive to 
perform tensile tests on thin ceramic fi­
bers, which are often degraded in air at 
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high temperatures and can be easily fractured by handling or the 
application of stress and strain sensors. The present test can mea­
sure the effects of time, temperature, and applied strain on the 
creep-related relaxation of bend stress in a ceramic fiber of almost 
any diameter in almost any environment, without the need for con­
tact sensors. 

The first step of this test is to impose an elastic bend strain on an 
initially straight fiber. In the simplest version of the test, this is done 
by tying the fiber into a loop (see figure). The loop is heated to the 
specified test temperature and held there for the specified test time, 
then cooled to room temperature. The diameter of the loop is 
measured; then the applied strain is removed by breaking the loop 
at one point 

If the fiber has remained completely elastic during the heat 
treatment, then it straightens out completely when the loop is bro­
ken. However, if there has been any relaxation of bend stress as 
a result of creep, the fiber retains a curvature when the loop is bro­
ken. The radius of this curvature is measured. Starting from basic 
relationships between elastic stress and strain, it can be shown 
that for a polycrystailine ceramic fiber, the ratio between the final and 
initial stresses at the test temperature is 

1- Ro 
Ra 

where Ro is the radius of the loop and Ra is the radius of curva­
ture after the loop is broken. This ratio is essentially the fraction of 
initial stress that remains after the heat treatment; in principle, it 
depends only on time and temperature, and is a direct measure 
of the ability of the material to resist creep at high temperature: 
It can be used, for example, to evaluate and rank creep resistance 
for various fiber types or to monitor prcessing improvements in a 
single fiber type. 

In practice, available fibers may be too short to be tied into 
loops. In that case, fibers can be bent in jigs, as shown at the right 
side of the figure: a fiber to be tested in air can be bent between 
alumina rods of suitable diameter or bent by insertion in a curved 
alumina tube. A fiber to be tested in a nonoxidizing environment 
(e.g., vacuum or argon gas) can be bent in a rod-and-groove 
graphite jig. 

This work was done by James A DiCalfo of Lewis Research 
Center and Gregory N. Morscher of Case Western Reserve 
University. For further information, write in 24 on the TSP Request 
Card. LEW-15523 
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Machinery 

Inchworm Actuator 
This actuator would serve as an active truss member. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

A proposed inchworm actuator could 
be used as an active truss member, the 
length of which could be varied slowly to 
change the configuration of the truss rap­
idly or to counteract vibrations. The over­
all stroke of the actuator could range from 
about 3 cm at a frequency of 1 Hz down 
to 0.002 cm at a frequency of 1 kHz. The 
length of the stroke could be controlled 
with an accuracy of 0.0001 cm. 

The inchworm actuator would incor­
porate three piezoelectric actuators (see 
figure). The upper and lower piezoelec­
tric actuators would unlock normally 
locked clutches. The middle piezoelectric 
actuator would enforce small variations 
of the distance between the clutches. 

Belleville washers would apply a com­
pression preload to the piezoelectric ac­
tuators and the clutches, isolating the 
piezoelectric devices from tensile stress 
and keeping the clutches normally 
locked so that they would maintain the 
overall length of the actuator without 
power. A bearing would position the 
actuator piston laterally in the cylinder. 
Usually, at least one of the clutches 
would remain locked. This would pre­
vent the piston from rotating in the cylin­
der. Flexible couplings and tripod piston 
supports in the clutches would accom­
modate misalignments and fabrication 
tolerances when the clutch was locked, 
any bending loads on the piston would 
be carried primarily through a direct load 
path to the cylinder, and only a fraction 
of the bending load would be carried 
through the piezoelectric devices. The 
use of the clutch as a lateral support for 
the piston would also reduce the clutch 
stroke needed to accommodate fabrica-

SEcnON A-A 
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tion tolerances in the clutch interfaces. 
This work was done by Robert M. 

Bamford of Caitech for NASA's Jet 
Propulsion Laboratory. For further in-

Piston 

Piezoelectric 
Actuator of 
Upper Clutch 

Cylinder 

Flexible 
Coupling 

Middle 
Piezoelectric 
Actuator 

Belleville 
Spring 
Washers 

This Inchworm 
Actuator would 
hold its position 
(that is, it would 
neither extend 
nor retract) when 
electrical energy 
was not supplied. 
The maximum 
end-to-end stroke 
(extension or 
retraction of the 
piston with 
respect to the 
cylinder) would 
be 3 cm. 

formation, write in 104 on the TSP Re­
quest Card. 
NPO-18917 

Self-Reconfigurable Two-Arm Manipulator With Bracing 
Structure can be altered dynamically to suit changing tasks. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

A proposed two-arm robotic manip­
ulator would be capable of changing 
its mechanical structure to fit a given 
task. Heretofore , the structures of 
reconfigurable robots have been 
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changed by replacement and/or 
reassembly of modular links. In the pro­
posed manipulator, there would be no 
reassembly or replacement in the con­
ventional sense: instead, the arms would 

be commanded during operation to 
assume any of a number of altemative 
configurations, which were described 
briefly in "Dynamic Coordination of a 
Two-Arm Robotic Manipulator" (NPO-

NASA Tech Briefs, April 1994 
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Alternative Structures of Cooperating Manipulator Arms can be selected to suit changing tasks. 

18816), NASA Tech Briefs, Vol. 18, No. 
1 (January 1994), page 75. 

The configurations (see figure) are 
generally classified as follows: (1) serial 
structure, in which the base of arm 1 is 
stationary, the tip of arm 1 holds the 
base of arm 2, and the tip of arm 2 
holds the manipulated object; (2) parallel 
structure, in which the bases of both 
arms are stationary and the tips of 
both arms make contact with the 
manipulated object at two different 
points; and (3) the bracing structure, in 
which the bases of both arms are sta­
tionary and the tip of arm 2 grasps 
some intermediate point along the 
length of arm 1. The serial and parallel 
structures can be regarded as special 
cases of the bracing structure. Option­
ally, each configuration could involve 
locking of one or more joints of either 
or both arms, and the bracing contact 
between the two arms could be at a 
fixed position of arm 1 or else allowed 
to slide along a link of arm 1 . 

The performances of the various 
configurations can be quantified in 
terms of quantities called "dual-arm 
manipulabilities," and "dual-arm re­
sistivities." Dual-arm manipulabilities 
are defined on the basis of kinematic 
and dynamic constraints; dual-arm 
resistivities are defined on the basis of 
static-force constraints. These quanti­
ties serve as measures of how well 
such dextrous-bracing actions as relo­
cation of the bracing point, sliding con­
tact, and locking of jOints affect the 
ability of the dual-arm manipulator to gen­
erate motions and to apply static 
forces. 

Theoretical study and computer sim­
ulation have shown that dextrous brac-

NASA Tech Briefs, April 1994 

ments of changing tasks. ing yields performance characteristics 
that vary continuously and widely as 
the bracing point is moved along the 
braced arm. In general, performance 
characteristics lie between those of the 
serial and parallel structures. Thus, one 
can select configurations dynamically, 
according to their performance charact­
eristics, to suit the changing require-

This work was done by Sukhan Lee 
and Sungbok Kim of Caltech for 
NASA's Jet Propulsion Laboratory. 
For further information, write in 103 on 
the TSP Request Card. 
NPO-18815 
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Centrifugal Liquid/Gas Separator With Phase Detectors 
Each pure phase (liquid or gas) at its assigned outlet is detected acoustically. 

Lewis Research Center, Cleveland, Ohio 

A centrifugal liquid/gas separator that 
includes phase (liquid or gas) detectors 
helps ensure the exclusiveness of each 
phase at its assigned outlet (see figure). 
It is desirable to ensure the exclusive­
ness of the phases at the outlets 
because, for example, (1) residual liquid 
(which is not meant to be vented) could 
be vented along with an outlet flow of 
gas in which the liquid is entrained, (2) 
drops of liquid entrained in an outlet flow 
of gas could damage a gas compressor 
downstream of the gas outlet, or (3) 
residual bubbles of gas entrained in an 
outlet flow of liquid could cause vapor 
lock in a liquid pump downstream of the 
liquid outlet. 

The liquid/gas mixture enters the pres­
ent centrifugal separator along a station­
ary conduit. An inlet guide vane directs 
the incoming flow radially outward into 
the space between two rotary disks con­
nected via spokes to a drive shaft that is, 
in turn, driven by a motor. The rotation of 
the disks is communicated to the liquid/ 
gas mixture, providing the centrifugal ef­
fect that drives the liquid radially outward 
relative to bubbles of gas. 

The centrifuged liquid enters a sta­
tionary toroidal manifold via an orifice 
near the periphery of the disks. An 
acoustic transmitter and receiver 
mounted on the manifold adjacent to the 
orifice and operating in conjunction with 
external circuitry (not shown) measure 
the speed of sound of the intervening 
medium; when the speed of sound is 
that of the liquid (indicating solely liquid 
at the orifice), the external Circuitry opens 
a valve to let the liquid pass from the 
toroidal manifold into the discharge pipe 
for liquid. 

The bubbles of separated gas are col­
lected in a stationary gas-collection cham­
ber that is located on the axis of rotation 
and that is supported by stationary spokes 
(not shown) connected to the toroidal 
manifold. Another acoustic transmitter/re­
ceiver apparatus measures the speed of 
sound at the inlet to the gas-collection 
chamber; when the speed of sound is 

SEcnONA·A r,:---------, 

Disk 

that of only gas, a valve between the gas­
collection chamber and the discharge 
pipe for gas is opened to allow the gas 
to flow out. 

This work was done by Steven J. 
Schneider of Lewis Research Center. 
For further information, write in 72 on 
the TSP Request Card. 
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Acoustic 
Sensors in this 
centrifugal 
liquid/gas sepa­
rator measure 
the speeds of 
sound in nomi· 
nally pure liquid 
and nominally 
pure gas at the 
liquid and gas 
outlets respec­
tively. When the 
speed of sound 
is that of the 
pure liquid or 
gas, a valve is 
opened to let 
the liquid or gas 
flow out. 

This invention has been patented by 
NASA (u. S. Patent No.4, 911 ,738). In­
quiries concerning nonexclusive or ex­
clusive license for its commercial devel­
opment should be addressed to the 
Patent Counsel, Lewis Research Center 
{see page 22]. 
Refer to LEW-14844. 

Straddle Design of Spiral Bevel and Hypoid Gears 
Lengths and radii of shafts can be chosen to prevent undercutting. 
Lewis Research Center, Cleveland, Ohio 

A computer-assisted method of 
analysis of straddle designs for spiral 
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bevel and hypoid gears helps to pre­
vent undercutting of gear shafts during 

cutting of the gear teeth. Figure 1 illus­
trates a spiral bevel gear of straddle 
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design, in which the shaft extends from 
both ends of the toothed surface to 
provide double bearing support. One 
major problem in such a design is to 
choose the length and radius of the 
shaft at the narrow end (equivalently, 
the radial coordinate r and axial coordi­
nate u) such that the head cutter that 
generates the gear teeth does not col­
lide with , and thereby undercut, the 
shaft. 

The analytical method and computer 
program are based on the equations 
for the surface traced out by the 
motion of the head cutter, the equation 
for the cylindrical surface of the shaft, 
and the equations that express the 
relationships among the coordinate 
systems fixed to the various com­
ponents of the gear-cutting machine 
tool and to the gear. The location of a 
collision between the shaft and the cut­
ter is defined as the vector that si­
multaneously satisfies the equations for 
head-cutter-traced and shaft surfaces. 
The solution of these equations yields 
the u and r coordinates of the point of 
collision. 

Given input parameters in the form 
of the basic machine-tool settings for 

Figure 1. A Straddle-Design Spiral Bevel 
Gear includes two integral shaft extensions, 
one of which could terminate near or even 
beyond the apex of the pitch cone. 

cutting the gear, the computer pro­
gram finds numerical values of rand u 
at a representative large number of 
pOints along the path of the cutter. 
These computations yield a family of 
closed curves (see Figure 2) that are 
the loci of collision points. The region 
below the curves is free of collisions: 
thus, it contains the values of rand u 
that can be chosen by the designer to 
avoid collisions between the shaft and 
the head cutter. 
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Figure 2. The Family of Closed Curves ap­
plicable to an example hypoid gear helps the 
designer to choose the length and radius of 
the shaft at the narrow end: the region below 
the curves is free of collisions between the 
head cutter and the shaft. 

This work was done by Robert F. 
Handschuh of the U.S. Army Aviation 
Systems Command; Faydor L. Litvin, 
Chihping Kuan, and Jonathan Kieffer of 
the University of Illinois at Chicago; and 
Robert Bossler of Lucas Western, Inc., 
for Lewis Research Center. For fur­
ther information, write in 42 on the 
TSP Request Card. 
LEW-15744 
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Fabrication Technology 

Making Precise Antenna Reflectors for Millimeter Wavelengths 
Machinable surface layers are supported by rigid, lightweight structures. 
Lewis Research Center, Cleveland, Ohio 

In an improved method of fabrication 
of precise, lightweight antenna reflec­
tors for mill imeter wavelengths, the 
required precise contours of the reflect­
ing surfaces are obtained by computer 
numericaily controlled machining of sur­
face layers that have been bonded to 
lightweight, rigid structures. The achiev­
able precision is greater than that of an 
older, more-expensive fabrication method 
that involves multiple steps of low- and 
high-temperature molding, in which 
some accuracy is lost at each step. 

An antenna reflector with a diame­
ter of 2.7 m and a root-mean-square 
deviation of 0.015 mm from a desired 
paraboloidal surface was fabricated by 
this method. The supporting structure 
included a frame made of thin-gauge 
stainless-steel channels. On this frame, 
flat panels of stainless-steel honeycomb 
sandwich were mounted to form an 
approximately paraboloidal surface. 
Panels of polyurethane foam were adhe­
sively bonded to the honeycomb pan­
els (see figure). The polyurethane was 
then machined under computer con­
trol to roughly the final contour. 

Fiberglass cloth was bonded to the 
polyurethane to provide a firm founda­
tion for a thin surface layer of filled epoxy. 
This surface layer was machined to the 
final contour; then a reflective film of alu­
minum 2,000 A thick was vacuum-de­
posited on it. (The layer of fiberglass 
cloth helped to prevent outgassing from 
the polyurethane during the vacuum de­
position.) The aluminum was covered with 
a layer of silicon dioxide 500 A thick to 
prevent oxidation. 

This work was done by G. Richard 
Sharp and Joyce S. Wanhainen of Lewis 
Research Center and Dean A. Ketelsen 
of the University of Arizona. Further in­
formation may be found in NASA TP-
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3078 [N91-21183], ':.4 New Fabrication 
Method for Precision Antenna Reflectors 
for Space Flight and Ground Test. " 

Copies may be purchased [prepay­
ment required] from the National T ech-

nical Information Service, Springfield, 
Virginia 22161, Telephone No. (703) 487-
4650. Rush orders may be placed for 
an extra fee by calling (800) 336-4700. 
LEVV-15490 

Flexible Heating Head 
An induction heating coil conforms to curved surfaces. 
Langley Research Center, Hampton, Virginia 

The United States Air Force is 
investigating a method of repairing air­
craft by use of adhesive bonding with 
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induction heating to cure the adhesive. 
A fast-acting and reliable induction 
heating device that is lightweight, 

portable, and easy to use is needed 
for such applications. The device must 
be able to generate heat reliably and 
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Figure 1. The Toroid Joining Gun concentrates heat in local areas 
through induction heating 

Figure 2. The Flexible Heating Head can generate high tempera­
tures evenly over large, curved surfaces. 

effectively under all weather conditions. 
The device must be capable of heat­
ing bond surfaces up to a temperature 
of 600°F (about 300°C) over areas up 
to 18 in. (about 46 cm) in diameter. In 
addition, heat must be generated 
evenly throughout a curved as well as 
a flat bond surface. 

The induction heating devices used 
heretofore include heating heads with 
rigid magnetic cores that focus the 
heat-generating alternating magnetic 
fluxes to specific areas. Because they 
are rigid, the cores cannot conform to 
curved surfaces; as a result, curved 
surfaces are heated unevenly. In addi­
tion, the weights of these heating 
heads [up to 20 Ib (about 9 kg) each] 
make them awkward to operate. 

A newly developed flexible heating 
head is lightweight and can conform 
to complex, curved surfaces. The flex­
ible heating head incorporates the prin­
ciples and circuitry of the toroid joining 
gun (shown in Figure 1), which was 
described in "Toroid Joining Gun for 
Fittings and Couplings" (LA.R-14278), 
NASA Tech Briefs, Vol. 16, No. 12 
(December 1992), page 77. The toroid 
joining gun can concentrate heat in a 
local area through induction heating. 
The flexible heating head (shown in 
Figure 2) contains a tank circuit, which 
is connected via a cable to a source of 
power. The inductive coil of the tank 
circuit is wound in a flat "pancake" 
manner. The cable is 12 ft (3.7 m) 
long, and the coil is 9 in. (23 cm) in 
diameter. The coil is completely encap­
sulated in a high-temperature-resis­
tant, flexible material so that a coat of 
this material 1,.{J in (3.2 mm) thick cov­
ers the coil completely. 

The coat protects the coil from 
heat generated in the bonding sur-
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face and ensures that when the heat­
ing head is placed on an uneven sur­
face, all windings remain equidistant 
from the surface. The two ends of the 
coil extend from the head and are 
attached to a capacitor, which com­
pletes the tank circuit. The flexible heat­
ing head weighs about 4 Ib (1.8 kg). 

When the tank circuit is connected 
to an Inductron Corp. Torobonder T-
4000 power supply, approximately 

2,000 watts of power are produced 
by the heating coil. When the flexible 
heating head is placed against a 
magnetic surface (susceptor), enough 
heat is generated to cure adhesive 
bonds over large areas in a single 
operation. The flexible heating head can 
conform to complex shapes common 
to aircraft structures; for example, 
windscreens and wing surfaces. 

This flexible heating head is por-
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table and provides rapid, reliable heat­
ing in any environment. It is well suit­
ed for flight-line and depot mainte­
nance, battlefield repairs, and aircraft 
or automotive assembly lines. 

This work was done by Robert L. 
Fox and Samuel D. Johnson of 

Langley Research Center and 
Robert H. Coultrip and W. Morris 
Phillips of Inductron Corp. No further 
documentation is available. 

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, Langley Research 
Center [see page 22]. 
Refer to LAR-14418. 

Improved Slip Casting of Ceramic Models 
Wet shell molds can be peeled off models to ensure precise and undamaged details. 
Langley Research Center, Hampton, Virginia 

An improved technique of invest­
ment slip casting has been developed 
for making precise ceramic wind-tun­
nel models. Precise models are need­
ed in wind-tunnel experiments to veri­
fy predictions of aerothermodynami­
cal computer codes. Ceramic materi­
als are used for these models because 
of their low heat conductivities and 
ability to survive high temperatures. 

Slip-casting techniques for the fabri­
cation of such models were developed 
at NASA Langley Research Center in 
the 1960's. These techniques provide 
the capability for net-form, precise cast­
ing of highly pure ceramic materials from 
aqueous solutions. The present 
improved slip- casting technique 
enables the casting of highly detailed 
models from aqueous or nonaqueous 
solutions. 

In older slip-casting techniques, 
block or flask molds made of plaster 
of paris are used to draw liquid from 
the slip material. Upon setting, parts 
are removed from the flask molds and 
cured in kilns at high temperatures. 
Casting detail is usually limited with 
this technique because the molded 
parts are extremely delicate in the 
uncured state, and flask molds are 
inflexible, so that detailed parts are 
frequently damaged upon separation 
from flask molds. Ceramic surfaces 
are also marred by "parting lines" 
caused by separation of molds. This 
can adversely affect the aerodynamic 
qualities of surfaces as well. 

The present technique involves the 
innovative use of a material that was 
intended originally for use in flask mold­
ing of nonferrous metals. The material, 
R&R 909 Investment1M

, is a calcium sul­
phate-bonded investment compound 
that contains silica, fiberglass, and other 
specially graded refractory materials. 
This material has been found to draw 
liquid from aqueous slips, similarly to 
plaster of paris. Also, in its cured state, 
this mold material draws liquid from 
nonaqueous slips as well, inasmuch as 
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These Cast Ceramic Models, made with the improved investment slip-casting technique, 
were tested in wind tunnels at Langley Research Center. 

the material does not contain water as 
does typical plaster. 

In the present technique, the invest­
ment material is applied as a stucco, 
or shell mold. This material withstands 
much higher temperatures than plaster 
does. It also becomes weak when wet­
ted, and its behavior in this regard is 
the opposite of that of plaster. By 
unconventional use of this material, as 
both a shell mold (as opposed to a 
flask mold) and for slip casting of 
ceramics (instead of nonferrous met­
als), the desired castings are achieved. 

A typical casting procedure begins 
with the use of a lost-wax technique 
to create a shell mold. The investment 
compound is then applied to the wax 
pattem, dried, and cured to vaporize the 
wax from the mold. The mold is then 
cooled to room temperature and used 
for slip casting. While still wet, the 
investment-compound shell can be 
peeled off the molded part to free 
such delicate details as nose tips, fins, 
or wing lets. 

The technique enables casting of 
complete, precise models with details 

(see figure). The models do not have 
parting lines or surface impurities 
caused by separation of or from molds. 
While developed to fabricate models 
for wind-tunnel tests, the technique can 
also be used to cast complex parts in a 
precise manner. For example, the tech­
nique has been used at NASA Langley 
Research Center to form supercon­
ducting ceramic components from 
nonaqueous slip solutions. The tech­
nique will have many more applications 
when ceramic materials are developed 
further for such high-strength/ temper­
ature components as engine parts. 

This work was done by Gregory M. 
Buck, Peter Vasquez, and Lana P. 
Hicks of Langley Research Center. 
For further information, write in 107 
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, Langley Research 
Center [see page 22}. 
Refer to LAR-14471. 
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Mathematics and 
Information Sciences 

Algorithm for Integer Cosine Transforms 
Computation is simpler than it is for discrete cosine transforms. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

M algorithm computes the coefficients 
of integer cosine transforms, which con­
tain only integer coefficients approximate­
ly proportional to the floating-point coef­
ficients of discrete cosine transforms. Used 
in compression of image data in blocks 
of N x N pixels, discrete cosine trans­
forms involve large amounts of compu­
tation, typically amounting to 80 percent of 
the computational load in a data-com­
pression scheme. In constructing integer 
approximations, the competing require­
ments are to obtain data-compression and 
data-decompression performances com­
parable to those of the corresponding 
discrete cosine transforms while taking 
advantage of the simplicity afforded by 
integer arithmetic to reduce the com­
plexity and amount of computation. 

The coefficients of an N x N discrete 
cosine transform constitute an N x N 
matrix A = [akn1 that is orthonormal ; that 
is Mt = I (where I is the identity matrix 
and t denotes transpose). The elements 
of A are given by 

{

iN whenk=OandOsnSN-1 

or 

8kn = 1l(2n + 1)k 
{lcos ~ when 1 sksN - 1 

andOSnSN- 1 

Similarly, the coefficients of a correspond­
ing N x N integer cosine transform con­
stitute a matrix e = [Ckn], which is ortho­
gonal (but not orthonormal); that is, cet 
= t1, where t1 is a diagonal matrix. C is re­
quired to have the following three ad­
ditional properties: 
1.The integer property: ckn are integers 

for 0 :=; k, n :=; N - 1 . 
2.The orthogonality property: Rows (or 

columns) of e are orthogonal to each 
other. 

integer cosine transform. Although e is 
required to be orthogonal (but not ortho­
normal), it can be made orthonormal by 
multiplying it by an appropriate diagonal 
matrix. This operation can be incorporat­
ed in the quantization (or dequantization) 
stage of the compression (or decompres­
sion), thus sparing the integer cosine trans­
form or its inverse from floating-point arith­
metic operations. The relationship between 
integer and discrete cosine transforms 
guarantees efficient energy packing and 
allows the use of any fast discrete-co­
sine-transform technique in implement­
ing the integer cosine transform. 

The algorithm, which computes C ac­
cording to the foregoing requirements, 
includes the following steps (see figure) : 
1.Generate the N x N discrete cosine 

transform matrix A. 
2.Construct an N x N matrix a (as a pre-

0.354 0.354 0.354 0.354 0.354 
0.490 0.416 0.278 0.098 -0.098 
0.462 0.191 -0.191 -0.462 -0.462 
0.416 -0.098 -0.49 -0.278 0.278 
0.354 -0.354 -0.354 0.354 0.354 
0.278 - 0.49 0.098 0.416 -0.416 
0.191 -0.462 0.462 -0.191 -0.191 
0.098 -0.278 0.416 -0.49 0.49 

1 1 1 
a b c d -d -c 

e -f -e -e -f 
b -d -a -c c a 
1 -1 -1 1 1 -1 
c -a d b -b -d 

-e e -f -f e 
d -c b -a a -b 

1 
5 3 2 1 -1 -2 
3 1 -1 -3 - 3 -1 
3 -1 -5 -2 2 5 
1 -1 -1 1 1 -1 
2 -5 3 -3 -1 
1 -3 3 -1 -1 3 
1 -2 3 -5 5 -3 

1 

cursor to C) by substituting the N pos­
sible absolute values in A with N sym­
bols, and preserve the signs of the ele­
ments inA. 

3.Evaluate aat, and generate a set of 
independent algebraic equations that 
force aat to be a diagonal matrix. 

4.Find a set of N numbers that satiSfy 
the set of algebraic equations gener­
ated in step 3. 
The number of independent equa­

tions that must be solved in step 4 can 
be reduced substantially by setting the 
most-frequently-occurring symbol in a 
equal to an integer like 1 or 2. The equa­
tions can be generated and solved con­
veniently by use of a symbolic-manipu­
lation computer program like Mathematica 
(or equivalent) . In order to obtain good 
compression performance, the set of N 
- 1 integers that constitute the re-

0.354 0.354 0.354 Coefficients of 8 x 8 
Discrete Cosine 
Transform (Matrix A) 

-0.278 -0.416 -0.490 
-0.191 0.191 0.462 

0.49 0.098 -0.416 
- 0.354 -0.354 0.354 
-0.098 0.490 -0.278 

0.462 -0.462 0.191 
-0.416 0.278 -0.098 

1 Matrix B, Showing 

-b -a 
Structure of Integer-
Cosine-Transform 

f e Matrix 
d -b 

-1 
a -c 

-e 
c -d 

Coefficients of an 

-3 -5 
Integer COSine 

3 
Transform (Matrix C) 

1 -3 
-1 

5 -2 
-3 

2 -1 

Coefficients of 

3.Relationship with the discrete cosine 
transform: 
(a)sgn(ckn) =sgn(akn)forO :=;k,n :=; N-1 . 
(b) If akn = ast, then ckn = Cst for O:=; k, 

4 2 2 0 0 - 2 · - 2 -4 
Another Integer 
Cosine Transform 

n, s, t :=; N -1 . 
The integer property eliminates the 

need for many multiplications and addi­
tions in computing the transform. The 
orthogonality property ensures that the 
inverse integer cosine transform has the 
same transform structure as does the 
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4 2 -2 -4 - 4 - 2 2 4 (a Binary-
2 0 -4 -2 2 4 0 -2 Multiplication-
1 -1 -1 1 -1 -1 Free Version 
2 -4 0 2 - 2 0 4 - 2 of Matrix C) 
2 -4 4 -2 - 2 4 -4 2 
0 -2 2 - 4 4 - 2 2 0 

These Matrices Are Generated by the integer-eosine-transform algorithm. 

77 



maining solutions of the equations must 
have a magnitude profile similar to that 
of the corresponding N - 1 floating­
point elements of A. Furthermore, if a 
multiplication-free property is desired in 
binary representation, the set of N inte­
gers must be restricted to powers of 2. 
Some ad hoc techniques are usually 
needed to simplify the calculations of 

these integers. The results of computer 
simulations for N = 16 show that the 
performance of the integral cosine trans­
forms implemented by this algorithm are 
comparable (in terms of mean-square 
error as a function of the number of bits 
per pixeQ to the performance of the dis­
crete cosine transform. 

This work was done by Fabrizjo Pol-

lara, Kar-Ming Cheung, and Mehrdad 
Shahshahani of Caltech for NASA's Jet 
Propulsion Laboratory. For further in­
formation, write in 44 on the TSP Re­
quest card. 
NPO-18564 

Neural Network Classifies Teleoperation Data 
The neural network identifies phases of tasks. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

A prototype artificial neural network, 
implemented in software, identifies 
phases of telemanipulator tasks in real 
time by analyzing feedback signals from 
force sensors on the manipulator hand. 
This prototype is an early, subsystem­
level product of a continuing effort to 
develop an automated system that 
assists in training and supervising the 
human control operator: the system 
would provide symbolic feedback (e.g., 
warnings of impending collisions or 
evaluations of performance) to the 
operator in real time during successive 
executions of the same task. Such an 
automated supervisory system could 
also simplify the transition between the 
teleoperation and autonomous modes 
of a telerobotic system. 

The prototype artificial neural network 
(see Figure 1) is based partly on the 
concept of the time-delay neural net­
work, which involves preprocessing of 
a temporal sequence of input signals 
through a shift register to turn it into a 
temporal sequence of spatially arrayed 
input signals. A basic time-delay neural 
network contains only feedforward con­
nections and does not exhibit adequate 
learning accuracy because it lacks an 
adequate temporal representation of 
the evolution of a task. To obtain bet­
ter representation of the evolution of a 
task, the network is made partially 
recurrent by adding some connections 
from output nodes to nodes called "con­
text units" that are located in the input 
layer of neurons. The context units rep­
resent the previous state of the neural 
network, which state, in turn, represents 
the task phase executed previously. 

The network was trained by use of a 
back-propagation algorithm and training 
data from experimental teleoperation tasks 
in which a remote manipulator with a hand 
instrumented to measure forces and 
torques was controlled by the human 
operator via a force-refl ecting hand 
controller and remote video monitoring 
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Figure 1. A Partially Recurrent Time-Delay Neural Network with fixed connections 
can be trained to monitor the evolution of a task by identifying patterns in the force­
vs. -time data that represent phases of the task. 

of the workspace. The tasks included 
insertion and removal of a peg into and 
from a hole, insertion and extraction of 
electrical connectors, and attachment of 
hook-and-pile pads. The network was then 
tested by using it to segment a force 
signal from the peg-in-hole task into task 
phases. As shown in Figure 2, the net­
work performed the segmentation in real 
time, albeit with some lags and some 
errors. On the other hand, the network 
also exhibited an unexpected ability to 
recover after misidentifying some phases 
and to follow tasks, the phase sequences 
of which differed from those of the train­
ing tasks. 

This work was done by Paolo Fior­
ini, Antonio Giancaspro, Sergio Losito, 
and Guido Pasquariello of Ca/tech for 
NASA's Jet Propulsion Laboratory. 
For further information, write in 63 on 
the TSP Request Card. NPO- 19004 
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Figure 2. These Results of a Real-Time 
Experiment show that the neural network 
was partially successful in segmenting 
the force signal into task phases. 
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CAJON Products 
for Vacuum Service . •• 

IMMEDIATE delivery from local stocks 
VC~ Coupling Flexible Tubing Flexible 

Glass End Tubing 

Patented 

• Zero-clearance for disassembly 
• Critical vacuum 
• Choice of end connections from 1/16" to 1" 
• Connects to various weld, SWAGELOK 

Tube Fitting, NPT and straight thread 
components 

• Variety of configurations 
• Sold as individual components to 

minimize inventories 
• 316L & 316 stainless steel 

• 321 stainless steel construction 
• Compressible by 20%, 

extendable by 50% 
• Absorbs vibration , relieves thermal 

expansion, compensates for 
misalignment 

• 114" to 1-112" tube 0.0. 
• Nominal lengths 1" to 36" 

Isolates vibration 
in glass systems 

• Relief for thermal expansion 
• Compressible by 20%, 

extendable by 50% 

• 1/4" to 1" 
• Nominal lengths 2" & 3" 
• 321SS fused to 7740 Pyrex glass 
• Ultra-high vacuum to 25 PSI 
• Single or double end glass 

• Helium leak tested to 4.0 X 10.9 

atm. cc/sec. Glass IMetal Transition Tube 
• Pressures - vacuum to 11,000 psi 
• Temperatures to 1000°F (537°C) One step glass to metal tranSitii'co~niiiiiiiiiiiiiiiiiiiiii~ 

eliminates graded seals , 

VCU Coupling 
O-Ring face seal 

Patented 

• Zero-clearance for disassembly 
• Variety of configurations 
• Connects to various weld, SWAGELOK 

Tube Fitting, NPT and straight thread 
connections 

• Sold as individual components to 
minimize inventories 

• Brass & 316 stainless steel 

• 1/8" to 2" 
• Helium leak tested to 4.0 X 10-9 

atm. cc/sec. 
• Pressures - vacuum to 10,000 psi 
• Temperatures to 450°F (232°C) 
• Fast make-up 

mira-TofT Fitting 

• Converts a glass system to a metal system 
• Smooth internal surface for high 

conductance 
• Non porous transition area to prevent 

absorption & outgassing 
• Metal, 304SS - Glass, 7740 Pyrex 

Hose Connectors 
Positive gripping-easy to install 

• Used on soft plastic or rubber tubing 
• NPT & Tube Adapter ends 
• Hose clamps for safety 
• Reuseable 
• 316SS and brass 
• 118" to 314" 

Provides vacuum-tight seal on glass, metal or plastic 

• Helium leak tested to 4.0 x 10-9 atm. cclsec. 
• 1116" to 1-1/2" 
• Use with undersize tubing 

Patented • Variety of configurations 
• Brass & 316 stainless steel 

• Quick finger-tight assembly, reuseable • Temperatures to 450°F (232°C) 

IFI CAJON COMPANY ~~ 9760 Shepard Rd. 
am:II= Macedonia, OH 44056 

A SWAGELOK" COMPANY 

For More Information Write In No. 692 

• Temperature to 960°F (515°C) 
• Ultra-high vacuum to 25 PSI 
• 100% Helium leak tested 
• 1/4", 3/8" & 1/2" sizes 
• 6" lengths 

weld Fittings 
For automatic or 
manual welding 

• High conductance 
• 316L & 316 stainless steel cOAstruction 
• 1/4" to 1" 
• Pressures to 5100 psi 
• Thin wall design for cleaner, lower profile 

appearance 

VacGoop® 
Anti-galliubricantfor use 
on threads, O-Rings, gaskets, 
glass seals and metal parts 
• Low vapor pressure minimizes 

outgassing problems 
• Compatible with system 

materials 
• Use on temperatures to 400°F 

(204°C) 

• Impervious to moisture 



Books & 
Reports • Materials 

These reports, studies and 
handbooks are available from 
NASA Technical Support 
Packages (TSP's) when a 
Request Card is cited; other­
wise they are available from 
NASA Technical Information 
Service. 

High-Temperature, Self­
Lubricating Ceramicl 
Metal Composites 

Four documents provide detailed in­
formation on a class of ceramic/metal 
composite materials that are self-lubri­
cating at temperatures as high as 
900°C. These materials are likely to be 
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He experiences some tough environments and creates a few himself. 
So do we. Whether you have a communications satellite or VCR, an 
automotive powertrain or power supply, we'll put it through its paces. 

OUf terrain includes induced vibration with some of the world's 
most sophisticated dynamic test equipment. ot only are we an 
industry leader in pyrotechnic shock testing, we're able to generate 
sound levels to 200 dB and 165 dB at temperatures of 3000°F. Or 
fatigue, life cycle, climatic testing, EMCJEMI of 200 Vim to 40 GHz, 
and open field testing to 1 GHz. And even though we're able to 
simulate 150,000 ft. altitude and 1000 ft./sec. changes, or subject 
exotic structures to wind tunnel velocities of Mach 10, we'll hit your 
schedule with minimum impact on your budget. 

For a free capabilities brochure, call or write NTS today. 

jj,'§ge 
National 
Technical 
Systems 

1536 E. Valencia Drive, 
Fullerton. CA 92631 

West: (800) 677-2NTS 
East: (800) 723-2NTS 

For More Infonnation Write In No. 436 

used in bearings and seals for turboma­
chines, new energy-efficient automotive 
engines, power generators, pumps, and 
fumaces. Components made of these 
materials and proved successful in tests 
thus far include the following: 

o Coat ings for flow-control valve 
guides for hot gases; 
o Backup self-lubricating coatings for 
high-speed gas bearings; 
o High-speed, high-temperature slid­
ing-contact face seals; 
o Combustion-chamber linings in 
rotary engines; and 
o Cylinder liners in St irling-cycle 
engines. 
One of the documents describes the 

general properties, preparation, and 
applications of the composite materials, 
with emphasis on PM 212. Another of 
these documents discusses the differ­
ences and similarities of parts made by 
sintering with those made by hot iso­
static pressing; it states the finding that 
both processes yield similar friction 
and wear properties, although those 
obtained by hot isostatic preSSing are 
slightly more favorable: the fully dense 
hot-isostatically-pressed material has 
about 3 times the strength of the sin­
tered material, which is about SO per­
cent dense. 

This work was done by Harold E. Sliney 
and Christopher Del/aCorte of Lewis Re­
search Center and Michael S. Bogdanski 
and Philip Edwards of Case Westem Re­
serve University. For further information, 
write in 47 on the TSP Request Card. 
LEW-15679 

Properties of Soda! 
Yttria!Silica Glasses 

An experimental study of the glass­
formation compositional region of the 
soda! yttria!silicate system and of select­
ed physical properties of the glasses 
within this compositional region is part 
of a continuing effort to identify glasses 
with high coefficients of thermal expan­
sion and high softening temperatures, 
for use as coatings on superalloys and 
as glass-to-metal seals. The glasses 
within the compositional region of inter­
est were measured to have densities 
between 2.4 and 3.1 g/cm3, indices of 
refraction between 1.50 and 1.60, coeffi ­
cients of thermal expansion (aCT E) 
between 7x1 a-6/oC and 19x1 a-6/oC, dil­
atometric softening temperatures (T D) 
between 500 and 7S0°C, and Vickers 
hardness values (HV) between 3.7 and 
5 .S GPa. Of particular interest are 
compositions in the vicinity of 
25Na2005Y 2°30 70Si02, which ex-
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hibited high <lCTE' high TO, and high 
chemical durability Oow rate of dissolu­
tion in hot water) . 

This work was done by Paul W. 
Angel and Raiford E. Hann of Lewis 
Research Center. For further informa­
tion, write in 57 on the TSP Request 
Card. LEW-15738 

Mechanical Tests 
for Monitoring 
Aging of Composites 

An experimental study addresses re­
lated topics of thermo-oxidative aging 
of PMR-15 (polyimide matrix!graphite­
fiber composite materials) the strengths 
of interfacial bonds, the effects of vari­
ous surface treatments, and the relative 
merits of mechanical tests that yield 
measures of the strengths of the materi­
als. More specifically, the study focus­
es on the utility of a transverse-f1exural­
strength (TFS) test in measuring the 
strengths of the interfacial bonds, 
thereby enabling evaluation of the effects 
of fiber-surface treatments and thermo­
oxidative aging. In this regard, the TFS 
test is compared with an interlaminar­
shear-strength (lLSS) test and a longi­
tudinal-flexure-strength (LFS) test, both 
of which have been shown in previous 
studies to yield results that are affected 
by the interfacial bonds. 
This work was done by Kenneth J. 

Bowles of Lewis Research Center. For 
further information, write in 17 on the 
TSP Request Card. 
LEW-15731 

Tests and Mathematical 
Modeling of an 
Adsorbent Bed 

Four reports describe various 
aspects of a mathematical-modeling 
and experimental study of a solid 
amine regenerative adsorbent bed. The 
experimental bed was a laboratory pro­
totype of a larger bed that would 
remove C02 gas and H20 vapor from 
air in a life-support system in a space­
craft. These studies were undertaken 
to develop the physical understanding 
and data needed to predict adsorption 
performance under various operating 
conditions. 

This work was done by Marybeth 
Edeen and Fredrick A. Ouellette of John­
son Space Center and Frank F. Jeng 
and Robert G. Williamson of Lockheed 
Engineering & Sciences Co. To obtain a 
copy of the collection of reports, "Ad-
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sorbent Testing and Mathematical Mod­
eling of a Solid Amine Regenerative C02 
and H20 Removal System, n write in 97 
on the TSP Request Card. MSC-21996 

Finding Substitutes for 
Chlorofluorocarbons 

A 450-page document contains 
information on worldwide efforts to 
replace chlorofluorocarbons (CFC's) 
with other fluids. ThE) document con-

tains magazine articles, commercial­
product data sheets, technical reports, 
brochures, advertisements, minutes of 
meetings, and conference and work­
shop papers from a vari ety of 
sources. 

This work was done by J . Wayne 
McCain of Marshall Space Flight Cen­
ter. To obtain a copy of the document, 
"CFC Replacement Critical Area 
Response,· write in 39 on the TSP 
Request Card. 
MFS-27317 

CALL FOR PAPERS 

PHOTONICS TECHNOLOGY 
TRANSFER CONFERENCE 

NOVEMBER 9 , 1994 

WASHINGTON, DC CONVENTION CENTER 

Sponsored by the Technology Utilization Foundalion and 
Laser Tech Briefs magazine, in cooperaftan with the 

Federal Laboratory Cansamum for Technology Transfer 

LaserTech '94, a special one-day meeting 
to be held concurrently with the Technology 
2004 national technology transfer confer­
ence, will spotlight the best new photonics 
innovations developed by federal laborato­
ries and their contractors. 

Who Will Attend 
Engineers, scientists, technology managers, 
and entrepreneurs looking for photonics 
technologies they can use to solve engineer­
ing problems, develop and test products, 
and start new businesses. 

Who Should 
Present Papers 
• Researchers from federal agencies/labs 

and their contractors who have produced 
important new photonics technologies 
that are available or licensable for com­
mercial use; 

• Designers and engineers whose compa­
nies have successfully exploited photon­
ics technologies transferred from govern­
ment labs. 

Paper Categories 
1. Lasers and Laser Systems 2. Lenses and 
Optical Systems 3. Fiber Optics Devices and 
Systems 4. Electro-Optical Systems 5. Infra­
red Technology 6. Detectors, Cameras, and 
Imaging Devices 7. Positioning and Motion 
Control Equipment 8. Test and Measurement 
Equipment 9. Design, Fabrication, and 
Manufacturing 

Deadline For 
Submission 
Paper abstracts must be submitted to the 
Program Chairman no later than April 29, 
1994. They should be 1 to 1-1/2 pages 
long and MUST describe the technology's 
novelty and commercial potential (see 
abstract format) . 

Mail or fax abstracts to: 

Robert Clark 
Program Chairman 
LaserTech '94 
41 East 42nd St., #921 
New York, NY 10017 
Fax (212) 986-7864 
Phone (212) 490-3999 

For information on attending 
LaserTech '94 write in no. 798. 

For information on exhibiting 
write in n o. 79 7. 

PLEASE FOLLOW THIS FORMAT: 

~0~[jtiru~(}[) ~<V4J. 
Paper Abstract 

Name: (if multiple authors, please provide the 
name of main contact to whom correspon­
dence should be addressed) 

PositionfTitle: 
Affiliation: 
Address: 

Phone Number: 
Fax Number: 
Gov!. Agency/lab The Subject Technology 

Was Developed By/For: 
(if contractor-developed, please include contract II) 
Paper Title: 
Category: 
Description: 



Make sure the air 
filter does justice to 
your O.E.M. design 

Specify Universal, and get air filters custom de igned to: 
· Meet your specs precisely 
· Keep your product clean 
· Be easily maintained 
· Withstand serious abu e 

... air filters custom manufactured with a wide choice of 
media, to clo e tolerances, under strict quality control, 
by people who value their reputation. 
Phone or Fax now while you're thinking about it, for a free 
sample fllter and technical data. CaU1-800-541-3478 or 
618-271-7300, or Fax 618-271-8808. 

On spec ... on time ... everytime 

Universal air filter 
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I D I 3400 Missouri Avenue P.O. Box 853 
East 8t. Louis, Ill inois 62203 

For More Information Write In No. 432 

• LOW AND HIGH volume J .I.T. 
deliveries/S .P.C. controlled 

• HIGH INTEGRITY Aerospace, Automotive, 
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• ADVANCE QUALITY SYSTEM Compliance 
w ith ISO-9000 International Aerospace, and all 
leading commercial and government specs. 

• CAD/CAM DESIGN thru completed assemblies 
• FULL IN-HOUSE laboratory & testing facilities 

T,,-C THOMPSON 
~ CASTING Co., INC. 

4860 Chaine raft Rd. 
Cleveland. Oh,o 44125 
Phone: (2161581 -9200 
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Physical Sciences 

Thermal Modeling of a 
250-A·h LilSOCI2 Battery 

A report presents an analysis of the anticipated thermal condi­
tions in and around a 250-A·h Li/SOCI2 battery that is being devel­
oped for use aboard a Centaur rocket. The battery would be 
mounted on an exterior surface of the Centaur booster, exposed 
to the outer-space environment. Heat input to the battery would 
consist of heat generated within the battery by its discharge, 
heating by radiation from the Sun and Earth, and heating by 
impinging free molecules. Heat output from the battery would 
consist of heat conducted to the skin of the Centaur rocket and 
heat radiated to both the skin and to outer space. 

This work was done by Pradeep Bhanda!i of Ca/toch for NASA's 
Jet Propulsion Laboratory. To obtain a copy of the report, 
"Thermal Modeling of the Honeywell 250 Ah Battery Design," write 
in 5 on the TSP Request Card. 
NPO-18434 

0- Machinery 

Task-Directed Inverse Kinematics 
for Redundant Manipulators 

A paper presents algorithms for use in controlling redundant 
robotic manipulators in such a way as to exploit redundancy to 
satisfy task requirements beyond the placement of end effectors 
at desired positions and orientations. Examples of such require­
ments include avoidance of obstacles, applying specified forces, 
avoiding uncontrolled intemal motions of the robot, and smooth 
operation at or near singularities. 

This work was done by Mark K_ Long of Caltech for NASA's 
Jet PropulSion Laboratory. To obtain a copy of the paper, 
"Task Directed Inverse Kinematics for Redundant Manipula­
tors," write in 69 on the TSP Request Card. 
NPO-18680 

~ Life Sciences 

Natural and Artificial Ecosystems 

A NASA conference publication contains the proceedings of 
the 27th meeting of the Committee on Space Research 
(COS PAR) in Espoo, Rnland, July 18-29, 1988. It includes papers 
by scientists from the United States, France, Canada, Japan, and 
the Soviet Union. COS PAR is devoted to development of biore­
generative life-support systems for use aboard spacecraft. The 
interests of its members include studies of natural ecological 
systems, development of biotechnological systems, generation 
of data on natural and artificial ecosystems by remote sensing, 
and development of artificial ecosystems. 

This publication was edited by Robert 0. MacElroy of Ames 
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Research Center, Brad G. Thompson of the Alberta Research 
Council, Theodore W. Tibbitts of the University of Wisconsin, and 
Tyler Volk of New York University. Further information may be 
found in NASA CP-10040 [N91-24744], 'Controlled Ecological 
ute Support Systems - Natural and Artificial Ecosystems .• 

Copies may be purchased (prepayment required) from the 
National Technical Information Service, Springfield, Virginia 
22161 , Telephone No. (703) 487-4650. Rush orders may be 
placed for an extra fee by calling (800) 336-4700. 
ARC-12801 

Microgravity Flotation Process 

A report presents a study directed toward the development 
of a microgravitational foam flotation process for the fractiona­
tion of large biological molecules and whole cells. Foam flota­
tion in microgravitation offers the potential to separate large 
particles more effectively than is possible by foam flotation in nor­
mal Earth gravitation. Among other things, less surfactant is 
needed to form the flotation foam in microgravitation. Therefore, 
microgravitational foam flotation may be applicable to separation 
of such biological materials as whole cells, proteins, enzymes, and 
viruses, all of which can be damaged by concentrated surfac­
tants. 

This work was done by David A. Naever of Marshall Space 
Flight Center. To obtain a copy of the report, "Low-Gravity 
Technology for Foam Fractionation of Large Particles," write in 
22 on the TSP Request Card. 

Inquiries concerning rights for the commercial use of this 
invention should be addressed to the Patent Counsel, Marshall 
Space Flight Center {see page 22}. Refer to MFS-28650. 
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MOTION 
CONTROL 
API's 132 page momr sys­
tems catalog is a complete 
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Kalamazoo Teehnical Fur­
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workbenches, workstation 
systems , and ESD con­
trolled workstation acces­

sories. Included are color options, product specifications, 
and various levels of ESD protection available. Tec1ab 
also offers a Free Planning and Design Service. Teclab, 
the "professional 's bench." Tel: 1-800-832-5227. Fax: 
616-372-6116. 

Kalamazoo Technical Furniture 
For More Informacion Write In No. 303 

• • 

FIBER 
INSULATED 
HEATERS 

I RIfR IHroUT£O 

Manufacturers of fiber 
insulated hearers to 
1200 ·C (2190 ·F) in sran­
dard flat hearer panels, full 
and half round cylinders 
and also cusmm shapes and 
sizes. Complete range of 
accessories are available. 
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HEATERS 
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Zircar Products, Inc. 
110 North Main Street 

P.O. Box 458 
Florida, NY 10921-0458. 

For More Informacion Write In No. 306 

The Capattery is a high­
reliabiliry double layer 
capacimr used as a srandby 
power source in memory 
back-up and bridge-power 
applications. It has virrually 
unlimited cycle life and over 
20x the capacitance densiry 
of conventional capacitors. 
With a Perm-selective valve, 
patented by Evans, 33 East­
ern Ave., East Providence. 
RI 02914-2107, Tel: 401 -
434-5600; Fax: 401-434-
6908. 

Evans 

For More Informacion Write In No. 301 

COLOR WORK­
STATION FOR 
DATA ACQUI­
SITION AND 
ANALYSIS 
The HT600 combines 
internal math algorithms 

with high speed, high resolution digitizing of analog sig­
nals. A built-in VGA color graphics interface with touch 
panel. mouse or keyboard entry increases ease of use. 
It boasts sampling rates from 1 sample/sec. ro 200 
Megasamples/sec. with memory sizes 2k to 32 Meg and 
digitizers from 8 bits to 16 bits. From $15,500, depend­
ing on digitizers & memory length. Delivery: 30-45 days 
ARO. Contact: Garry Williams, 1-800-248-1633. 

Hi-Techniques, Inc. 
For More Informacion Write In No. 304 

NEW COM­
PUMOTOR 
CATALOG! 
POSITIONING 
CONTROL 
SYSTEMS & 
DRIVES 
Compumococ's complete 
360 page engineer's guide 
with specifications, dimen­

sions and performance data presents brush less servos, 
microstepping mococ systems, indexers, linear motors 
and absolute encoders. 

Parker Hannifin Corporation, 
Computer Motor Division 

Phone: 800-358-9070 Fax: 707-584-8015 
For More Information Write In No. 307 

WASHERS 
AND SPACERS 
FREE! Boker's new 32-
page Catalog ' 93 offers 
1 1,000 non-standard sizes 
wirh no tooling charges. 
Outside diamerers of 
0.080" to 2.631", a wide 
variety of inside diameters 
and thicknesses, and 2,000 
material variations create: 
millions of possibilities. 

Materials include low carbon, cold roUed strip and sheet 
steel; five rypes of spring steel; stainless steel; alumi­
num; brass; copper; nickd silver; and such non-metallic 
materials as Delrin<», Teflon®, Mylar®, and nylon. 
Metric sizes also. 

Boker's, Inc. 
For More Informacion Write In No. 302 

HIGH TEMP­
ERATURE 
FURNACE 
INSULATION 
MODULE 
ZIRCAR's system addresses 
the severe thermal and me­
chanical stresses 1700 ·C 
pUts on the hot-tace insu­
lation layer of 1700 ·C 
rapid-cycle furnaces. ZIR­

CAR's insulation modules are pre-assembled insulation 
systems constructed of a graded system of high qualiry 
ZIRCAR insulation layers. They provide O.E.M. fur­
nace builders easy entry into the ultra bigh temperature 
fiber lined furnace market by extending reliable 1700 ·C 
service into production sized furnaces. 

J;or More Informacion Write In No. 305 

OPTICAL 
ENCODERS 
DRC's 98 page catalog 
gives detailed mechanical 
and elecrrical specifications 
for their complete line of 
rotary, linear, and modular 
optical encoders. Certain 
stocked configurations can 
ship in 3 days. We also 
specialize in customizing 
standard models for your 
specific application. 

Dynamics Research 
Corporation 

For More Information Write In No. 308 
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ABRASIVE 
BLAST 
SYSTEM 
The Micro-Jet 200 is a 
miniature, low~cos[ system 
for the shockless machin­
ing, CUtting, and etching of 
the hardest materials such 
as glass . ceramics. gem 
Stones, carbides. Employ­
ing a pressure feed system 
for producing the air/abra­

sive jet, its operational performance is the equal of more 
expensive competitive systems. Applications include: Cut­

ting, driUing and shaping; erching and marking; microd". 
burring and deflasbing; cleaning; surlace finishing. 

Hunter Products, Inc. 
For More Information Write In No. 310 
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DS345 
30 MHz S,ntb.5i .. " 
fundion Generator 

.. ~ 
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SYNTHESIZED 
FUNCTION 
GENERATOR 
The DS345 offers digirally 
synthesized waveforms [0 

30 micro-Hz with 1 mHz 
resolution, arbitrary wave­
form and modulated out-
pUts. Outputs can be sim­
ple sine, triangle, ramp, or 
square waves; complex 
arbitrary signals up to 

16,300 poin ts can also be created. 

Stanford Research Systems Inc. 

For More Information Wrire In No. 3 13 

HIGH TECH 
MOLDING 
MACHINES 
Quick-scan catalog of 
Arburg's 7 injection mold­
ing machine series. 28 ro 
220 tons. Broad capabili­
ties for molding inserts. 
liquid silicone rubber, bulk 
molding compounds, pow­
dered metals and ceramics, 
multiple colors and materi-
als. Also: 45 options, 7 
injection positions . Call 
(203) 667-6500. 

Arburg, Inc. 

For More Information W rite In No. 316 

REAL-TIME 
SIMULATION 
The SCRAMNet™ Net­
work combines the real­
time speed of replicated 
shared-memory with the 
flexibiliry of a fiber opric 
LAN [0 gee microsecond 
response. This FREE tech 
paper compared SCRAM­
Net's shared memory net-
worki ng to the more tradi­
tional approaches . Tel: 
800-252-560 I ; Fax: 513-
258-2729. 

SYSTRAN Corp. 

For More Information Write In No. 319 
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VARITASKTM 
TECHNICAL 
DESKING 
SOLUTION 
Mayline's VariTask solves 
ergonomic problems for 
intensive computer users. 
Large work surfaces have 
power-adjusr heighr and 
tilt controls. Great for 
CAD environments where 

drawing rabler and second moniror are needed. FREE 
full-color brochure . Video available upon requeSt . 

Mayline Company, Sheboygan, WI. Tel: 1-800-822-8037. 

The Mayline Company 

For More Information Write In No. 311 

OXYGEN 
ANALYZERS 
A full-color brochure in­
troduces a complete line of 
oxygen analyzers for rhe 
laboratory or process line. 
They are ideally suired for 
monitoring the oxygen lev­
els in all types of gas 
streams. Trace oxygen lev­
els from ppb to 100% are 
accurarely determined by 

these ruggedly constructed instruments. No periodic 
maintenance or special operacor skills are required. 
Intrinsically-safe and battery-opera red models are also 
available. 

Illinois Instruments Inc. 
For More Information Write In No. 314 

ELECTRO­
MAGNETIC 
DESIGN 
SOFTWARE 
The legendary Vector 
Fields suite of software, 
including rhe TOSCA, 
ELEKTRA and OPERA 
packages, combines classical 

'f" VECTOR FIELDS finire element rechniques 
with user friendly in(erac~ 

tive graphics for h igh accuracy 2D and 3D simularion and 
design of all rypes of electromagnetic equipment. 

Vector Fields Inc. 
1700 North Farnsworth Avenue 

Aurora, IL 60505 
Tel: (708) 851 ·1734 Fax: (708) 851 -2106 
For More Information Write In No. 317 

Hardigg Cases offers over 
225 srandard rorationaUy 
molded cransit cases , 
including a full line of 19" 
EIA rack mount cases, 
deck cases, and flange­
mount cases. Hardigg' s 
expert engineering, manu­
Facturing, and test Facilities 
provide scarr to finish cus­
tom design capabi liry. A 
complete lise of standard 
cases allows for rapid deliv­

ery ... as few as three working days! Toke advanrage of over 
thirry years of experience .. . dcsign a Hardigg case into 
your next project! 

Hardigg Cases 
Tel: 1·80O-JHARDIGG; Fax: 413-665-8061 

For More Information W rite In No. 320 

Seiler I nStrumen< offers 
srate-of-the-art machining 
and product assembly . 
Automated CNC machin­
ing centers work with sted. 
aluminum. brass, copper, 
and stainless sreel. In­
house R&D and quality 
controUdepattrnents guar­
antee compliance to suict 
specifications. For our 
complete capabilities bro-
chure, ealI 1-800-489-2282. 
Fax: 314-968-2637. 

Seiler Instrument & 
Manufacturing Co., Inc. 

For More Information W rite In No. 312 

GPS­
SYNCHRO­
NIZED TIMING 
PRODUCTS 
Tr ueTimc's Precision 
Timing Producrs catalog 
fcorures GPS-Synchronized 
Clocks in rackmount , 
porrable, and board- level 
configurarions. Includes 
illustrations and product 

specifications for our complere line of Synchronized 
Clocks, Time Code Products, and Remote Displays to fir 
a variery of rime and frequency applications. 

TrueTime, Inc. 

For More Information Write In No. 315 

JUN-AIR 
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QUIET COM­
PRESSED AIR! 
Jun-Air's new brochure shows 
you only a few of the possibili­
ties. Compressors range from 
oil-lube to oil-less, J J Ov - DC, 
0 .25 - 3 .0 HP, 0.7 - 11.0 cfm, 
maximum pressure 120 psi. 
Vacuum pumps and custom 
designed compressors to cus~ 

., ., '-';. .~. 1 

" 

romer specifications also fea­
tured. Join over 250,000 satis­
fied customers in over 50 coun· 

tries worldwide enjoying their Jun-Ai r compressors. Ask 
abou t our line of "Quiet" compressors. Phone 800-
4JUNAIR. 

Jun-Air USA Inc. 

For More Information Write In No. 318 

MECHANICAL 
COMPONENTS 
CATALOG 
PIC Design, manufacrurer 
of precision gears, pulleys, 
and many other mechani­
cal componenrs, has issued 
their biggest catalog yer. Ar 
240 pages, Caralog 42 now 
includes a new section of 
Linear Motion products 
covering a range of preci­

sion lead screws, precision ground shafting with associat­
ed support rails, hangers, and linear bearings. Other new 
products include Flerible Zero-Backlash Couplings, lin­
eat slide guides and economical commercial grade posi­
tioning rabies with up to 8" of travel. PIC Design, Tel: 
203-758-8272; Fax: 203-758-8271. 

For More Information Write In No. 321 
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PRO­
GRAMMABLE 
MOTION CON­
TROLLERS 
1994 caralog describes full 
line of servo motion con­
trollers. includes box-Ievd 
industrial controllers and 
multi-axis plug-in boards. 
PC/XT/AT. STD. VME 
and RS-232 interfaces 

available. Linear and circular interpolation. gearing. pro­
grammable 110 and memory. Also power amplifiers. 
servo morors. and suppon software. Call roll-free: 1-800-
377-6329. 

Galil Motion Control, Inc. 
For More Information Write 10 No. 322 

INCONEL® 
ALLOY 
718SPpM 
This new publication from 
Inco Alloys lorernarional 
describes the physical and 
mechanical properties of 
lncond alloy 7 18SPF. a 
devdopmeor of alloy 718. 
now amenable [0 super­
plastic forming techniques. 

Inco Alloys International 

For More Information W rite In No. 325 

ELECTRONIC 
HARDWARE 
CATALOG 
Broadest selection of hard­
ware for electronic assem­
blies. 350-page free catalog 
includes a full range of 
standoffs, captive screws 
and nuts, chassis fasteners, 
handles. ferrules. spacers 
and washers. Special sec­
tions--new, unusual prod­

ucts, metric information and Mil-placing specifications. 
Full invenro ry. fasr rurnaround . samples. Tel: 1-800-
237-0013; Fax: 201-661-3408. 

Accurate Screw Machine Co. 
For More Information Write In No. 328 

DATA 
ACQUISITION 
SOLUTIONS 
FREE 288-page 1994 Data 
Acquisition Catalog and 
Reference Guide featuring 
Keithley MeuaByre's broad 
line of PC-based. hardware 
and software solutions for 
measurement and analysis. 
includes Tech Tips. a sec-
tion on application notes, 

and an overview of data acquisition software. Detailed 
specs on dara acquisition instruments. IEEE-488.2 inter­
faces and PC instruments for iBM PCIXT/AT. PS/2 and 
MicroChannel compurers are also covered. Request your 
FREE copy today! Tel: 800-348-0033 or 508-880-3000; 
Fax: 508-880-0 179. 

For More Information Write In No. 331 
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ADVANCED 
COMPOSITE 
WORKSHOPS 
-SINCE 1983 
The brochure describes 
deven differeor "hands-on" 

workshops in advanced composire marerials rechnology. 
These workshops cover fabrication. repair. manufactur­
ing. rooling. blueprinr reading. adhesive bonding. engi­
neering design for specialized repairs. and ulrrasonic 
inspecrion of composires. Emphasis is placed on preprcg 
carbon and aramid fiber marerials and processes. utilizing 
vacuum bagging and high-remperarure curing methods 
in rhe oven and autoclave. REFRESHER WORK­
SHOPS OFFERED. Call toll-&ee: 1-800-638-8441. Fax 
702-827-6599. 

Abaris Training Resources, Inc. 
For More Information Write In No. 323 

EMCOR'S ELEC­
TRONIC ENCLO­
SURES GUIDE 
"A Guide to Emcor Enclo­
sures" describes design, con­
struction, and component fea­
tures of all Emcor enclosure 
sYStems-ESQ. 10 Series. 
Emcor I. EMl-RFI shielded 
cabinets-plus CompuDesk. 
enclosure cool.ing accessories, 
Instant Emcor ship -from­

s[Qck program. and modification and cusrom design 
capabilities. Free catalog. Emcor Products. 1600 4th 
Avenue NW. Rochester. MN 55901. Tel: 507-289-3371. 

Emcor Products 

For More Information Write In No. 326 

OPTICS FOR 
METROLOGY 
New 1994 Catalog con­
tains 120 pages of informa­
tion and prices on tool­
maker's microscopes. stereo 
microscopes, alignment 
microscopes, monocular 
worn microscopes, micro­
telescopes. pocket micro­
scopes, borescopes. micro 
video lenses. and fiber optic 

and miniature illumination systems. Also described are 
centeri ng microscopes, optical cutting [001 geometry ana­
lyzers. X-V tables. and micro-finishing equipment. Tel: 
716-873-9907; Fax: 716-873-9993. 

Titan Tool Supply Co., Inc. 
For More Information Write In No. 329 

RECIRCULAT­
ING CHILLERS 
64-page catalog features a 
complete line of recirculat­
ing chi ll ers for cooling 
water-cooled equipment. 
These chillers offer steady 
cooling with heat load 
removal up ro 75 kW. 
spanning temperature 
ranges of +5 ·C ro +35 .c. 
Chillers feature I) ozone­

friendly refrigeration sysrems. 2) LED display. 3) operat­
ing status gauges. 4) and easy access to internal compo­
nents. Also available is CFC-free Constant Temperature 
Equipment. Call roll-free at 1-800-258-0830. 

NESLAB Instruments, Inc. 
For More Information Write 10 No. 332 

PRESSURE 
AND LINEAR 
DISPLACE­
MENT TRANS­
DUCERS 
Our NEW85-page catalog 
describes a full family of 
pressure and linear posi­
tion transducers. including 
a complete line of suppon­
ing instrumentation and 

accessories. A "how to" selection guide, applications and 
referencc sections assist the design engineer in r.making 
the righr cboice." end for a copy today. or call us toll­
free at 1-800-333-DATA. Tel: 800-333-3282; Fax: 508-
263-0630. 

Data Instruments Inc. 
For More Information Write In No. 324 

FREE LIGHT 
RESEARCH 
PRODUCT 
GUIDE 
The new Oriel Volume Il 
Product Guide: Light 
Sourcts. Monochromators 
and D~uction SYItnn5, is a 
technical reference manual 
and product catalog in one. 
This 528 page book fea-
tures UV to NIR pulsed 

light sources. nitrogen and tunable dye lasers. calibrared 
irradiance sources, imaging monochromatorslspecrro­
graphs wirb multiple grating turrets. cooled UV-IR 
detectors. CCDs for spectroscopy. For a free copy. con­
tact Orid. Tel: 203-377-8282. Fax: 203-375-0851. 

For More Information Write In No. 327 

POLYMERS 
& ACRYLIC 
MONOMERS 
A new, 12-page four-color 
brochure tided "Engineer­
ing Polymers and Acrylic 
Monomers." Included are 
polymers and monomers 
family of products. includ­
ing Rilsan~ II and 12 
polyimides; Rilsan® pow­
der coari ogs. Pebax® ther-

moplastic elasromer resins. Plaramid® and Plarherm® 
hor mdt adhesives; PlatiJon® hot melr film. and acrylic 
monomers. Product description, background. and a sam­
pling of applications are also provider! 

Elf Atochem North America, Inc. 
For More Information Write In No. 330 
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SEND FOR 
LABCONCO'S 
BIGGEST, 
MOST 
COMPLETE 
PROTECTOR® 
HOOD CATA­
LOG EVER 
Use this 92-page source 
book ro gather information 

on by-pass. auxiliary-air and variable air volume hoods as 
well as base cabinets. work surfaces blowers and duct­
work . Read about safety accessories such as the 
Guardian™ Air Monitor. Call 800-732-0031. 

Labconco 
For More Information Write In No. 333 
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GET YOUR 
HANDS ON THE 
PROTECTOR® 
GLOVE BOXES 
CATALOG 
Thumb through this 28-

.......... .......... page , full -color catalog 

detailing Labconco's con­
trolled atmosphere and 
multi-hazard glove boxes. 
Find complete infotmation 

on built-in options including the automatic pressure con­
troller with foot pedal and purge/fill controller. Call 800-

732-0031. 

Labconco 

For More Information Write In No. 334 

FEMAP FOR 
WINDOWS 
Finite Element Modeling 
and Postproa:ssing. Create 
3D geometry or import 
through DXF . IGES. 
Auromatic Mesh using 
geometry. Road and write 
models, post-process re­
sults. Supports ABAQUS. 
ALGOR. ANSYS. COS-
MOS. IDEAS. NAS­
TRAN. PAL2. SAP. 

STARDYNE. STAAD. and WECAN. Color contour. 
deformed. section, section cues, isosurface, and animated 
poSt-processing. Tel: 215-256-1829. 

Enterprise Software Products, Inc. 

For More Information Write In No. 337 

MODULAR CON­
TROLLERS HAN­
DLE DOZENS 
TO HUNDREDS 
OF SENSORS 
Brochure describes the 
ANAFAZE Modular Loop 
System (MLS). providing 
from 8 up to 512 measure­
ment and PID control 
loops, even for mixed sensor 
typeS: thermocouple. RTD, 

Infrared. rnA and mY. Network-ready boardsets and DIN 
controllers can work autonomously or be linked to ANA­
SOFT (a PC-software package thar rums data into infor­
mation). ANAFAZE, 334 Westridge Drive. Watsonville. 
CA 95076. Tel: 408-724-3800; Fax: 408-724-0320. 

For More Information Write In No. 340 

HIGH REL 
HYBRID/DIS­
CRETE DC-DC 
CONVERTERS 
This new 32p catalog de­
scribes a fulJ line of hybrid 
and discrete DC-DC con­
veners for Space. Military 
and Industrial application; 
wide range of DC input 
voltages, outpur from 3 

VDC (for new IC application) to 3 kilovolrs, multiple 
Outputs. full EMI filters/other systems type circuitry, Rad 
Hard versions specified, custom variations available. Tel: 
1-800-333-POWR; Fax: 516-345-3106. 

Modular Devices Inc. 
One Roned Road' Shirley, NY 11967. 

For More Information Write In No. 343 
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HYSTERESIS 
BRAKE AND 
CLUTCH 
CATALOG 
New 24-page magrrol 
Hysteresis Brake and 
Clutch Catalog describes 
the fulJ range of frictionless 
hysteresis products and 
their advantages over other 
forms of tension canrral 

devices. Special applications section, sizing and ordering 
data. racing and dimension rabies, and custOm design 
product capabilities are included in the new catalog. 
Contract: Magtrol, Inc., 70 Gardenville Parkway West, 
BufF.tlo, NY 14224. Tel: 1-800-828-7844. 

Magtrol, Inc. 
For More Information Write In No. 335 

FREE 1994 
CATALOG: 
ENGINEERING 
FINDINGS 
320 pages of components. 
materials and precision 
tools in hard-to-get small 
quantities. A single source 
for a wide variety of stain­
less steel i terns, such 
as ... miniature gauge 304 & 
316 hypodermic tubing, 

Cover: Winner of U.S. luer fittings , guide wire. 
FIRST Competition and miniature machine 

screws. Also Tygon® and PEEK tubing. nylon mesh fUter 
material, and noise and vibration isolators. 

SMALL PARTS, Inc. 
For More Information Write In No. 338 

MOTION 
CONTROL 
HANDBOOK 
Four-color 44-page book 
sets forth the basic DSP 
fundamentals; motion con­
troUer, servo filters , back­
ground PLC. circular inter­
polation moves, blended 
moves, cubic spline moves. 
Includes: 10 programming 
examples, summarizes 

PMAC commands and vatiables with G-code section. 
Details PMAC's options and accessories, as well as hard­
ware and sofrware. 

Delta Tau Data Systems, Inc. 

For More Information Write In No. 341 
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ADHESIVES 
SEALANTS 
COATINGS 
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ADHESIVES/ 
SEALANTS/ 
COATINGS 
~aster Bond, 10c. manu­
factures over 3000 grades 
of adhesives. sealants, and 
coatings. Line consists of 
epoxies. anaerobics, cyano­
acryiares, silicons. and 

:::-~'tI"_- acrylics. Both one- and 

two-part systems. Systems 
are designed to meet specif­

ic requirements. One-on-one assistance available with 
our highly knowledgeable technical staff. Tel: 201-343-
8983; Fax: 201-343-2132. 

Master Bond, Inc. 

For More information Write In No. 344 

Hiq The! free demonstradon 
version of HiQ® is based 

..." on the full-function 
numerical analysis software 
package. It features a 
demonstration guide that 
describes HiQ program­
ming concepts and leads 
tbe user through hands-on 
examples that reacb how 

~n to use the mathematical 
'--------.... functions and ' Problem 

Solvers" in real-world analy­
sis applications. National Instruments, 6504 Bridge 
Point Parkway. Austin. TX 78730. Tel: 512-794-0100; 
Fax: 512-794-8411. 

National Instruments 

For More Information Write In No. 336 

INTRODUCING 
AIRPEL: THE 
ANTI-STICTION 
AIR CYLINDER 
Airpel imparcs super­
smooth motion by elimi­
nating sricrion, that notori­
ous affliction that causes 
air cylinders to stick at the 
stan of a Stroke-resulting 
in erradc. runaway mo­
tion. Yet Airpel contains 

no oil, has no seals to wear Que, and n~ needs lubrica­
tion. Find our how they do it. Tel : 1-800-848-7681. 

Airpel Division, 
Airpot Corporation 

For More Information Write In No. 339 

DC MOTOR 
CONTROLS 
N ew 52p caralog allows 
you [0 select optimum 
comrol fot sub-sub-frac­
rional to 10 horsepower 
DC motors · Machine 
Tools ' Motorized Ma­
chinery • Positioning · 
Conveyors · Actuators • 
Packaging Machinery · 
Exercise Equipment ' XY 

Tables ' ElevatOrs/levelers ' Theatrical/Seage. Powr Ups 
can customize these conrrols for exact requirements. POWR 
UPS CORP, One Roned Road. Shirlcy. NY 11%7, Toll­
free 1-800-333-POWR or FAX 516-345-3106. 

Powr UpS Corporation 
For More Information Write In No. 342 

SHAPE 
OPTIMIZATION 
MADE SIMPLE, 
FAST AND 
AFFORDABLE 
PUt your designs in the 
hands of COSMOS/M 
and with a few short itera­
tions , they can lose the 
weight but still handle the 
heavy work load. Minimize 

COst or weight fast while satisfying design constraints 
such as stress. rcmpcrarUfC, frequency or buckling. 
Features powerful modeler, automatic mesher. fast 
solver, and a powerful poStprocessor all within an =y to 
use inrerfuoe. Start optimizing for as little as $995. Call 
310-452-2158 in the weSt or 412-635-5100 in the east. 

For More Information Write In No. 345 
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GPS T1MING 
FOItfICNGv.... 

GPSTIMING 
FOR PC 
VMEBUS 
Tnis inform .. ion folde r 
from Bancomm describes 
n<w PCbus and VMEbus 
board-level Glob.1 Posi­
tioning System (GPS) 
Satellite Receivers. These 
products provide world­
wide precision time (100 
1Wl0second) and frequency 
(1 part in JOE?) references 
inside the hoS[ computer. 

Bancomm 

For More (nformacion Write In No. 346 
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r'!~T 
ADVANCED 
CFD POST­
PROCESSOR 
FIELDV I EW increases 
engineering produccivity 
with ea.sy to use tools that 

help you understand complex fluid dynamics data. 
Direct interfaces for PLOT3D. FLUENT. CFD2000. 
PHOENICS. FIDAP. FLOW-3D. RAMPANT. STAR­
CD md other Aow solvers. Runs on most Unix worksta­
tions. Call Toll Free in USA and emada 800-887-8500. 
or 201-460-4700. Fa: 201-460-0221. 

INTELLIGENT LIGHT 
1099 Wall Street West, Suite 387 

Lyndhurst, NJ 07071 

For More Informacion Write In No. 349 
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ULTRA-HARD 
MATERIALS 
FABRICATION 
Insaco's brochure describes 
[he custom manufacrure of 
components in sapphire. 
ruby, quartz. ceramics of 
all rypes including glass-
ceramics. alum ina, zirco­
nia, carbides. and nitrides. 
The compa ny routinely 

fabricates these materials for applications in optics. chem­
istry. vacuum. bearings, electronics. nuclear. space and 
medicine. Tolerances are measured in millionths of an 
inch with surface finishes in a.ngsrroms and flatness to 
fractions of a wavelength. Tel: 800-959-0264; Fax: 800-

959-0267. Insaco, Inc. 
For More Informacion Write In No. 352 

DlAMONEX® 
DIAMOND 
PRODUCTS 
Djamonex's new brochure 
describes their Polycrystal­
line and Amorphous 
Diamond-coated products 
for manufacturers using 
advanced cechnology. 
Polycrystalline Diamond 
enhances the performance 
of high-power FET heat 
spreaders. hybrid multi­

chips. and laser diodes. Amorphous Diamond coatings 
for medical implantables. surgical implements, medical 
packaging. thermal printheads. hard disks and magneric 
tapeheads enhance the lifetime and wear of produers. 

Diamonex, Inc. 
For More Informacion Write In No. 355 
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Free UteraturefTo Advertise call (800) 944-NASA 

CorrosIon'. 
,. Hidden 

Costs 

-=-=---:.~-= ... 
loQue Center -------~----­~------------------&.-~ .. c.............." .... 

-::-.5: ... tnII-:::: I ..... " ___ M 

~ .. c ....... ~ 
•• Oftrn'h ,,~ 

STOP 
CORROSION 
LaQue Center's corrosion 
engineering services pro· 
vide testing programs md 
consulting for failure analy­
sis, material evaluation and 
selection, environmental­
corrosion monitoring, and 
on-sire corrosion inspec­
tions. Narural seawater md 
marine atmospheric expo-
sure sites support compo­

nent/equipment evaluations. Training course 
"Fundamentals of Corrosion and Its Control" available 
for on-site presentation. 

LaQue Center for Corrosion 
Technology Inc. 

For More Informacion Write In No. 347 

TURBO­
MACHINERY 
ENGINEERING 
Free brochure shows how 
companies that produce 
or operate compressors, 
pumps, or turbines can 
benefit from NREC's 
advanced engineering con­
sulting expertise. specialized 
CAE/CAM software. and 

'-----------' precision manufacturing 

services. Phone: 61 7-937-
4655; Fax: 61 7-935-9052. 

Northern Research & 
Engineering Corp. 

For More Informacion Write In No. 350 

PRECISION 
COUPLING 
COMPONENTS 
Featuring a wide rmge of 
coupling devices in a vari­
ety of materials. this 32 
page brochure is the latest 
from Berg. Designed to 

complement the Inch and 
Metric catalogs it contains 
Information Transmitting. 
Shock Absorbing. Mis­
alignment Couplings. All 

designed and manufactured to meet the exacting 
demmds of modern industry. 

W.M. Berg Inc. 
Tel: 516-596-1700; Fax: 516-599-3274. 

For More Informacion Write In No. 353 
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LOW-COST 
DIGITAL 
VIBRATION 
CONTROL­
LERS 
Easy to use VTS Expmsion 
Card & Softwa.re convert 
your 386/486 personal 
computer to powerful 
Digital Sine or Random 
Vibration Controller. 

Frequency ra.nges-Random 500. 1000. or 2000 Hz. 
Sine to 6250 Hz. Many other unique features. Free 
Demo Disk available Oearn to operate Controller in less 
tnan one hour). Coming Soon-Accelerometer 
Calibrator & Shock Controller. 

Vibration Test Systems 
For More Informacion Write (n No. 356 

FREE LAMP 
CATALOG 
This ca talog features 
replacement lamps a[ dis­
count prices for ill types of 
audio visual. photographic, 
micrographic and graphic 
arts equipment. 100% 
guaranteed brand names -
toll free ordering - no min­
imum order - ALL deliver-
ies via UPS Second-Day 
Air at no extra cost. Also, 

lamps for medical and electronic inStrumentS, micro­
scopes and video use. Tel: 1-800-772-5267. Fa: 1-800-
257-0760. PSC Lamps. Inc. 435 W . Commercial t .• E. 
Rochester. NY 14445. 

PSC Lamps, Inc. 
For More Informacion Write In No. 348 

NEW KEITH­
LEY DIRECT 
CATALOG 
Keithley Instruments is 
offering irs new direct mar­
keting catalog of selected 
test insrrumems and acccs­
sories. Many of the compa­
ny' s OM Ms. switches. 
source-measure units and 
accessories are included. .....L..>_ ...... ::....:...--' One of the fearured prod-

uers in this issue is a new electrometer. Call 1-800-552-
1115 for your free copy. Keitbley Insruments. Inc., 
28775 Aurora Rd. , Solon. OH 44139. 

Keithley Insruments, Inc. 

For More Informacion Write In No. 351 
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PRECISION 
LINEAR 
COMPONENTS 
Featuring a wide rmge of 
linear devices in a variecy 
of materials. this 32 page 
brochure is the latest from 
Berg. Designed to comple­
ment the I nch and Metric 
cacaiogs it contains Linear 
Slides. Lead Screws. Linear 
Bearings and various 
Mounting Accessories. All 

designed and manufactured to meet tbe exacting 
demands of modern industry. 

W.M. Berg Inc. 
Tel: 516-596-1700; Fax: 516-599-3274. 

For More Informacion Write In No. 354 

VERSATILE 
CAM RUNS 
WITH ANY CAD 
Guaranteed CAD/CAM 
data trmslators. including 
IGES Version 5.1 with 
trimmed NURBS surtaces. 
Fast and accurate 3D sur­
face design . model. C 
programming md machin­
ing. Powerful DOS and 
32· bit Windows version . 

Call 800-488-3615 or 818-361-5605; Fa 818-361-1919. 

Surfware, Inc. 

For More Informacion Write In No. 357 
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LITERATURE SPOTLIGHT 
COUPLINGS 
FOR EXTREME 
ENVIRON­
MENTS 
New HFC-35 quick dis­
connect couplings an~ 

made from polysulfone 
resin for superior resistance 
[0 heat, cold, pressure and 
chemicals used in drinking 
water systems, food proces-
sing, chemical dispensing, 

phacmaceutical product transfer and equipment cooling. 
Couplings handle temperature extremes of -40 [0 280 OF 
(-40 [0 137.9 0c), repeated autoclaving, boiling water, 
oxidants and other chemicals. Tel: 612-645-oo9l. 

Colder Products Company 
For More Wormation Write In No. 358 

STANDARD 
METAL 
ENCLOSURES -=::-=-= Hamilton Electronic Corp.) 
Alga Div., is a specialist in 
fabricating seamless metal 
enclosures, panels, chassis, 
dust covers. MIL-T 27 
uansfotmer housings, filter 
cases, and RFJ/EMI shield­
ed enclosures. They pro-
vide a fiill line of scandacd 
metal enclosures and spe­

cialize in modifying standard pam [0 customer specs 
with no tooling charge. Materials include steel, alu­
minum, stainless steel, copper, brass, and mu-metal. Tel: 
201-487-455-; Fax: 201-487-8717. 

Hamilton Electronic Corporation 
For More Information Write In No. 381 

NEW XEROX 
3030 ENGI­
NEERING 
COPIER 
A full-color brochure 
details the 3030, a power­
ful point-of-need plain­
paper copier. The 3030 
copies documents up [0 36 
inches wide by any man­
ageable length at a speed of 

four D-size copies per minute, and copies from bluelines, 
CAD originals and cut-and-rape composites ontO bond, 
vellum or film. Roll-fed media loading is quick and easy 
and the 3030 also features a compact design. Call 1-800-
937-7397, ext. 8246 to request a brochure. 

Xerox Corporation 
For More Information Write In No. 363 

WHY COMPRO ­
MISE? MSCI 
NASTRAN 
POWER NOW 
AT A DESK­
TOP PRICE 
Now you can afford the 
world's most comprehen­
sive Predictive Engineering'" 
software. MSC has inte­
grated the solid modeling. 

FEM, and FEA pre- and postprocessing of MSC/ARlES 
with the simply powerful FEA solver, MSCINASTRAN. 
TIK price for this bundkd systml? Just $35,000 - 60% off 
!tpara/< Jist prietS. Call 1-800-642-7437, ext. 500. 

The MacNeal-Schwendler Corp. 
For More Information Write In No. 366 
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Thin, Strong, Lightweight 
Flexible, endless stainless steel belts 

for driving, conveying, timing, positioning. 
Excellent strength-te-weight ratios; 
up to 280,000 psi tensile strength. 

Widths 1 mm to 20', 
thicknesses .002' to .030', 

any length from 6' up. 

MEIAllElIS 
Precision POSitioning 

Virtually nonstretchable belts and two-ended 
drive tapes for indexing, timing, sensing and 

positioning with nearly zero backlash and 
position error. Smaller, simpler, lighter, less 
costly and more accurate than lead screws, 

gear trains, articulated anns, etc. 

Special Advantages 
Metal belts are ideal for automated 

manufacturing: inert, non-absorbent, easily 
cleaned; suitable for corrosive environments or 

clean rooms. Excellent high temp resistance, 
also thennaJly conductive for heat sealing and 

heat transfer applications. Electrically 
conductive, static-free. 

x 468, Agawam, MA 01001-0468 USA 
00) 528-6262 FAX(413) 789-2786 

Belts That Drive Productivity 
For More Informat ion Write In No. 4 18 91 
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Technology 2003 Conference Proceedings 
• 

If you missed the show, here's your chance to discover the best 
new technology being generated by u.s. government labs. 

Two-volume set features keynote addresses as welJ as 100 papers 
spotlighting new inventions with commercial promise in: 

* Artificial Intelligence * Environmental Technology 

* Biotechnology/M edicine * Advanced Manufacturing 

* CAD/CAE * Materials 
* Computer Hardware * Computer Software 

* Information Management . * Test & Measurement 

* Photonics * Power & Energy 
* Robotics * Virtual Reali ty / Simulation 

Only $9500 while supplies last 

Ship me _ set(s) of the Technology 2003 official proceedings 
at $9500 each postage·paid. (NY residents add sales tax to total.) 

Total enclosed: $, __ _ 

Name ___________________ __ 

Company _________________ _ 

Admess ___________________ _ 

City/State/Zip ______ _________ _ 

Phone# ________ Fax# _________ _ 

Mail with check or money order to: 
Technology Utilization Foundation 

41 East 42nd St., #921 
New York, NY 10017 

.1-or crrdil card orde,.,; call (212) -/90-3999. 

New on the Market 

The Checkpoint machine vision sys­
tem from Cognex, eedham, MA, 
combines the company's machine 
vision tools with a Windows inter­
face to enable users with minimal 
technical training to solve complex 
automated visual inspection tasks. 
The system can measure partdimen­
sions with sub-pixel accuracy, de­
tect the absence or presence of parts 
at rapid produdion speeds, align 
and place components, and verify 
parts assembly and positioning. 
ForMore Information Write In No. 708 

Keithley Instrument Inc., Cleveland, 
OH, has introduced TestPoint multi­
tasking object-oriented software to 
create custom test, measurement, 
and data acquisition applications 
for Windows without conventional 
programming techniques. TestPoint 
helps users develop test routines, 
process and display data, create re­
port files, and exchange informa· 
tion with other Windows appl ica­
tions sLich as spreadsheet and word 
processing packages. 
For More Information Write In No. 726 

Eledrascan Inc., Berkeley, CA, has 
developed a digital meter to non­
invasively measure voltage, current, 
and power. The VIP-500 senses and 
integrates the electric field surround­
ing a wire without contacting the 
conductors . The unit features a 
0-500 VAC voltage measurement 
range, a 0·200 A current measure­
ment range, and a 0-1 00 kW power 
measurement range. 
For More Information Write In No. 712 

RenderPrint™ software from Insight 
Development Corp., San Ramon, 
CA, produces fast, photo-rea listic 
3D images on any printer at full 
printer resolution from any graphics 
application. The program will con­
vert to and from most popular file 
formats, including BMP, GIF, IGES, 
)pEG, PCX, TIFF, TGA, and WPG. It 
works in AD I-protected modewithin 

~-------------I AutoCAD and other applications 
ND Industries Adhesives and Seal- such as AutoVision and 3D Studio. 
ants Division, Royal Oak, MI, has For More Information Write In No. 715 
formu lated a two-part structural f------- ---- -­
adhesive for permanent, produc­
tion-line bonding of metals, plas­
tics, ceramics, and wood. Unlike 
epoxies, the new ND 240015 re­
quires no mixing--simply apply the 
pri mer to one surface, the resi n to 
the other, and press the two surfaces 
together for a permanent bond 
within five minutes. 

The DESIGNBOOK portable com­
puter from TRI-STAR Computer 
Corp., Chandler, AZ, allows design 
professionals to work with high-per­
formance software such as Quark, 
AutoCAD, Pagemaker, and Multi ­
media. DESIGNBOOK offers up to 
20 MB of RAM, and incorporates a 
512k Cirrus Logic VESA Local Bus 
Video to provide up to 1024 x 768 
color resolution when connected to 
a external monitor. 
For More Information Write In No. 713 
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New on the Market 

TriposAssociateslnc., St. Louis, MO, 
has announced MatchMaker, soft­
ware that predicts 3D protein mod­
els by including interactions with 
neighboring residues. The program 
recognizes entire protein folds and 
families from sequences of globular 
proteins using a large database of 
known structures and is available 
on Silicon Graphics workstations, 
as a stand-alone, or as a Tripos 
SYBYL molecular analysis option. 
For More Information Write In No. 720 

The NP-1600, a 300-dpi color and 
monochrome network printer for 
homogeneous or heterogeneous 
TCP/IPor EtherTalk-based networks, 

1----------------1 has been introduced by Codonics 

Immersion Corp., Palo Alto, CA, 
has introduced the Immersion Per­
sonal Digitizer™, the first consumer 
product for digitizing 3D objects. 
Priced at$1575 (including software), 
the desktop unit traces object pro­
files with a pen-like stylus and stores 
them as a data set in standard for­
mats. The device functions as a full­
degree-of-freedom interface tool, 
al lowing digitized objects to be 
manipulated in 3D space. 

Inc., Middleburg Heights, OH. The 
NP-1600 uses dye-sublimation tech­
nology with 16.7 million simulta­
neously printable colors to produce 
continuous-tone prints. 
For More Information Write In No. 716 

Computer Witchcraft Inc., Louis­
ville, KY, has introduced WinNET™ 
Mail and News Version 2.0, the first 
Windows software to make the 
Internet accessible to ordinary PC 
users, eliminating the need to navi­
gate a terminal emulator, UNIX com­
mand prompts, or character-ori­
ented menus. Distributed free of 
charge, the software offers instant 
account registration, automated 
news subscriptions, and a multi­
document interface. 
For More Information Write In No. 707 

For More Information Write In No. 718 1----------------1 

Design Sciences Corp., Vienna, VA, 
has re leased Artificial Neural Sys­
tems-based software for modeling 
complex processes and building 
data-driven decision support sys­
tems. Dubbed DS2000, the pro­
gram offers an icon-oriented design 
that permits users to experimentwith 
configurations of multiple network 
models to construct powerful clas­
sification or pattern recognition­
based systems. It works with data 
from databases, spreadsheets, im­
age fi les, expert system shells, and 
simulation/modeling tools. 
For More Information Write In No. 709 

Two ultra-compact, sol id-state 
CCTV cameras have been unveiled 
by Chinon America Inc., Mountain­
side, NJ. The CX-060 micro-minia­
ture monochrome board camera 
measures 1 'I}' x 1 'I}' x 1 'I •• " and 
weighs just .59 oz.; theCX-062 color 
board camera weighs 2.3 oz. Both 
employ a 1/3 CCD type imaging 
chip for 250,000-pixel resolution 
and feature auto exposure capabil­
ity and automatic gain control. 
For More Information Write In No. 719 
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Z-World Engineering, Davis, CA, 
has unveiled the Little Star™ C pro­
grammable controller for manu­
facturing automation and OEM 
control applications. Measuring 4" 
x 5" and priced at $295, the unit 
features an operator interface, an 
enclosure with a built-in LCD, and a 
12-key keypad. Users can scan 
multiple menus and change system 
parameters using just five keys. 
For More Information Write In No. 727 

ERDAS Inc., Atlanta, GA, has re­
leased IMAGE RESTORA TIONTM, a 
resampling module that sharpens 
images by compensating for each 
sensor's inherent distortions and re­
storing brightness values present 
when the image was captured. Avai l­
able as an add-on to ERDAS IMAG­
INEoS, RESTORATION recredtes 
original scene radiometry for the 
Landsat and MSS, SPOT Panchro­
matic and XS, and AVHRR sensors. 
For More Information Write In No. 717 

Variseal W 

Low Friction Seals 
• Chemically inert 
• Low friction Turcorf' 
• Spring loads suited to 

your exact force and 
torque requirements 

• Pressures to 30,000+ psi 
• 1116" to 150" diameters 

Variseal™ W is our pressure­
activated seal made from low 
friction Turcon41 PTFE compounds. 
The unique Slantcoil™ spring pro­
vides consistent sealing load, with 
permanent elasticity over the life 
of the seal. Call for catalogs and 
technical support. 1·800·466·1727 

J!J..U American Variseal 
n'llf 510 Burbank Street 

Broomfield, Colorado 80038 
Fax: 303-469-4874 

A Member of the Busak+Shamban Group. 

For More Information Write In No. 449 

12 BIT, 20 MSPS AID < $5K 

Gage Applied Sciences Inc., the recognized world leader in ultra-fast 
PC based data acquisition and instrumentation , presents the 
CompuScope family: 

20 MSPS AID at 12 bit resolution, 65 dB dynamic range 
Up to 100 MHz AID rate at 8 bit resolution 
On-board memory up to 8 megasamples 
FREE GageScope software. Winner of BEST IN TEST 1993 
Multiple cards can provide up to 32 simultaneous channels 
C, Pascal, BASIC drivers, Windows DLL etc. 

CSLlTE 8 bit 140 MSPS 1 16K 
CS220 8 bit 140 MSPS 1 256K 
CS250 8 bit / 100 MSPS 132K 
CS1012 12 bitl20 MSPS/512K 

$595 
$1,995 
$3,500 
$4,995 

CALL 1-800-567-GAGE Inquire about our D/A cards 

Gage Applied Sciences Inc. 

5465 Vanden Abeele. Montreal, Quebec. Canada H4S 1S1 GaGa 
From outSide North America. call + 1-514-337-6893 
Fax : (514) 337-8411, BBS: (514) 337·4317 

For More Information Write In No. 465 93 



range 
Use - requires 

or no maintenance 
Cost - economical 

to buy and operate 

Headadle Relief. 

Ealadle Relief. 
Eliminate industrial strenglh noise wilh industrial strength 
relief Ihat won'l upset your stomach - or your budget: 

SONEX Noise Control Products. 
Call for your FREE SONEX brochure today. 

Ije illbruck 

94 

Minneapolis, Minnesota 

'·800·662·0032 
1·612·521·3555 

For More Information Write In No. 466 

New on the Market 

High-effiCiency ball screw actua­
tors are available in volume from 
Thomson Saginaw Ball Screw Com­
pany Inc., Saginaw, MI. Measuring 
0.375" diameter x 0.125" lead, the 
ball screw is suitable for push-pull 
mechanisms in consumer products 
as well as manufacturing and pro­
cessing equipment. The basic ball 
nuts can be fitted with a variety of 
housings or adapters, including in­
ternal trunnions, end flanges, and 
V-thread (inch or metric). 
For More Information Write In No. 724 

Innovative multiprocessor program­
ming software from Dynetics Inc., 
Huntsville, AL, allows users to pro­
gram by building block diagrams. 
Called DataFlo MP, it is the first 
complete graphical programming 
environment for both embedded and 
desktop mu Itiprocessor systems. Its 
basic library provides more than 
250 signal processing and data pro­
cessing icons. 
For More Information Write In No. 722 

A lineof microprocessor-based pro­
grammable voice products from 
Logical Products Inc., Gurnee, IL, 
can record and play back up to 300 
words, phrases, or sounds in their 
natural analog form. Prompted by 
input from clocks, calendars, tim­
ers, counters, data registers, or sen­
sors, the units speak clearly and 
naturally, offering customized, se­
quential instructions, information, 
or warnings. Two of the units in­
clude bright message displays. 
For More Information Write In No. 721 

The Sig32C-8 from Signalogic, Dal­
las, TX, combines the AT & T DSP32C 
32-bit floating point digital signal 
processor with eight channels of 
analog I/O on a 7.5" PC plug-in 
board. Each channel contains 16-
bit sigma-delta A/D and D/A con­
verters and programmable input 
gain, output attenuation, and sam­
pling rate. Sigma-delta technology 
gives each channel automatic anti­
aliasing and reconstruction fi lters. 
For More Information Write In No. 723 

-.../ 

The DKC-5000 CatsEye™ digital 
camera system from Sony Electron­
ics, Montvale, NJ. incorporates three 
440,000-pixel CCD chips, new spa­
tial pixel offset technology, and 10-
bit ana log-to-digital conversion to 
provide high-resolution images with 
excellent color fidelity in real time. 
Priced at $15,000, the system offers 
up to ten frame memories and can 
transfer images to a computer in 
10-20 seconds. 
For More Information Write In No. 714 

PowerPro, the industry's first high­
accuracy oscilloscope for power 
applications, has been announced 
by Nicolet Instrument Corp., Madi­
son, W I. Even in hostile electrical 
fie lds of 100 kV/m and 1000 A/m, 
the unit offers ±0.5% accuracy. Its 
25 MHz bandwidth is optimized to 
capture the fastest power transients 
but reject high-frequency RF inter­
ferencewhile ultra-low-noise 75 MS/ 

W:=~~~~~~:::::~~~~I s, ten-bit digitizers insure accurate 
Signal capture. Interactive Products Inc., Eugene, 

O R, has released VoiceMouse™ 
speech recognition software fo r 
Windows. The speaker-independent 
program provides contro l via voice 
commands fo r all popular software 
applications and featu res an unl im­
ited vocabulary. Compatible with 
all 8- and 16-bit sound cards, 
VoiceMouse is avai lable for$79 .95. 
For More Information Write In No. 725 

For More Information Write In No. 710 
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POSITIONS WANTED 
20 years in hybrid microelectronics; de­
signing, developing, and transferring new 
products into manufacturing. Developed 
reliable military power modules, sensors 
for cameras and hybrids for pacemakers. 
Also started up facilities to manufacture 
these high-reliability systems. By linking 
hybrid materials knowledge and sculp­
tured L TCC multilayer structure technol ­
ogy, new microelectronics packaging 
options can be developed. BS in physics. 
Box number 20C 

BS, MBNfinance, seeking sales/market­
ing position for instrumentation market. 
10 years in development of sales chan­
nels for both domestic and Pacific Rim 
territories. Excellentcommunication and 
negotiation skills utilizing strong analyti­
cal, financial and budgeting techniques. 
Let me help you increase your market 
share for new or existing products. 
Box number 21C 

Group supervisor/department manager, 
directing tbe design, development, fabri­
cation, and testing of devices, equip­
ment, and instruments. Assist upper and/ 
or corporate management in internal 
(company-wide) and external (industry­
wide) consulting activities. Assist mar­
keting and/or sales in planning develop­
ment of new products or product lines. 
Box number 22C 

Metallurgist, MS, PE, 25 years in metal 
processing, mechanical behavior, fail­
ures, QA, fabrication in steel, nuclear 
and related industries. Very computer 
literate. Familiar with simu lation, OR, 
math modeling. Technical training pro­
grams for all levels. Availableonconsult­
ingbasis. Ray Mignogna: 301-705-5678. 
Box number 23C 

BS in astrophysics with 3 years in project 
management seeks industry change. 
Desire research/laboratory environment 
in aerospace or environmental engineer­
ing company. Computer background in­
cludes PC/lAN based spreadsheets, word 
processors and graphics packages in both 
DOS and Windows. Excellent analytical 
and problem-solving skills. Independent, 
bright and thorough. 
Box number 24C 

BSChE, PE in seven states. 20 years in 
engineering, design, construction, man­
agement, marketing, sales, startup. Have 
worked extensively in a variety of indus­
tries as a process and industry and con­
trols engineer. Good verbal and commu­
nication skills . Looking for permanent, 
temporary, or project assignments. Tel: 
404-998-9485. 
Box number 25C 

Biomedical engineering Ph.D and MS, 
EE/CS/Sciences BS, business school 
graduate in management of technology. 
7 years in developing electrophysical 
instrumentation all the way from basic 
research through production. Excellent 
publication record. Younginnovatorwith 
strong management & interpersonal skills. 
Seeking R&D position in the biomedical 
industry. 
Box number 26C 
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MBA, BA, certified professional contract 
manager, with more than 14 years expe­
rience in all aspects of contract adminis­
tration and management. Solid under­
standing of FARlDFARs. Seeking posi­
tion as contract manager, contract/sub­
contract administrator. Will relocate any­
where USA. 
Box number 27C 

Creative thinking mechanical aeronauti­
ca I engi neer, MSME. Backgrou nd in struc­
tura�/aerodynamic design & analysis us­
ing composite materials. Math modeling 
and simulation software development 
with C, C++, FORTRAN. Hands-on ex­
perience with: FEM, composite manu­
facturing techniques, structural & wind 
tunnel testing and data acquisition. Mo­
tivated, available-call now! Gary 
Cohen: 415-292-2428. 
Box number 2BC 

Departing federal government's senior 
executive service. Over 25 years work­
ing for NASA, commerce, and DOD. 
Experience with technology develop­
ment, transfer, dual use, and export li­
censing. Available for temporary/perma­
nent as manufacturers representative and 
for liaison with federal agencies and 
Congressional committees. BSEE, MEA, 
BSBMGT, PE, FCC License. Fax: 703-
684-6371. 
Box number 29C 

Versati Ie quality/manufacturing engineer 
seeking challenging career with R&D, 
design, quality, and/or manufacturing 
group. MSME in manufacturing, experi­
enced in CAD, SPC, industria l and manu­
facturing engineering, defective material 
ana lysis and control, customer/vendor 
relations, testing procedures and MIL 
standards. Excellent on PCs, supervisory 
experience. Call Koch at 212-397 -8346. 
Box number 30C 

R&D position; Ph.D, ME ('88 Cornell). 
Strong background in computer model­
ing in thermo-fluids and tomographic 
image processing. 5 years consulting and 
R&D experience in modeling turbulent 
mixing flows, reacting flows, heat trans­
fer . CFD, kinetics codes: FIDAP 
PHOENICS, CHEMKIN. 10 years pro­
gramming experience: FORTRAN, PAS­
CAL, UNIX. Good publication record. 
Box number 31 C 

Civil (structural) engineer, PE computer­
ass isted design and drafting (frame analy­
sis and AutoCAD), human factors, and 
computer programming. BS: civil engi­
neering (12/93). BS: psychology, BS: sci­
ence, BS: social science, BS: general 
studies; AS: liberal arts, and AS: com­
puter science. 
Box number 32C 

BSEE with 8 years in the defense industry 
as a technician in the RF, microwave, 
and analog fields. Proficient in C, Assem­
bly, Pascal , AutoCAD, and have studied 
neural networks. Seeking entry- leve l 
position in any area of electrical engi­
neering that utilizes technical skills and 
provides new learning opportunities. 
Box number 33C 

Open-minded new grad seeks challeng­
ing position in ME design and manufac­
turing. Very committed and hard work­
ing. Recently completed BS at UC Santa 
Barbara. Has small business design and 
management experience. Ta lents include 
CAD, composite structures, negotiations 
and communications with other engi­
neers, customers, and vendors. Happy to 
travel or relocate. 
Box number 34C 

Extensive experience in system design 
and implementation, FAA overhau l docu­
mentation, aircraft engine overhaul/ 
workscoping--worldwide contacts. Con­
figuration management and contro l, 
Quality, SQA. TQM and SPC trained. BS 
mgt/math, MBA. Seeking a technical/ 
ma intenance position as airline customer 
rep, maintenance facility, or manufac­
tu rer. Direct or contract. W. Valent ine: 
316-442-3600, ext. 656. 
Box number 35C 

Magnetic device R&D specialist. Appli­
cations areas include transformers and 
inductors for communications, and low 
wattage power suppl ies. MSEE with more 
than 20 years in magnetic devices and 
materials, and holder of 5 patents. Avail­
able now for contract, consulting, or 
permanent employee position. 
Box number 36C 

Ph.D in computer science seeks R&D 
position in software engineering. Thesis 
in software complexity metrics. Research 
interests include software quality, soft­
ware testing, fault-to lerant computing, 
and compu ter graphics. Several yea rs 
experience developing software in C in 
C++. Fami liar with UNIX, VMS, X Win­
dows, Ada, FORTRAN, 8088 assembly, 
GL, PostScript, and TCP/IP. Knowledge 
of FEA, CAD tools, and 3D visualization . 
Willing to relocate. 
Box number 37C 

Technology applications analysis, sys­
tems engineering, and high level new 

project/program feasibility studies & 
management. Expert in financial com­
petitiveness and valuation analysis. BS & 
MS mechanical engineering (PE), MBA 
finance. Seeks position with corporate! 
government financial/engineering group, 
management consulting, investment 
banking/venture capital firm. Tel: 310-
498-8768. 
Box number 38C 

Motivated staff electrical engineer, BSEE, 
MSM, PE experienced in hardware, soft­
ware, and system design, development, 
integration, and test. Also management 
of proposals, engineering projects, and 
R&D contracts. App lication areas include 
inertial gu idance systems, si mu lators and 
trainers, display systems, ai r traffic con­
trol, communications, digita l comput­
ers. Skilled in communications, customer 
relat ions, and contract negotiations. 
Box number 39C 

BSEE diversified engineer for responsible 
design, professional review, management 
and technical assistance, energy reviews, 
maintenance, power and controls, haz­
ardous areas and billing ana lysis for a 
variety of industries. Hazardous waste, 
environmental, industrial , chemical, 
steel, munitions, and projectiles. Famil­
iarwith PLC/DCS, codes, standards, speci­
fications and PC programs. Tel: 713-
952-2561. 
Box number 40C 

Senior engineering executive w ith record 
of success in project management, de­
velopment, and marketing of telecom­
munications products. Strong technical 
background and bottom-line orientation. 
Experienced in product development life 
cycle, manufacturing operations, and to­
ta l quality improvement methods. MBA 
Program/MSEEIBSEE. Fu ll-time or con­
su ltant in product development, project/ 
program management, process reengi­
neering, or tota l quality management. 
George A. Vincent, Tel: 817-281-7940. 
Box number 41 C 

To Request Resumes: 

• • • • • • • • 

To obtain resumes corresponding to the above ads, fill 
out this form and mai l to: Gregg Mcq ueen, NASA Tech 
Briefs, 41 East 42nd St., New York, NY 1001 7; or ca ll 
1-800-944-NASA and ask for Gregg McQueen. 

Send resumes for the fo llowing box numbers (li mit 5): 

Box. ___ _ Box ___ _ Box __ _ 

Box ___ _ Box. ___ _ 

• Name: 

• Company Name: • • Street Address: _____________ _ 

• • • • • • • • • • • • 
• City/State/Zip: • 
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DYNAPRO 
THIN FILM PRODUCTS, INC. 

7025 W. Marcia Road • Milwaukee, Wisconsin 53223 
Telephone: 414-365-3555· Fax: 414-365-1133 

For More Information Write In No. 470 

New literature 

A 20-page catalog from Eastern Air 
Devices Inc., Dover, H, highlights 
brushless DC motors in frame sizes 
from 1" to 4.38", including two new 
sizes, 3.38" and 4.38". As a result of 
magnetic design improvements, 
longer stack lengths, higher speeds, 
and higher torque ratings are avail­
able for all of the company's motors. 
For More Information Write In No. 730 

A brochure from GW Instruments, 
Somerville, MA, showcases Super­
scope II, Macintosh-based software 
that can digitize, analyze, calcu­
late, graph, and create databases 
for waveforms in real -time with the 
help of the company's data acquisi­
tion hardware. The program includes 
a strip chart recorder, oscilloscope, 
spectrum analyzer, and XY recorder. 
Itcan digitize long continuous wave­
forms, spool them to disk, plot and 
analyze every point, allow on-line 
annotation, and support post-acqui­
sition viewing. 
For More Information Write In No. 732 

Balluff Inc., Florence, KY, has pub­
lished a 6S0-page catalog of indus­
trial automation control equipment. 
The company offers a wide range of 
switcheS-including proximity, op­
toelectronic, mechanical limit, ro­
tary positioning, linear position, and 
programmable limit-as well as 
electronic identification systems, 
and motion contro l devices. 
For More Information Write In No. 733 

Miles Polymer Division, Pittsburgh, 
PA, has released a 32-page design 
guide detailing numerous joining 
techniques for a variety of engi­
neeringresins. Plastics}oining Tech­
niques covers mechanical fasten­
ing, ultrasonic assembly, metal in­
serts, snap and press fits, heat weld­
ing and seali ng, and solvent and 
adhesive bonding. 
For More Information Write In No. 729 

An 800-page update of the Numeri­
cal Control Software Buyer's Guide 
from CIMdata Inc., Ann Arbor, MI, 

1---------------1 describes products fro"m 32 vendors 
A handbook on self-clinching fas­
teners has been published by Penn 
Engineering and Manufacturing 
Corp., Danboro, PA. The 12-page 
guide offers an overview of the self­
clinching process, types of fasten­
ers, and installation procedures. In­
cluded are answers to common ly 
asked questions and a glossary of 
technical terms. 
For More Information Write In No. 728 

Power conditioning products and 
loss prevention programs and ser­
vices are highlighted in a catalog 
from EFI Electronics Corp., Salt Lake 
City, UT. The company offers facil­
ity-wide solutions to power and data 
line protection from transient volt­
ages and other problems found in 
commercial, industrial, and medi­
cal facilit ies. The catalog addresses 
power quality specifications, net­
work power management software, 
and power and data line protection 
products for PCs, workstations, copi­
ers, fax machines, laser printers, and 
laptop computers. 
For More Information Write In No. 734 

for mainframe, workstation, PC, and 
Macintosh systems. New products 
include CAM-POST from ICAM 
Technologies, Generative Machin­
ing from SDRe, PAMS from 
Path trace, Personal Machinist from 
Computervision, Prelude Manufac­
turing from MA TRA Datavision, and 
Virtual Gibbs from Gibbs and Asso­
ciates. 
For More Information Write In No. 731 
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QuickStart™ Software Cuts Development 
Time 
QuickStarr™ soft­
ware from Berkley 
Process Control 
eliminates develop­
ment costs associat­
ed with machine 
control system start­

l
J1l1J1 

.:-111111 :11 
' - ' , . . . 
~ 

up and configuration, motor tuning, and hardware diagnostics by providing 
these standard functions on powerup. Designed for the multi-axis Bam™ Series-
64 Machine Controller, QuickStarr's facilities can provide intuitive touch 
screen operation for a wide range of industries. Write In No. 567 

LE-900 Space Camera 
The LE-900 series of video 
cameras is designed for use 
in extremely high altitude 
or for orbiting spacecraft 
applications. They have 
proven to operate and with­
stand the rigors of the high 
shock and vibration, tem­
peratu re extremes, and the 
vacuum conditions found in space. The cameras have also found use inside vac­
uum chambers to monito r internal events and testing. The camera includes an 
integrated lens with field-of-view choices from wide angle to telephoto. The 
LE-900 is vacuum operation prepared with no out-gassing materials used. Full 
automatic exposure/shutter control camera functions can be switched and 
remote controlled via RS-422 or TTUCMO levels. Video Output is RS-170 
or differential. Imager is 112" interline tran fer 768H x 493V CCD. Options 
include color, image intensifier, and digital video Output. Each camera is certi­
fied by vibration and thermal-vacuum testing before delivery. The LH-900 is a 
flight proven imaging system. For more information call Rick Clifford at Lido 
Engineering, (714) 645-2935. Write In No. 568 

NEW Dis£ount Pri£e 

Send __ NASA Calendar(s) at 
$5.95 each. Add $5.00 for ship­
ping and handling charges. 
Orders from S51.00 to S100.00 add ship­
ping and handling charge $8.50 (NY resi­
dents add sales tax to total) 

Name ____________________ __ 

Company __________________ __ 

Address __________________ _ 

City/St/Zi p, _________ __ 

NASA Tech Briefs, April 1994 

A Calendar featuring each 

month breathtaking four­

color photographs of the 

space shuttle in action! 

Dates and space launches 

from the 1960s to present 

included. Printed on de­

luxe coated stock with 

laminated colorful covers. 

Originally $10.95. this cal­

endar is now offered at 

the discount price of $5.95. 

Mail to: 
NASA Tech Briefs, Dept F 
41 E 42nd St.,1921 
New York, NY 10017 
For Credit Card Orders 
Call (212) 490-3999 

Advanced Com­
posite Construction 
Brochure Literature 
Review 
HEMCO 
Corporation is 
pleased to offer 
their brochure 
"Advanced 
Composite 
Construction. " 
Featuring the 
largest selection of advanced composite 
fume hoods in the industry, HEMCO 
has long been at the forefront of 
advanced composite technology. This 
brochure derails the construction fearures 
of the HEMCO advanced composi te 
fume hood and present the advantages of 
advanced composite technology: light 
weight, high suength, and resistance to 
heat, chemicals, and corrosion. For more 
information on HEMCO producrs, call 
(816) 796-2900; Fax: (816) 796-3333, 
or write: H EMCO Corporation, I I I 
North Powell , Independence, MO 
64056. Write In No. 569 

T-SHIRT 

DSWArray Processors 
Plus Graphics 
Microway, Kingston MA, is pleased to 
announce tWO new products. An 
860XP/EISA DSP or array processing 
card that combines a 400 M B/Sec 
memory system wi th the XP's 100 
megaflop speed , plus a G rap h ics/ 
Plorting package for our NDP family 
of 32-b it 386/486/Pentium Com­
pilers. These products join our 200 
megaflop Q uadPuters-860 and can be 
used to bui ld systems which have up 
to a gigaflop of throughput. Call 508-
746-7341 o r fax 508-746-4678 fo r 
information. Write In No. 570 

O FFI C IAL COM­

MEMORATIVE T-SHIRT 

OF THE 40TH PARIS 

AIR SHOW FEATURES 

A STR I KING FULL ­

COLOR DESIGN ON A 

BLACK SH I RT. ADULT 

S IZE S AVA I LABLE . 

ONL Y $14 . 95 EACH 

PLUS $4 .00 POSTAGE 

AND HANDLING. ( NY 

RESIDENTS ADD SALES 

TAX TO TOTAL. ) 

S END CHECK OR 

MONEY ORDER TO: 

NASA TECH BRIEFS, 

DEPT. F, 41 E. 42ND 

ST., # 921 , NEW YORK, 

NY 10017. 

FOR C REDI T CARD 

ORDERS CALL ( 212 ) 

490- 3999. 
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MARKETPLACE To Advertise-Call 490-3999 

Be t Value in the World 
Jor 

POL YIMIDE & FR4 
1 to 5 DAY TURN 

110 12 uyas 
PRINTED CIRCUIT PROTOTYPES .. .. 

LAYERS 1 2 3&4 5&6 7&8 

IS S233 $292 S639 $787 $93S 
SOUAAe 30 264 330 72' 881 1058 

INCH 
60 311 389 8S3 1049 1137 UP 

!Q 90 3S8 448 980 1207 1434 

120 38S 488 1044 1311 1559 

• 5 PIECES x 1.34 • 5 DAY PRICES ABOVE 
• 10 PIECES x 1.67 • UL LISTED 

, 0 . : 

. . . . .. . . 
--a 5% _ coo 

10% .. . 
Ken Bahl • 1108 W Evelyn Ave., SUMyvale, CA 94086 

Pho""(40lS)735-71~7 FAX (40lS)735-14Ol! Modem(408)735-9842 

For More Information Write In No. 472 

Specify PEM phillips drive self-cllnchlng panel 
fasteners. These stainless steel fasteners meet UL 
1950 ' service area access' requirements and 
come in assorted screw lengths. They install as 
one pre-assembled piece wijhout any swaging or 
flaring and become permanently captive In the 
panel. To learn about our complete line 01 low-profile, 
Hush-mounted, phillips head and standard drive 
panel lasteners, contact Penn Engineering & 
Manufacturing Corp., P.O. Box 1000. Danboro. PA 
18916. Fax: 215-766-0143 oreall: 1-800-237-4736. 

Clinch it with PlIII 
F"'STENERS & PRESSES ~ 

130 V 0 1994 

Newest in Z-~r1d 's 

line of C-programmable 
miniature controllers, the tittle Star'" 

has 16 protected digital inputs, 14 high-current driver out­
puts, RS2321RS485. banel)'-backed RA.'f and real-time clock, 
programmable llmers, watchdog, and more. The tittle Star is 
also avali2ble with enclosure and LCD. keypad, expansion 
cards for additional VO, and opl1onal 18 MHz clock Our 
easy-ta-use, yet powerful DynalllJc C'" development sy tem 
( 19)) mtegrates an editor, compiler, debugger, and dozens 
of software libraries all in source code. The wltle tar is 
ideal for OEM control apphcations. manufacrunng automa­
lion. test and data acquisItion 

Z+-Hour AutoFax 1724 PIcaSSO Ave mil 
916';30618 C111 I}.IVL,. CA 95616 
lrom ),our FAX 916.7;7.373' 'f' 
R"'IUN (",,,IOj! 18 916.753';141 FAX ~!iiiI •• IIII. 

For More Information Write In No. 592 
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The Direct Link Between 
Imaging and Video 

For all Teleradiology Systems 
and Video Recorders 

Real Time Scan Conversion 

Automatic Synchronization 
to Different Imagers 

Adjustment Free Installation 

Other models available 

RGB Spectrum 
Tel: (510) 814-7000 Fox: (510) 814-7026 

For More Information Write In No. 462 

LATDT MODIIUI: 
FLAT &cRIEEN 

MULnSCAH8 AGe 
FOR SUN. DEC, 
HP.PC, MAC 

ANOOTHIER 
TIONS 

Spring-Energized Seals 
for Low and High Pressures 

• Low friction, chemically inert 
Turcitee seal compounds 

• Vacuum to 30000+ psi 
• -350 to +S7soF 
• Standard, metric and custom sizes 
• Call 1-800-466-1727 for information 

N American ~ariseal 
p.o. Box 1479 
510 Burbank Streel 
Broomfield, Coforado 80038 
Fax: 303469-4874 

For More Information Write In No. 464 

4MEG 
VIDEOTN 

Model 12 
Aexible Image Capture, 
Processing, & Display 

Board for the PC 

• 8.000 -4 Pixels per Une 
. 16.000 -t Unes/ lmage 
• SOMHz -2 MHz Sampling 

& Display Rata 

. ~n~~~~~~~ 
• On-Board DSP 
• Programmable Non­

Standard. RS-170, & 
CCIR Video Formats 

• Area or Una Scan Input 
• Extensive Software 

38t LeX<ngton Drive 
Buffalo Grove, IL 60089 
Tef /7OS 465 1818 
Fax/70s 4651919 
C l54-EPlX. Inc . USA 

Write In No. 

NEW ENCLOSURES CATALOG fROM BUD 

Bud Indusnies, Inc., the notion's IeOOtng eIec1Tooic ancIosure moooioctul­
er, offers 0 new, 6(}poge rotoIog feoturing a complete ine ri s1undotd, 
off-~ enclosures and occessories. With fuR.<o1or ibtrn1ions, tt pr0-

vides design feotures, technicd 0010 000 ooIering infotTOO1ioo 00 over 
3,000 product combinations. Bud eodosures range in size from Iotge 
cabinel lOCks and work sfUlions to desktop and portable instrument 
cases, as wei as 0 pIostic enclosures. 

BUD INDUSTRIES, INC., 4605 Egg 3551h Street, 
WiUooghby, OH 44094. Phone: 216-946-3200. FAX: 216-951-4015. 

FREE! 
130 

Page 
Catalog 

"Optics 
for 

Industry" 
Fref! 130 page product catalog from Rolyn, 
world's largest supplier ot "Oft-the-Shelf" optics. 
24-hour delivery of simple or compound lenses, 
filters, prisms, mirrors, beamsplitters, reticles, 
objectives, eyepieces plus thousands of other 
stock items. Rolyn also supplies custom prod­
ucts and coatings in prototype or production 
quantities. ROL YN OPTICS Co., 706 Arrowgrand 
Circle, Covina, CA 91722-2199, (818)915- 5707, 
FAX (81 8)915-1379 

For More Information Write In No. 477 
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M ARK ETP LA C E To Advertise-Call (212) 490-3999 

I '1m; ,):J ·'t,'.,m; 't\! 
Use Aremco's high temperature 
adhesives, coatings and potting 
compounds for design, process 
and maintenance applications to 
3200 of. 

Some of the Many Uses for 

Aremco's HI·Temp Materlall~s~: _~====~ 
I!i Feed-1lIIs&Qmms 
I!i Ceramic Insulation 

I!i Probes & Sensors I!i Metal Castings 
I!i AnaIyIIcaIlnstruments I!i Electrical Assemblies 

I!i Igniters I!i I-li-nlnsllyI41tBulbs 
I!i Combustion Systems I!i AlRlMUCIIIMJIfE •• .1 

Call today, or fax/mail your request, to receive prod· 
uct literature and technical assistance from 
Aremco's sales engineers. 

~ AREMCO PRODUCTS, INC. 
~ P.O. Box 429, OSSining, NY 10562 

Tel: (914) 762·0685 • Fax: (914) 762·1663 

For More Information Write In No. 485 

RUGGED, HIGH PERFORMANCE AND 
LIGHT WEIGHT SYSTEM WITH 

FLAT PANEL VGA DISPLAY 
ST·3000EL STANDARD FEATURES INCLUDE: 
• 12 SLOT PASSIVE BACK PLANE, 300W POWER SUPPLY 
• 80486DX CPU CARD AT 50/66 MHZ, UP TO 32MB RAM 
• 640X480 RESOLUTION. 16 GRAY LEVELS. 10' AMBER 

ELECTROLUMINESCENT DISPLAY 
• 1.2 MB AND 1.44MB FLOPPY DRIVES, DUST PROTECTED 
• FIXED OR REMOVABLE HARD DISK FROM 80MB TO 1.2GB 

FULLY SHOCK AND VIBRATION PROTECTED 
• 2 SERIAL AND 1 PARALLEL PORTS, MS DOS 6.0 

ALSO AVAILABLE WITH PASSIVE OR ACTIVE COLOR LCD VGA 
OISPLAY AND 803860X/SX CPU CARDS IN VARIOUS AND CUS· 

TOM CONFIGURATIONS, FOR FURTHER DETAILS CONTACT: 

IBI SYSTEMS INC .. 6842 NW 20 AVE 
FT. LAUOERDALE, FL 33309 

305-978'9225 FAX: 305-978-9226 

For More Information Write In No. 483 

SCSI 
That Goes the Distance 

I 
7171 Ronson Rd., San Diego, CA92111 

(619) 560-7266 Fax: 619-560-8929 

For More Information Write In No. 484 
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DA500 
Waveform 
Capture Board 

• 7.0 effective bits at 250 MHZ 
signal 

• 200 MB/SEC auxiliary bus 

• Memory expandable to 
1 gigabyte 

• 350 MHZ analog bandwidth 

• 2 analog input channels 

• ISA compatible board 

For More Information Write In No. 481 
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SURFACE 
MOUNT 

ADHESIVES 
Designed To Your Specifications 

• One part system 
• Exceptionally fast cure speeds 

at low temperatures 
• Highly controllable thixotropy 
• Long storage stability without 

refrigeration 
• Convenient packaging 
• Superior bond 

strength 
• Void-free cures 
• Repairability 

• Connects to your PC printer port 
• Get up and running in 10 minutesl 

Only $460 for complete dual axis system 
• Includes motors, driver, software, cables 
• Includes Basic & C language libraries 
• Extensive technical documentation 
• Larger systems available, size 23 & 34 

Integrate with data acquisition products 
• 30 Day money back guarantee 

POSITIONING TABLES 

18" XY table only $799 
• Use with any size 23 motor 
• X, XY & XYZ configurations available 
• XYZ robotic workcells under $2500 

Free Information - Call Now 
Ph: (817) 571-4528 Fax: (817) 571-2317 

P.O. Box 1574 Hurst, TX 76053 USA 

For More Information Write In No. 423 

THE TECHNOLOGY CONNECTION 
To Advertise Call (800) 944·NASA 

Engineerint! & I I S P h 
~:::S'C:ie:n:t~iji~c:S:'O~~:lt:,wa::r:e::~ ~;;;;;;;;;;t;r;a;t;e~;;·c;;;a;rt;,;,e;n;;;~;s;;;;;;;;~ 

Engineering, Scientific 
& Technical Software 

Free Catalog! 
Call 1.800.622.3345 

Software for Science is your 
source for the best value in 
engineering, scientific and 

technical software. 
More than 1,000 products. 

1.312.472.0444 
1.312.472.0472 

2231 N. Clyboum Ave. 
Chicago. IL 60614·3011 

STRATEGIC PARTNER 
UCE Inc., a liquid crystal technology company, seeks 

a strategic partner or financial support for the develop­
ment of a large flat panel display for computer and 
HDTV applications, and a solid fiber optic switch to facil­
itate neighborhood, national, and world communications. 
UCE has worked with virtually every type of liquid crys­
tal, including water clear scatter, solid plastiC encapsu­
lated, ferroelectric, and electro clinic. These materials 
also may be packaged in various envelopes and config­
urations for special applications. 

UCE I 35 Rockland Road, Norwalk, CT 06854 
DC. Tel: 203-838-7500 Fax: 203-838-2566 

CaU For Nominations 

NASA SOFTWARE 
OF THE YEAR AWARD 

NASA 's Office of Safety and Mission Assurance COSMA), 
Washington, D.C ., in conjunction with NASA's Inventions and 
Contributions Board CICB) , has announced the Software of the 
Year Award to recognize software or software technology 
used by NASA. The award, which will include a plaque and a 
monetary award of up to $100,000, will be presented to the 
author or authors of software programs or technologies pro­
moted, adopted, sponsored , and deemed significant in the 
performance of NASA space and aeronautics activities. For 
information on the award criteria, contact Don Sova , Manager 
of Software Engineering, NASA Headquarters, Tel: 202-358-0534. 
Entries must be submitted no later than June 1, 1994. 

MARK YOUR 
CALENDAR 

Technology Tmntlfer 

now for Teclmology 2004, November 8-10, 

1994 Washington, DC, Convention Center 

For information on attending 01' exhibiting at this premier 

showcase of new technology. call (800) 944-NASA. 
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BEFORE WE CAN 
TELL You WHAT'S WRONG, 

WE'LL HAVE To TAKE 
YOUR TEMPERATURE. 

Even on dte smallest hybrids, the 1Q 325's 
high resolution imagery unveils fine details 

such as a non-working die (cross hairs). 

The IQ 812 detects thermal differences 
across dle surface of dlis silicon wafer. 

That could be a yield problem. 

The IQ 812 dis plays dw most minute 
temperatlLre deviations to inspect 

composites for def ects that may lead 
to catastrophic failu.re. 

Inspect power eqlLipmentfrom 
a moving vehicle with the 1Q 325's 

real-time imaging capability. 
~~ 

At break-out, 'real-time imaging can 
check a m etal casting 's quaUty via its 
temperature values and distribwion. 

Despite a hot, humid environment, 
the IQ 812 system confirms uniform 
moi.sture contellt in this high-speed 

paper production process. 

The rugged IQ Series can monitor on-line 
processes-such as inductive heating of 
components- in factory environments. 

A thermal video system can 
show you a hot comp01tent and, with 

hard-disk image storage and retrieval, 
allow on-the-spot trend analysis. 

The IQ Series Model 325 detects short 
wave infrared radiation, w hile the Model 

812 detects long wave infrared. 

With their excellent image quality and built-in processing power, FLIR Systems' 
thermal video systems can give you a new perspective for your industrial applications. 
And our handheld systems let you take thermal imaging wherever you need it. ·FSI ¥ FUR SYSTEMSN 

For a copy of case studies describing the above thermograms, or a demonstration 
of FLIR Systems' thermal imaging products call 1-800-322-3731, or fax 1-503-684-5452. 

For More Infonnation Write In No. 660 

16.505 SlY 72nd Awuue 
Puytlcmcl. OR 9722-1 
(50.J) 684-.l7J / 



• Open software architecture 
• Hierarchical Design 
• Simulation at executable (not 

interpretive) speed 
• Industry Standard Real-time 

DSP Board Support 
• User Controls for custom dials, 

knobs, meters, etc. 

• C source code generation 
• Support for many different DSP 

chips (fixed and floating point) 

• Automated block generation for 
user developed blocks 

• Run-time support for user­
developed applications 

• New Advanced Transmission 
library for specialized communi­
cations projects 

• Many new functions and trans­
forms, including Wavelets 
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