


New! From n: OMEGA 
CN1200 Series 

Universal 
Digital 

Controller 

From $250 

Thermocouple 

Wire 

Teflon® Coated 

Priced by the Spool 

ModelOP462 

Temperature 
Indicator 

$328 

Model HH110 

Digital 
Thermometer 

$85 

Model HH·82 

Handheld 
Digital 

Thermometer 

$169 

OS60 Series 

Fixed Infrared 
Temperature 

Sensor 

From $545 

Model CN310 

Temperature 
Controller 

$199 

TX90 Series 

Miniature 
Transmitters 

From $125 

88000 Series 

Surface 
Probes 

From$110 

Model CL·307 

Thermocouple 
Calibrator 

$495 

OP10 Series 

Digital Panel 
Meter 

From $425 

SA1 Series 

Self·Adhesive 
Thermocouples 

$60/5-pack 

CN350 Series 

1;1 6 DIN 
Temperature 
Controllers 

From $99 

Model 115 

Digital 
Thermometer 

$155 

From $299 

CN9000 Series 

Miniature 
Temperature 

Controller 

From $199 
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'" 110 4U .. . 

T\-I!·I05 

Non· 
Reversible 

Temp. Labels 

$19/1O·pack 

All These Products 
and Many More! 

Widest Selection of Temperature Measurement and 
Control Products Available 

For FREE Handbook call (203) 359-RUSH. 
r--------------------, 
I Name I 

OMEGA Engineering provides 
customers the world over with the 
technology and innovation they need 
to master their temperature 
measurement and control 
requirements. OMEGA Handbooks 
and Encyclopedias have long been 
the trusted source for quality sensors 
and instrumentation for Industry, 
Research , and Education. 
Our knowledgeable sales 
representatives and product 
engineers support OMEGA's 
unyielding commitment to complete 
customer satisfaction . Wherever you 
are, ordering from OMEGA is easy 

with toll-free sales and technical 
assistance during business hours 
coast-to-coast in the U.S. and 
Canada, 24-hour FAX ordering, and 
a full staff of international specialists. 
For your custom design 
requirements, let our applications 
engineering staff show you how we 
can custom design the right product 
to your exact specifications. 

call Sales Toll·Free at 

1·800· Te·OMEGA 
IN CT (203) 359·1660 

I I 
I Address I 
I I 
I City State Zip II 
I I 
I Please send me the following FREE I 
I OMEGA Handbooks: II 
W 0 Temperature 0 pH I 
db 0 Pressure 0 Data Acquisition I; 
I 
I 

o Flow 0 Electric Heaters 

I Mall To 

I l'E OMEGA ENGINEERING 
I One Omega Drive, P.O. Box 4047 
I Stamford, CT 06907 
L ______ J~~~9~~~ _______ J( 



• M ATRIX COMPUTATION 
• SIGNAL PROCESSING 
• LINPACK AND EISPACK ALGORITHMS 
• 2-D and 3-D GRAPHICS 

MATLAB is an interactive system for scientific and 
engineering numeric computation. Problem and 
solutions are expre sed just a they are written 
mathematically -- without traditional 
programming. As a result, you can solve numerical 
problems in a fraction of the time required to write 
a program in Fortran, Basic, or C. 

MATLAB has rapidly become an industry standard 
for engineering and scientific research. Its unique 
interactive interface, algorithmic foundation , easy 
extensibility, and speed make MATLAB the 
software sy tern of choice for high productivity and 
high creativity research. 

Over 200 Buj!t-in Functions 

• eigenvalues • 1-0 and 2-D FFf 
• least squares • matrix arithmetic 
• inverse • complex arithmetic 
• p eudoinverse • multivariate statistic 
• cubic splines • polynomial arithmetic 
• quadrature • nonlinear optimization 
• convolution • diff<;rential equations 
• interpolation • linear equation olving 
• curve fitting • windowing functions 
• singular value decompo ition, and more 

2-D and 3-D Color Graphics 
With MATLAB, you can create high-resolution, 
publication-quality 2-D, 3-D, linear, log, semi log, 
polar, and contour plots on your plotters, dot-matrix 
printers, and laser printer . 

3·0 Mesh Surface Plots 

AT IS. trIdenwk orlBM Macmtosh IS I U'ldtmark of AppleCompuler. Sun I llrackmar1t of Sun 
Mkrosysltm Apollo is I trademark of Apollo Computen. VAX and VMS are tnKSemarks or DEC. 
Unix 1$ I trackmarkof AT&T. MAnAB i I U'Idemlrk of1'he MIlhWOfk • Inc. 

(omputel \ 

( PC ond RT Compotibles 
( 80386 Computers 
( Mocintosh 
( Sun Workstotions 
( Rpollo Workstotions 
( URH/UMS ond UniH 
( I) tlwr I: Oml)lJ tNs 

Open and Extensible 
MATLAB is a fully exten ible environment. Create 
functions and programs rapidly -- without the time­
consuming compiling, linking, and complex syntax 
of traditional languages. Our open-system 
philo ophy give you access to algorithm and source 
code so you can edit functions or add your own. 

Opti~ma~ Toolbo~es exten~ .N.1ATLAB by providing 
applicatIon-specific capabilIties, such as parametric 
modelling and control system design. 

Fast, Accurate, and Reliable 
MATLAB 's import/export facilities provide access to 
your data. MA TLAB can handle lots of data -- and 
do it fast, fully utilizing all available floating point 
hardware for maximum performance. You won't 
have to question the result either -- the algorithms 
have been programmed by leading experts in 
mathematical software. 

Benchmarks (20 MHz 386-based PC) 

20x20 matrix multiply 0.05s 
20x20 inverse O.lls 
20x20 eigenvalues 0.6s 
1024 point FFf 0.16s 

MA TLAB is the teaching and research system cho en 
by Computer Science, Engineering, and Mathematics 
departments at most top un iversities. These creative 
researchers use MATLAB to design algorithms that are 
at the cutting edge of technology. As a re ult, you are 
~ssured of an e~citing future of new developments, 
Implemented With the speed, power, and flexibility 
that have made MA TLAB a standard. 

,-- ----- --------
I Please provide additional information! 

I 
I 
I 
I 

Name _____________ _ 

Company ___________ _ 

Dept. 
Addr. 

I City ___________ _ 

I State, Zip __________ _ 
I Tel. _____________ _ 

I Computer ___________ _ 

The 
MATH 

21 Eliot Street 
South Natick, MA 01760 

(508) 653-1415 
Telex 910-240-5521 ~ 

-------------~~~ 
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Requirements Analysis 
Cadre's Unified CASE product family brings software design 
automation to the entire systems development Ii fecycle , from 
requirements analysis through to product test. 
Requirements analysis extracts product function and behavior 
from fundamental system requirements. Workstation-based 
Teamwork and ADAS describe system requirements and 
evaluate tradeoffs between cost and performance. 

teamwon 
Winning teams depend on it. 

Design & Code 
With requirements analysis completed, project teams imple­
ment software design and program logic using Teamwork. 
DeSign converts directly to code using Ada and C Source 
Builders, improving consistency and product maintainability. 
Cadre's networked Unified CASE environment moves design 
teams quickly through the product Iifecycle to develop 
supe~ior products. 

CADREmean~ 
PathMap, PROBE, Software Analysl 1I'orkllatlon , Unified CASE , Ada Source Builder, and C Source Bulldtr are trademarks of Cal 



Test & Integration 
Cadre's Unified CASE test products debug and test embedded 
software directly in target hardware. Test data automatically 
annotates original design for complete traceability. 
Cadre's Software Analysis Workstation , or SAW, measures 
execution and performance of embedded software. PathMap, 
Cadre's Run-time Reverse Engineering tool, creates design­
level Structure Charts from actual code executing in target 
hardware. PROBE in-circuit emulators allow software engineers 
to operate from their own workstation platforms. 

Unified CASE 

Ongoing Product Support 
The Unified CASE product family includes Cadre's respon­
sive customer service, specialized training programs, con­
sulting services, and ongoing product enhancements. How 
can Unified CASE improve your products? To find out 

Call (401) 351-CASE 
When critical systems need to be developed, project leaders 
call for Unified CASE solutions. Available only from Cadre. 

CADRE Cadre Technologies Inc. 
222 Richmond Street, Providence, RI 
02903 U.S.A. (401 )351-2273 

Winning teams lkpend on us. 
gleslnc . Teamwork Is a regl tered trademark of Cadre Technologies Inc . ADAS lsa trademark of the Research Triangle Institute . Circle Reader Action No. 424 



NEW! 
A 12-bit slow scan CCO camel'a ... 
at hall the cost 01 othel' cooled 
CCO camel'as. 

Also in Europe: Photometries GmbH 
OSkar-Coester-Weg 5 
0-8000 Munchen 71 
West Germany 
Telefax: (0 89)79 97 15 
Telephone: (089)799580 

Introducing the SERIES 300 
CCD Digital Camera System 
Now you can replace noisy vidicon, 
SIT, intensified CCD or other low 
performance cameras with the 
new Photometries Series 300 
digital camera at a very attractive 
price. The Series 300 features: 

• Scientific-grade CCO (576 x 384 pixels) 
- rugged, no distortion 

• Built-in thermoelectric cooler (-45 "C) 
- almost no dark current 

• Exceptional performance - 12-bit 
dynamic range 

• Low Noise - no frame averaging required 

• IEEE-488 interface - parallel data transfer 

• Programmable camera controller and 
frame store 

• Ideal for low-light and quantitative 
imaging applications 

See for yourself how the Series 300 
outperforms all other cameras in its 
price range. For applications assistance 
or information on this and other 
Photometries cameras, call 
16021623-6992 . 

••• • • 
Photometries 

Photometries Ltd. 
2010 North Forbes Blvd. 
Tucson, Arizona 85745 
FAX: (602)791-3987 
Telephone: (602)623-6992 
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AROUND 
THE WORLDS 

IN 4,387 
DAYS. 

On August 24, 1989, Voyager 2 will begin its flyby of 
Neptune, the final planet in our solar system. This fantastic 
12-year journey has signillcantly increased our knowledge 
of the outer planets and their moons. As well as our 
understanding of the universe. 

It began 12 years ago with a final push by General 
Dynamics' Centaur. The world's premier high-energy upper 
stage vehicle that has participated in every ELV interplanetary 
mission for the last 20 years. And continues to evolve to meet 
our cu tomers' needs. 

Today, Voyager 2 has a new mission: to study the vast 
reaches of interstellar space. Its instruments and transmission 
capabilities are still intact. Its momentum is unchecked. Its 
batteries should last until at least the year 2020. 

All of which means that Voyager 2 will be sending us worlds 
of information 
for a long time GENERAL CVNAMICS 
to come. A Strong Company For A Strong Country 

Circle Reader Action No. 305 
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A Wisconsin company has developod a laser-based system 
that defines the position, shape, and gap of a welding 
seam In three dimensions. Turn to the special section on 
WisconsIn science and technology beginning on page 59. 

DEPARTMENTS 
On The Cover: A new NASA­
funded Invention will 

• enable computer users to 
control screen Images with 
a wave of the hand. See 
page 18. (Photo courtesy 
Sensor Frame Corp.) 

Photo courtesy Sensor Frame Corp. 

New 
Literature 

New on the 

.. 89 

Market ...... 93 

Advertisers' 
Index ...... 100 
Will new Technology make 
the mouse an endangered 
species? Turn to page 18. 

For Your Convenience 
We have combined the 
SubscriptionfTechnical 
Support Package Form 
and the Reader Action 
Card into a single, easy­
to-use form (page 91). 
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• with • 
• Newport • 
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With up to 90 dB isolation, 
there's no better insurance against 

laser diode failure 
Up to 1,000,000 times the 
protection of ordinary, 30 dB 
isolators 

How important is laser diode 
isolation? If it's inadequate, you 
risk frequency instability, poor 
modulation bandwidth, even laser 
failure. 

All our isolators give you the 
highest level of protection from 
optical feedback damage, yet they're 
very easy to use. 

High performance 
For critical experiments, our 

high performance H Series isolators 
eliminate cumbersome cascaded 
setups. They consistently deliver 60 dB 
(0.0001 % retroreflection) isolation in 
a single, compact package. Beam 

polarization is preserved so you need 
no additional optics. For even more 
protection, an optional snap-in 
waveplate retarder boosts isolation 
I,OOO-fold, to an incredible 90 dB. 

Fiber 
At long last there's a 

connectorized isolator for quick, 
convenient attachment to fiber optic 
equipment. Just plug it in. FIB 
Series isolators deliver up to 40 dB 
isolation, with less than 2 dB 
insertion loss, in the convenience of 
a sealed pigtail package. 

Tuneable IR and NIR 
For multi-wavelength 

applications, ISO Series tuneable 
isolators provide safe, 35 dB isolation 
levels for the major laser diode 

wavelength ranges: 1.3-1.5 micron and 
700-950 nm. Pre-calibrated, engraved 
wavelength scales and a large aperture 
simplify alignment and tuning. 

They're everything you'd 
want in optical isolators: the most 
protection for your diode laser, 
the most convenience for you. Call 
Newport at (714) 965-5406. 

~ ~evvport 
Unshakeable Quality 

Newport Corporation 
18235 Mt. Baldy Circle 
Fountain Valley, CA 92708 
Europe: Newport GmbH 
Ph. 06151-26116 
U.K.: Newport Ltd. 
Ph. 05827 -69995 
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RGB /View™ 2000 

C 

The RGBIVlew video display controller 
integrates real-time video with computer generated 

text and graphics on high resolution displays. 

The RGBIView accepts composite video 
(NTSC or PAL) or RGB component signals 

from a camera, tape recorder or video disc. 
Full motion video is displayed as a window 

on the workstation screen. 

• Supports all high resolution 
computer ~ystems 

• Frame buffer independent 

• Output to the computer monitor 
or to a high resolution projector 

• No processing burden on the computer 

·100"10 software compatible 

• Full 24-bit color; highest quality 
video image 

• Video window control from the 
front ponel or RS-232 port 

• Text and graphics overlay on the 
video using chroma keyer 

• Made in the USA 

~~ 
C;]Glm 
~.~ 

TECHNOLOGY 
2550 Ninth Street Berkeley, CA 94710 

TEL: (415) B48-0180 FAX: (415) 848-0971 
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Locked-on 
Performance ••• 

• Meridian '5 Quickport gave us on Ado compiler in less 
than six months. Now we can concentrate on high 
performance Ado compum/ion, not on compiler demils. ' 

Charles Wetherel" 
Ardent Computer 

'Meridian's technology will allow us to grow from 
training m full scaled development into the '90s. 
Meridian designed a license for us fa train over 300 
people and will allow us to graduate info a 
developer's license. ' 

Dr. Jerry Pixton, 
Unisys Defense Systems 

'Meridian '5 flexibility in licensing allowed the university 
fa accommodate all of its Ado students, providing them 
with individual compilers for use in their dorm rooms 
and in our laboratories. ' 

Richard Paffis, 
University of Washington 

Share in 'the 
Wealth of Ada. 

You con join these satisfied Meridian users. 
Of course, there ore plenty of good suppliers. And many platforms that 

run Ada. But for the best price/performance ratio in the industry, you need 
Meridian. 

we con customize a site -license program to meet your special needs. Or you 
can become a technology licensee. We port the fastest in the industry and 

we can lead you into the Ado market in less than six months. In short, 
whatever your need, Meridian can meet it. 

After all, we were the first to bring Ado to the native IBM peM and 
Macintosh ™ environments. Then we developed support for Sun 
workstations, DECstation ™ 31 00 workstations, and almost every 
IBM clone. 

If it's training for your corporation or university you're after, 

s o F T w A R E s y s 

So call us today. And get the AdaVantage.™· 

For more informotion, contact: Meridian Software Systems, Inc. 
23141 Verdugo Dr., Suite 105, Loguno Hills, CA 92653 

(800) 221-2522 or (714) 380-9800. 

T E M s N 

AdoVonloge is 0 tlOdemOl\ of MeOOton Softwore Systems, Inc. MoOOIosh is 0 trodemorl: of Apple Computers, Inc. 

c 

IBM PC is 0 trodemorl: of IBM. DECstution is 0 trodemorl: of Digitol Erpipment. © 1989 Circle Reader Action No, 496 



If you need to measure the bumps, the shakes, the beats, the 
pressure, or the heat, TEAC makes a data recorder in the right size 
and fonnat to meet your needs. In fact, we make so many different 
kinds of data recorders you almost need a data recorder to keep 
track of them all 

We made the first, and we offer the most extensive line of VHS 
data recorders. For ease of operation, economy, and convenience of 
media, the VHS fonnat is the best. 

We make the world's smallest 9-channel portable Philips 
cassette data recorder: 

And we make a comprehensive line of reel-to-reel data recorders 
with extended recording times and up to 28 channels available. 

We offer the widest selection of cassette data recorders from 
1- to 9-channel models, from pocket-sized to sturdy laboratory and 
field systems. 

Our new portable data recorders incorporating DAT technol­
ogy are the leading edge in instrumentation recorders. 

If you can't find the data recorder in the fonnat you need from 
TEAe, then it doesn't exist. 

And if it doesn't exist it's because TEAC hasn't built it yet. 

TEAC 
Instrumentation Data Recorder Division. 

© 1989 TEAC AMERICA, I 'e.. 77J3 TELEGRAPH ROAD, MONTEBELLQ CA 90640 (213) 7l6-O303 
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T 0 5 R E LAY TECHNOLOGY 

The High Performance 
Gigahertz Relay 

• RF switching through 4 GHz 

• Magnetic latching cuts power drain 

• Convenient Centigrid package 

• Military and commercial versions 

The TO-5 family of relays 
were always good in RF switching 
applications. We didn't plan it that 
way. It just happened. Low inter­
contact capacitance. Low inser­
tion loss. Up through 500 MHz. 
No problem. 

But then you wanted to go 
even higher. You wanted gigahertz 
performance. And not just 1 GHz, 
but 3 or 4. That took some serious 
doing. But our combination of 

experience and innovation was 
equal to the task. We married our 
two decades of TO-5 technology 
with some new techniques we 
developed to enhance the RF 
characteristics. The result? We 
were able to extend the relay's 
performance from the MHz range 
to the GHz range. And handle RF 
switching functions all the way up 
to 4 GHz. With intercontact isola-

tion even higher and insertion loss 
even lower than in the MHz range. 

The high performance 
gigahertz Centigrid relay. It will 
handle your toughest RF switch­
ing assignments, especially when 
power drain is critical . Call or 
write today for complete details . 

TELEDYNE RELAYS 
Innovations In Switching Technology 

Teledyne Relays, 12525 Daphne Ave., Hawthorne, California 90250 · (213) 777-oo77/European Headquarters: W. Germany: Abraham Lincoln 

Strasse 38-42,6200 Wie baden/Belgium: 181 Chau ee de la HuJpe 1170 Brus elslU.K.: The Harlequin Centre, Southall Lane, Southall , Middlesex, 

002 5NH1 Japan: Taikoh No.3 Building, 2- 10-7 Shibuya. Shibuya-Ku , Tokyo 150lFrance: 85-87 Rue Anatole-France, 92300 Levallois-Perret. 
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New ProduCildeas 
New Product Ideas are just a 
few of the many Innovations 
described In this Issue of NASA 
Tech Briefs and having promising 
commercial applications. Each Is 
discussed further on the 
referenced page In the appro-

prlate section In this Issue. If you 
are Interested In developing a 
product from these or other NASA 
Innovations, you can receive fur­
ther technical Information by r. 
questing 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 14). NASA's patent-llcenslng 
program to encourage commer­
cial development Is described on 
page 14. 

Optical Processing 
With Photorefractive 
Semiconductors 

optical processing of information. With mOO­
ifIcations, the apparatus performs any of 
three basic image-processing functions: 
transfer to a different light beam, enhance­
ment of edges, and autocorrelation. (See 
37). 

Making MgO/SI02 Glasses 
by the Sol-Gel Process 

Silicon dioxide glasses containing as 
much as 15 mole percent magnesium ox­
ide have been prepared by a sol~1 proc­
ess. Such glasses cannot be made by con­
ventional melting because the ingredients 
are immiscible liquids. (See 50). 

All experimental phase-conjugate four· 
wave-mixing apparatus has been used to 
demonstrate the capabilities of GaAs for 

12 

RADIOGRAPHY 
Radiography is just one of the many applications possible 
with Kevex X-RAY's patented portable X-ray source, the PXS. 

The PXS can create new market opportunities for your products. The 
desig.n eliminates the bulk associated with conventional X-ray systems 
allOWing your products to be portable, lightweight and compact. 

Some new products to date include: 

• A portable real-time imaging system for detection of tampered 
products in the field 

• A radically different altimeter for the next generation of aircraft 
• An on-line thickness gauge used in 100°C environments 
• A compact X-ray fluorescence system 
• A tabletop double crystal diffractometer 
• An airborne meteorological device for measuring particle distribution 

All possible because of the self-contained compact X-ray energy source 
the PXS. ' 

Kevex ~-RAY integrated a miniature X-ray tube and a high voltage power 
supply Into one compact, 5 lb. package. Operational from a 12 volt 
DC battery, this highly regulated, highly stable source has all the high 
voltage components molded internally. As a result there are no high 
voltage cables or connectors to work around. 

Designed, manufactured, and sold only by Kevex X-RAY. Call or write 
Kevex X-RAY today for information on our complete line of portable 
sources including the 10 micron focal spot PXS. 

kevex X-IUY 
P.O. Box 66860 
Scotts Valley, CA 95066 408-438-5940 

o A VG Inlln.mentl Group eomp.ny 

Circle Reader Action No. 531 

Monolithic Microwave 
Switching Matrix 

A gallium arsenide integrated-circuit 
chip switches any of three microwave in­
put signals to any of three output ports. 
Potential applications include SWitching 
and routing vast amounts of data between 
computers at extremely high speed. (See 
22). 

Silver Ink for Jet Printing 
A metallo-organic ink containing silver is 

applied to printed-circuit boards and pyro­
lized in air to form electrically conductive 
patterns. The ink contains no particles of 
silver and can be applied to the boards by 
ink-jet printing heads. (See page 50). 

Forging Long 
Shafts on Disks 

A proposed isothermal-forging appara­
tus could produce long shafts integral with 
disks. In the proposed equipment, which is 
based on the modification of conventional 
isothermal-forging equipment, the required 
stroke could be cut by more than half. (See 
79). 

Th is symbol 
appears next 
to technical 

briefs which describe in­
ventions having poten­
tial commercial applica­
tions as new products. 
The process for devel­
oping a product from a 
NASA invention is de­
scribed at the top of 
this page. 

NASA Tech Briefs, August 1989 



THREE DIMENSIONAL 
1 Ensure dry circuit 

conditions with a 
20 mV damp. 

Keithley's new Model 580 
Micro-ohmmeter combines 
three performance features no 
other single micro-ohmmeter 
has. For example, in its Dry 
Circuit Test mode, the Model 
580 ensures that the open cir­
cuit test voltage never exceeds 
20 mY. This is important, since 
too high a test voltage can 
puncture oxides or films 
on contacts. 

2 Measure bonding resist­
ances and more with 
selectable waveforms. 

For bonding applications, the 
Model 580 has 10 micro-ohm 
sensitivity, an optional battery 
pack, and multiple test leads. 
With pulsed test current, the 580 
automatically compensates for 
thermals, and for temperature­
sensitive components, these pulses 
can be triggered individually. For 
tests on inductive components, 
DC current is available. 

3 Interface to your 
computer with 
the IEEE-488 option. 

Use the Model 580 as a stand­
alone instrument or select the 
optional analog output and IEEE-
488 bus interface and use it in a 
computer-based system. All front 
panel features are programmable. 

Like other Keithley instruments, 
it has relative zeroing, autoranging, 
and digital calibration, making 
measurements faster and more 
convenient. 

For a brochure or demonstra­
tion of the new Model 580 
Micro-ohmmeter, call your local 
Keithley representative or the 
Product Information Center at 
the address below. 

Instruments Division 
Keithley Instruments, Inc. 
28775 Aurora Road 
Cleveland, Ohio 44139 
(216) 248-0400 

Circle Reader Action No. 525 



HOW YOU CIN BENEFIT It you' re a regular reader of TECH BRIEFS, then you're already 
making use of one of the low· and nOoCost services provided by 
NASA's Technology Utilization (TU) Network. But a TECH 
BRIEFS subscription represents only a fraction of the technical 
information and appllcatlonslengineerlng services offered by 
the TU Network as a whole. In fact , when all of the components 
of NASA's Technology Utilization Network are conSidered , 
TECH BRIEFS represents the proverbial ti p of the iceberg. 

FROM NISI's 
TECHNOLOOY 
UTlUlllON 
SERIICES 

We've outlined below NASA's TU Network-named the 
partiCipants, described their services, and listed the Individuals 
you can contact for more Information relating to your specific 
needs. We encourage you to make use of the information, 
access, and applications services offered by NASA's 
Technology Utilization Network . 

How You Can Utilize NASA's Industrial Applications Centers-A nat ionwide network offering a broad range 
of technical services, including computerized access to over 100 mill ion documents worldwide. 

y ou can contact NASA's network of Industrial Applications Centers (lACs) for ass istance in solving a specif ic technical problem or meeting your 
Infonmation needs. The " user friendly" lACs are staffed by technology t ransfer experts who provide computerized Information retrieval from one of 

the world's largest banks of technical data. Nearly 500 computerized data bases, rang ing from NASA's own data base to Chemical Abstracts and INSPEC, 
are accessible through the ten lACs located throughou t the nat ion. The lACs also offer technical consu ltation services andlor linkage wi th other experts 
In the field. You can obtain more Information about these services by calling or writ ing the nearest lAC. User fees are charged for lAC Information services. 

Aero. pace Re.earch 
Appllntlons 
Center (ARACI 
Indianapolis Center for Advanced 
Research 
611 N. Capitol Avenue 
Indianapolis, IN 46204 
Dr. F. Timothy Janis, Director 
(3171262·5036 
Rural Enterprises, Inc. 
Central Indust rial Applications 
Center/NASA (CIACI 
P.O. Box 1335 
Durant, OK 74702 
Steve R. Hardy, President 
(4051924·5094 
North Carolina Science and 
Technology Research Center 
(NC/STRCI 
Post Office Box 12235 

Research Triangle Park, NC 
27709 
H. Lynn Reese, Director 
(9191549-0671 
NASA Industrial Applications 
Ctr. 823 Wil liam Pitt Un ion 
Un iversity of Pittsburgh 
Pittsburgh, PA 15260 
Dr. Paul A. McWilliams, 
Exec. Director 
(412) 648·7000 
NASA/Southern Technology 
Appllcetlons Center 
Box 24 
Progress Ctr., One Progress Blvd . 
Alachua, FL32615 
J. Ronald Thornton, Director 
(904) 462·3913 
(800) 354·4832 (FL only) 
(800) 225·0308 (toll·free US) 

NASA/UK Tech nology 
Applications Program 
University o f Kentucky 
109 Kinkead Hall 
LeXington, KY 40506-0057 
William R. Strong, Director 
(606) 257·6322 
NERAC, lnc. 
One Technology Drive 
Tolland, CT 06084 
Dr. Daniel U. Wilde, President 
(203) 872-7000 
Technology App lication Center 
(TAC) 
University of New Mexico 
Albuquerque, NM 87131 
Dr. Stanley A. Morain, Director 
(505) 277·3622 

NASA Industria l Applications 
Center (WESRAC) 
Univers ity of Southern Cali forn ia 
Research Annex 
3716 South Hope Street, Room 
200 
Los Angeles, CA 90007·4344 
Radford G. King, Exec. Director 
(213) 743·8988 
(800) 642·2872 (CA on ly) 
(800) 872-7477 (toll ·free US) 
NASA/SU Indultrlal Applications 
Center 
Southern Un iversity Department 
of Computer Science 
P.O. Box 9737 
Baton Rouge, LA 70813·9737 
Dr. John Hubbell, Director 
(504) 771 ·6272 

If you represent a public sector organization with a particular need, you can contact NASA's Application Team for technology matching and problem solving 
assistance. Staffed by professional engineers from a variety of disc iplines, the Application Team works with public sector organizations to Identify and 
solve critical problems with existing NASA technology. Technology App licat ion Team, Research Triangle Institute, P.O. Box 12194, Research Triangle 
Park, NC 27709. Doris Rouse, Di rector, (919) 541 ·6980 

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 faci litate technology transfer between NASA and the private sector. 
If you need further Information about new technologies presented in NASA Tech Briefs, request the Technical Support Package (TSP) . lf 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. 
Technology Utilization 
Officer: Laurance Mllov 
Mall Code 223·3 
Moffett Field, CA 94035 
(4151694·4044 
Patent Counsel: 
Darrell G. Brekke 
Mail Code 200·11 
Moffett Field, CA 94035 
(415) 694·5104 
Lawls Research Center 
Technology Utilization 
Officer: Harvey 
Schwartz (acting) 
Mail Stop 7·3 
21 000 Brookpark Road 
Cleveland, OH 44135 
(216) 433·5567 
Patent Counsel: 
Gene E. Shook 
Mail Code 301-6 
21000 Brookpark Road 
Cleveland, OH 44135 
(216) 433·5753 

John C. Stennis 
Space Center 
Technology Utilization 
Officer: Robert M. 
Barlow 
Code HA-OO, Bldg.1103 
Stennis Space Center, 
MS 39529 
(601) 688-1929 
John F. Kennedy 
Space Center 
Technology Utilization 
Officer: Thomas M. 
Hammond 
Mail Stop PT·PMO·A 
Kennedy Space 
Center, FL 32899 
(407) 867·3017 
Patent Counsel: 
James O. Harrell 
Mail Code PT·PAT 
Kennedy Space 
Center, FL 32899 
(407) 867·2544 

Langley Research Ctr. 
Technology Utilization 
Officer: John Samos 
Mail Stop 139A 
Hampton , VA 23665 
(804) 864·2484 
Patent Counsel: 
George F. Helfrich 
Mall Code 279 
Hampton , VA 23665 
(804) 864·3523 
Goddard Space Flight 
Center 
Technology Utilization 
Officer: Donald S. 
Friedman 
Mall Code 702.1 
Greenbelt , MD 20771 
(301) 286·6242 
Patent Counsel: 
R. Denn is Marchant 
Mall Code 204 
Greenbelt , MD 20771 
(301 ) 286·7351 

A Shortcut To Software: COSM IC®....... For software developed with 
NASA funding, contact COSMIC, NASA's Computer Software Manage· 
ment and Information Center. New and updated programs are announc· 
ed In the Computer Programs section. COSMIC publ ishes an annual 
software catalog . For more Information call or write: COSMIC,? 382 
East Broad Street, Athens, GA 30802 John A . Gibson, Dir., (404) 
542·3265 
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Jet Propulsion Lab. 
NASA Resident Off ice 
Technology Utilization 
Officer: Gordon S . 
Chapman 
Mail Stop 180·801 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354·4849 
Patent Counsel: 
Paul F. McCaul 
Mail Code 180·801 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354·2734 
Technology Utilization 
Mgr. for JPL: Dr. Nor· 
man L. Chalfin 
Mall Stop 156·211 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354·2240 

George C. Marshall 
Space Flight Center 
Technology Utilization 
Officer: Ismail Akbay 
Code AT01 
Marshall Space Flight 
Center, 
AL35812 
(205) 544·2223 
FAX (205) 544·3151 
Patent Counsel: 
Bill Sheehan 
Mall Code CC01 
Marshall Space Flight 
Center, 
AL35812 
(205) 544-0021 

Lyndon B. Johnson 
Space Center 
Technology Utilization 
Officer: Dean C. Glenn 
Mall Code IC·4 
Houston, TX 77058 
(713) 483·3809 
Patent Counsel: 
Edward K. Fein 
Mall Code AL3 
Houston, TX 77058 
(713) 483·4871 

NASA Headquarterl 
Technology UtilizatIon 
Officer: Leonard A. Ault 
Code CU 
Washington, DC 20546 
(202) 453·8377 
ASSistant General 
Counsel for Patent 
Matters: Robert F. 
Kempf, Code GP 
Washington, DC 20546 
(202) 453·2424 

If You Have a Question ... NASA Scientific & Technlcallnfor· 
matlon Facility can answer questions about NASA's Technology 
Util ization Network and Its services and documents. The STI staff sup· 
plies documents and provides referrals. Call , wri te or use the feedback 
card In th is Issue to contact : NASA Scienti f ic and Technlcallnforma· 
tlon Facili t y, Technology Utilization Off ice, P.O. Box 8757, Baltimore, 
MD 21240·0757. Walter M. Heiland, Manager, (301) 859·5300, Ext. 242, 
243 
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The Carbon Gradient 
Hollow carbon filaments catalytically produced by submicron-size iron 
particles can be the template for larger carbon fibers used in composite 
structural materials. A scientist at the General Motors Research 
Laboratories has identified how these filaments grow and why they take 
their characteristic form. 

FIGURE 1: Scanning electron micrograph of a 
cross sectiOlI of a vapor-grown carbon fiber. 

FIGURE 2: Typical carbon filament grown from 
natural gas by an iron catalyst particle. 

FIGURE 3: Schematic model showing inner and 
outer radii, the precipitation inter/ace, and the 
nested basal planes of the outer surface. 

Fig. 2 

Dr. Gary Tibbetts was measur­
ing the diffusion rate of carbon 

in iron when his carefully planned 
experiment took an unexpected tum. 
Dr. Tibbetts, a physicist at the 
General Motors Research Laborato­
ries, had been introducing carbon to 
the inside surface of a hot stainless 
steel tube while extracting carbon 
from the outer surface. 

At the end of one particular trial, 
he found the inside surface covered 
with a mass of black "whiskers." His 
initial investigations verified that the 
fibers were made of carbon and that 
they had characteristics typical of the 
crystal structure of graphite. But the 
question of how they formed was not 
so easily answered. The search for an 
answer would change the course of 
his investigation and dominate his 
research for the next ten years. 

The fibers that surprised Dr. 
Tibbetts were made up of concentric 
layers primarily composed of basal 
(0001) plane graphite, resembling in 
cross section the annular rings of a 
tree (Figure 1). Research showed 
that they were formed by vapor depo­
sition of carbon on a hollow central 
filament. The central filament itself 
was grown by catalytic action on a 
small metal particle (Figure 2). 

These long, slender, uniform fil­
aments had been widely observed 
since the availability of the electron 
microscope. Still, no valid explanation 
had been advanced to account for 
their hollow structure. Many scien­
tists thought that surface diffusion of 
carbon-containing molecules around 
the catalytic particle caused the 
hollow core. 

Instead, Gary Tibbetts pro­
posed a model in which carbon atoms 
from decomposing hydrocarbons dif­
fuse through the bulk of the catalytic 
particle and precipitate as graphite in 
the growing filament. The diffusion 
process is driven by the carbon 
gradient-the difference between car­
bon concentrations at the adsorbing 
surface of the particle and at its 
opposite, precipitating surface 
(Figure 3). 

The exterior surfaces of these 
carbon cylinders expose the basal 
plane of graphite because the (0001) 
plane has a surface free energy at 
970°C of about 77 erg cm-2, while a 
typical surface perpendicular to the 
basal plane has a surface energy in 
excess of 4000 erg cm-2• The free 
energy required for filament growth, 



therefore, will be a minimum when 
the exterior surface is made up of 
basal planes- as observed in these 
filaments. 

The entire filament, then, should 
consist of nested, rolled-up basal 
planes of graphite. Bending these 
planes into cylinders, however, 
requires that extra elastic energy be 
provided during the precipitation pro­
cess. The core is left hollow because 
too much energy would be required 
to bend the planes near the axis into 
very small diameter tubes. 

I n describing the total energy nec­
essary for filament formation, Dr. 

Tibbett's model takes into account 
the chemical potential change 
(~J.lo)when a carbon atom precipi­
tates from the dissolved phase, as 
well as the energy required to form 
the surface, plus the energy needed 
to bend the basal planes into nested 
cylinders. 

The change in chemical potential 
(~J.l) driving the precipitation can be 
expressed as follows: 

a - a 2(1n Ea2 n In( I) fL - fLo - r _ r, - 12(r2 _ r~) ro rj 
o I 0 I 

where a is the energy required to 
form a unit area of (0001) graphite; n 
is the volume of a carbon atom in 
graphite; ro and rj are the outside and 
inside radii of the fliament, respec­
tively; E is the filament modulus; and 
a is the interplanar spacing. 

A filament catalyzed by a particle 
of radius ro will adjust its r j to give the 
largest ~J.l-in fact, r j may be directly 

calculated by maximizing ~J.l. Doing 
so yields results that compare nicely 
with experimental values. 

Understanding the growth of the 
hollow core of the fliaments was one 
key to producing them in abundance. 

"From there," says Gary Tibbetts, "it 
is a simple step to thicken the fila­
ment into a macroscopic fiber by 
vapor deposition of carbon on the 
exterior surface. The deposited car­
bon has a high degree of orientation 
parallel to the tube axis, giving the 
fiber exceptional stiffness. 

"Fibers of this type should be 
excellent for making chopped-fiber 
composites using plastic, ceramic, 
metal, or cement matrices. GM's 
Delco Products Division is already 
building a pilot plant to develop a low­
cost production process that would 
permit the use of vapor-grown fibers 
in high-volume applications." 

General Motors 

MARK OF EXCELLENCE 

THE 
MAN 
BEHIND 
THE 
WORK 
Dr. Gary G. Tibbetts is a Senior Staff 
Research Scientist in the Physics 
Department of the General Motors 
Research Laboratories. 

Gary received his undergradu­
ate degree in physics from the Cali­
fornia Institute of Technology. He 
holds both an M. S. and a Ph. D. in the 
same discipline from the University 
of Illinois. 

Dr. Tibbetts joined General 
Motors after two years of postdoc­
toral work as Guest Scientist at the 
Technical University of Munich. 
Since coming to the Labs in 1969, 
Gary has pursued interests ranging 
from carbon filaments, to surface 
physics, to chemical vapor deposi­
tion. He has published almost forty 
papers on the results of his research. 

Gary is a member of the Ameri­
can Physical Society, the American 
Carbon Society, and the Materials 
Research Society. In 1988, he was a 
GM Campbell Award Winner. Gary 
lives in Birmingham, Michigan, with 
his wife and their three daughters. 



A new computer Interface uses optical sensors - each consisting of a rec­
tangular Image sensor chip mounted behind a lens assembly - to track finger 
movements In real time. 

T here's a fast and efficient new 
way to communicate with your 
computer: Just set aside the 

keyboard and let your fingers do the 
talking. 

An emerging technology called the 
Sensor Frame enables the use of 
hand gestures, such as waving and 
pointing, to control on-screen action. 
Users can reach into the screen and 
directly manipulate graphic images 
as if they were real objects. 

" It's a more natural , intuitive way 
to interact with computers," said 
Paul McAvinney, the Sensor Frame's 
inventor. " If you let people handle 
spatial things, you 're taking advan­
tage of something they knew long 
before they heard the word com-
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puter." 
McAvinney's patented device looks 

like a deep picture frame mounted 
over the front of a video monitor. Op­
tical sensors embedded in the cor­
ners of the frame detect hand move­
ments and reproduce them on the 
screen. Fingers placed in the frame 
block a continuous infrared light 
source and cast shadows onto the 
sensor array. An onboard 68000-
based controller then triangulates 
the positions and sizes of the fingers 
based on the sensor data. 

The device can concurrently track 
the independent movements of the 
fingers in real time, which permits, 
for example, the simultaneous trans­
lation, rotation, and scaling of an ob-

omputers 
ject with a single ges\ure. The ability 
to combine these actions into one 
fluid motion distinguishes the Sen­
sor Frame from touch screens, mice, 
and other input methods that are 
lim ited to pointing, McAvinney said. 

The Carnegie-Mellon University 
researcher was inspired to build a 
computer system that would respond 
to hand signals because he " always 
wanted to conduct an orchestra." He 
devised a scheme to connect mul­
tiple. synthesizers to a computer, but 
needed a way to control the various 
pieces. " I figured I could project an 
orchestra layout onto the computer 
screen," he recalled, " and then just 
wave at a section to tell it to play 
faster or louder. That required my 
developing a multiple-finger gesture 
sensor." 

McAvinney began experimenting 
with various image sensors in the 
early 1980s and eventually developed 
an optical gesture-sensing system 
that could be applied to control many 
different computer tasks. The tech­
nology interested NASA scientists, 
who saw its potential for spacecraft 
operation and robot manipulation. In 
1986, the Space Agency provided par­
tial funding for McAvinney's work on 
an optical device capable of tracking 
up to three fingers of one hand in a 
plane. This version of the Sensor 
Frame treats each finger movement 
as a separate gesture, limiting recog­
nition to simple gestures such as tog­
gling two switches simultaneously. 

Last spring, NASA awarded 
McAvinney's Sensor Frame Corpora­
tion $500,000 to build an advanced 
system that will track fingertips in 
three dimensions and enable such 
complex gestures as grasping and ro­
tating a knob. The 3D Sensor Frame 
may be used as an interface for soft 
or virtual control panels on board 
Space Station Freedom, according to 
Linda Orr, Manager of the Graphics 
Analysis Facility at NASA's Johnson 
Space Center. "An astronaut could 
control a number of onboard systems 
from a single display terminal," Orr 
said . " He'd just call up the appro­
priate screen and manipulate a virtual 
dial to make adjustments." One Sen­
sor Frame could replace numerous 
instrumentation panels, saving pre­
cious space on the orbiting facility. 
Training Comes First 

McAvinney currently has Sensor 
Frame test units at the Software 
Engineering Institute and Carnegie 
Mellon University'S Computer Music 
Laboratory, both in Pittsburgh. A pro­
duction version of the two-dimen­
sional tracking system should be 
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W-th A Wave Of The Hand 
ready by early 1990, with the 3D 
model to follow about a year later. 
The first model will cost about $8000. 

Software exists for interfacing to 
various versions of the UNIX oper­
ating system; OS/2 and MS-DOS in­
terfaces may be available in a few 
years. "We' re going after the high­
end workstation market first ," said 
Eric Colburn, Engineering Manager 
for Sensor Frame Corp. 

Sensor Frame' s main competition 
will come from the DataGlove devel­
oped by VPL Research of Redwood 
City, CA. The sensor-lined glove 
translates hand and finger move­
ments into electrical signals that are 
carried by thin cables to a computer. 
An image of the glove follows the 
hand 's movement on the screen, al­
lowing the glove wearer to virtually 
touch and hold graphic objects. 

While the Sensor Frame restricts 
hand movements to the small area 
surrounding the screen, the Data­
Glove wearer is free to move about 
the room. Sensor Frame is more pre­
cise in its measurements, however, 

Inventor Psul McAvlnney plsys his 
VldeoHsrp, s computerized muslcslln­
strument thst dupllcstes the sounds of 
sn entire orchestrs. 

and eliminates the constraints in­
volved with wearing a glove. " If you 
want to use a keyboard, you can just 
take your hand away from the screen 
and type," explained Ms. Orr. " You 
don 't have to keep donning and doff­
ing a glove." 

Early applications of the Sensor 
Frame are likely to be in the area of 
training and simulation. Due to the 
high cost and risk of training per­
sonnel on real equipment, many 
groups (especially the military) are 
turning to computer-based systems 
that simulate equipment with soft­
ware and display images of controls 
and instruments on banks of video 
monitors. One major drawback is that 
existing input devices do not let 
trainees use the virtual system in the 
same way they would the real McCoy. 
" It 's just not very realistic, " com­
mented Colburn , " and that hampers 
the training effectiveness." On a con­
ventional system equipped with a 
touch screen, the trainee can only 
point at the displays with one finger. 
" He can 't turn a knob or grab a lever," 
said the engineer. " But with a Sensor 
Frame, he can sit in a virtual cockpit , 
for example, and operate the controls 
essentially the same way he would 
during an actual flight. " 

ci New CAD Tool 
8 When coupled with CAD software, 
Q) 
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the Sensor Frame will enable design 
engineers to "sculpt" new parts right 
on the screen - stretching, twisting, 
and squeezing graphic objects into 
an endless variety of shapes. " You 
could reach into the screen and grab 
a virtual tool , perhaps a drill or a 
wrench, and instantly modify a part's 
design," McAvinney said . Add on a 
voice recognition system and " you 
could just say the name of the tool 
you want and it would instantly ap­
pear on the screen." 

The inventor hopes to one day 
combine the 3D tracking device with 
a stereolithography machine -
which employs a laser to extrude 
parts from liquid plastiC - to create 
a new type of CAD workstation he 
calls an " interactive fabricator." It 
would enable rapid production of pro­
totypes. The designer would specify 
or modify an object's shape using 
spatial gestures and virtual tools. A 
host computer would then send in­
structions to the stereolithography 
device to fabricate a prototype, which 
may take only a few minutes, 
McAvinney said. 

" If we can significantly shorten 
design time," he predicted, "designer 
productivity will increase and cus­
tomization will be easier. Learning 

time for the designer will also be 
shorter if he can see immediate feed­
back on his ideas." 

Interactive fabricators might come 
in handy on future space missions, 
he said. " If you had a fabricator 
aboard the spacecraft, you wouldn 't 
need to lug as many spare parts into 
orbit. On a large space station or 
planetary outpost you could have 
bins of various raw materials to 
create replacement parts from. And 
if in the course of your research you 
found you needed a totally new type 
of tool or instrument, you could use 
the fabricator to design and extrude 
it right there in space. It wouldn 't 
hold up your work." 
A One-Man Orchestra 

This year, Sensor Frame technol­
ogy came full circle when McAvinney 
introduced a prototype musical in­
strument that emulates the sounds 
of an entire orchestra. Dubbed the 
VideoHarp, it is based on gesture­
sensing techn iques used in the Sen­
sor Frame. The instrument has clear 
plastic sides and is rimmed with 
neon tubing. An optical sensor inside 
the harp measures the positions and 
sizes of the user's fingers as they 
slide across the glowing surface. The 
information is fed to a synthesizer, 
wh ich produces music correspond­
ing to the hand signals. Waving your 
hand in one direction will evoke viol in 
strains, for instance, while point ing 
to another area will bring a horn sec­
tion to life. 

Though he has fulfilled his 
dream of conducting an orchestra, 
McAvinney is not satisfied . He next 
wants to build a VideoHarp the size 
of a concert stage. Dancers would 
move across the massive instrument, 
creating their own musical accom­
paniment, while melding man and 
machine in a way the Sensor Frame 
only hints at. 0 

Sensor Frame's main competition: VPL's 
DstsGlove, shown here In use with 
NASA's Vlrtusl Workststlon. 
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Reflection Oscillators Containing Series-Resonant Crystals 
~J Transistors operate beyond their normal rated frequencies. solution of the first equation is 

co2 = 1IL(C3+C/4) 

Goddard Space Flight Center, Greenbelt, Maryland 
This is useful in determining the approx­

imate frequency of oscillation and the ma­
jor elements that determine that frequen­
cy. 

A crystal-controlled transistor reflection 
oscillator is easily tunable and stable, con· 
sumes little power, and costs less than do 
other types of oscillators that operate at 
the same frequencies. This unusual com­
bination of features is made JXlssible by a 
design concept that includes operation of 
the transistor well beyond the 3-dB fre­
quency of its current-versus-frequency 
curve. The concept takes advantage of 
newly available crystals that resonate at 
frequencies up to about 1 GHz. 

The top of the figure shows a biJXllar­
transistor version of the oscillator. The 
emitter of transistor Q is connected with 
variable (tuning) capacitor C1 and series­
resonant crystal X. The emitter is also con­
nected to ground through bias resistor R1. 

The base is connected to the parallel com­
bination of inductor L and capacitor C3 
through dc-blocking capacitor C4 and is 
forward-biased with respect to the emitter 
by resistors R3 and R4. Impedance Z could 
be the 22().Q resistor shown or any small 
impedance that enables the extraction of 
the output signal through coupling capaci­
tor C2" If Z is a tuned circuit, it is tuned to the 
frequency of the crystal. 

The circuit shown at the bottom of the 
figure is approximately equivalent, at the 
frequencies of interest, to the circuit shown 
above and can be used to determine the 
conditions for oscillation. The analysis of 
this circuit shows that the input admittance 
at the base includes a negative conduct­
ance and a parallel capacitive suscept­
ance reflected from C1 and X on the emit­
ter side. The conditions for oscillation (zero 
net conductance and zero net suscept­
ance) are approximated by 

~ +icoC3+icoC1(1 +corRxC1) ~ = 0 
I~ ~ 

from which 

and 'tL -co'2C1/co t = 0 
where co = the angular frequency of oscil­
lation; COt = 2Ttf~ Rx = the series resist­
ance of the crystal at resonance; and 'tL = 
20 

the admittance related to the total losses in 
the base circuit, including both the losses 
in inductor L and the losses in resistors R3 

and R4. 

The second equation shows that the 
parallel combination of R3 and R4 must be 
selected to provide an amount of JXlsitive 
conductance that balances part of the neg­
ative conductance reflected from the emit­
ter side at the frequency of oscillation. Al­
ternatively, one can consider the oscillation 
to take place at the frequency for which 
this condition is satisfied. An approximate 

L 
(1#AH) 

C3 
(20 pF) 

R3 
(39 kQ) 

R4 
(39 kQ) 

This work was done by Leonard E. 
Kleinberg of Goddard Space Right Cen· 
ter. For further information, Orcle 123 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, Goddard Space Flight Center 
[see page 14]. Refer to GSC-13173 

V(+10V) 

z 
(220 Q) 

R1 
(4.3 kQ) 

C1 I ~to 15pF) 

o (25 MHz, 
Third Overtone) 

OSCILLATOR 

EQUIVALENT CIRCUIT 

The Crystal-Controlled Reflection Oscillator (above) operates at a frequency far beyond the 
usual 3-dB rolloff frequency of the transistor. The components shown here are only repre­
sentative. The equivalent circuit (below) is used to analyze the conditions of oscillation. 
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Multiplying Video Mixer 
~J Transparent or opaque overlays can be put on background images. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A video mixing circuit places a trans· 
parent overlay image on all or a portion of 
the normal image (denoted here as the 
"background" image) on a television 
screen. The overlay might be computer­
generated graphics, text, or another im­
age. If additional circuitry is included, the 
overlay can also be made opaque. 

The circuit is a multiplying mixer. In a full­
color television system, one such mixer 
would be needed for each of the three pri­
mary colors, and the multiplicity of mixers 
would provide great flexibility in the choice 
of contrasts, components of the overlay in 
different colors, intensities, and degrees of 
transparency or opacity. 

The background video brightness signal 
is fed into one input terminal of the circuit, 
while the overlay brightness signal is fed 
into the other input terminal (see figure). 
The amplitude of the background bright­
ness signal is thus modulated by the over­
lay brightness signal, resulting in a video 
image in which the background image ap­
pears as though viewed through the over­
lay. 

The additional circuitry (not shown in 
detail) would provide a choice of trans­
parent or opaque overlays. In the transpar­
ent mode, the mixer would function as de­
scribed above. In the opaque mode, the 
additional circuitry would replace the back­
ground-image brightness signal with an 
auxiliary full-brightness signal in the over­
lay region. Thus, the overlay image would 
be a full-brightness image modulated by 
the overlay video signal and would contain 
no background image at all; that is, the 
overlay would appear opaque. 

This work was done by Neil W Heckt of 
Boeing Aerospace Co. for NASA's Jet 
Propulsion Laboratory. For further infor­
mation, Circle 129 on the TSP Request 
Card. 
NPO-17332 

Multiplying 
Video Mixer 

Overlay 
Video o-------------~ 

Signal 

Output 
)----~ Video 

Signal 

Background 
Video 0----+-------, 

Signal Transparent 

100%­ Opaque 

Brightness 0-----1---------1 
Video 

Signal 

____ Additional 
Circuitry 

"Transparent" 
or "Opaque" 01-------------1 

Command 
BASIC CONCEPT OF CIRCUIT 

8 4 
52Q 4 

Positive-Graphical Video: 5 

Zero Current = White; 
10 mA Peak to Peak = 
Black 

22Q 6 MC1445/1545 

3 

2 
52 Q 

Positive Background Video; _______ +-1\ ~ __ ........ 
0.7 V Peak to Peak 

10 mF, 10 V 
3.6kQ 

MULTIPLYING VIDEO MIXER 

- Video, 0.7 V 
Peak to Peak, 
75 Q 

7 

+ Video, 0.7 V 
Peak to Peak, 
75Q 

The Multiplying Video Mixer, combined with the additional circuitry, would place transparent 
or opaque overlay images on normal (background) video Images. 

Monolithic Microwave Switching Matrix 
~~ A packaged circuit chip switches with little crosstalk and can be stacked with others . 

Lewis Research Center, Cleveland, Ohio 
A gallium arsenide integrated-circuit 

chip switches any of three microwave in­
put signals to any of three output ports. 
Measuring 4.9 mm on a side, the chip con­
tains nine field-effect transistor (FET) 
crosspoint switches. It is housed in a 
custom-designed package (see figure) with 

22 

standard connectors for easy integration 
into a system. 

Potential applications include SWitching 
and routing vast amounts of data between 
computers at extremely high speed. On a 
communication satellite, the chip could 
switch microwave signals to and from 

Earth stations and other satellites. 
The FET's on the chip are operated as 

passive switches and consume no static 
power and inSignificant amounts of switch­
ing power. The chip and package provide 
about 60 dB of isolation between channels 
over the range of a signal frequencies from 
3.5 to 6 GHz. Fixed-gain buffer amplifiers 
may be incorporated around the periphery 
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of the chip to ensure an insertion loss of 0 
dB in all switching states. 

The chip module can be cascaded with 
similar modules into large arrays that can 
handle as many as 100 inputs and 100 out­
puts. Such an array would consume only 
10 W, occupy only 500 in. 3(8,200 cm~, and 
weigh only 30 Ib (14 kg). AA equivalent 
100-by-100 cross-point switch in hybrid 
technology would consume 1,000 W, have 
a volume of 12,000 in.3 (almost 200,000 
cm~, and weigh more than 500 Ib (230 kg). 
Moreover, the hybrid switch would cost 
about 30 times as much as the modular in­
tegrated switch does. 

Books and Reports 
These reports, studies, handbooks are 
available from NASA as Technical 
Support Packages (TSP's) when a Re­
quest Card number is cited; otherwise 
they are available from the National 
Technical Information Service. 

Prediction of Critical Crack 
Sizes In Solar Cells 

Cracks on edges are more 
critical than are those 
on the broad surfaces. 

A report presents a theoretical analysis 
of cracking In Si and GaAs solar photovol­
taic cells subjected to bending or twisting. 
This is an important topic because cells 
can fracture from the extension of pre­
existing flaws during the stress of testing or 
use. The approach and results of this study 
may be useful in the development of guide­
lines for the acceptance or rejection of 
slightly flawed cells during manufacture. 

The propagation of cracks from flaws 
initially on the edge or on one of the broad 
surfaces of a circular wafer is analyzed 
from a fracture-mechanics point of view. 
Fracture mechanics defines a critical 
crack size for a given level of operating 
stress as the size below which an initial 
crack can withstand the first application of 
stress but beyond which the crack propa­
gates rapidly to fracture. Repeated loading 
or time under load may cause a subcriticaJ 
crack to grow to the critical size, where­
upon the part suddenly fails. 

The basic equations of fracture me­
chanics are used to derive an equation 
for the critical crack size in the opening­
mode propagation of an edge or broad-sur­
face crack in a wafer subjected to bending. 
(This is the predominant mode of failure 0b­
served in the field.) Similarly, an equation is 
derived for the critical size of an edge 
crack in the tearing-mode propagation of a 
wafer subjected to twisting. These critical 
sizes depend in part on the Young's moduli 
and critical-stress-intensity factors of the 
material (which are different in different 

24 

This work was done by Gene Fujikawa 
of lewis Research Center and Daniel R. 
Ch 'en and Wendell C. Petersen of Micro­
wave Monolithics, Inc. For further informa­
tion, Orcle 56 on the TSP Request Card. 
LEW-14813 

The Packaged Monolithic Crossbar Switch 
can route any of the three Inputs on the left 
to any of the three outputs on the bottom 
(one of which Is obscured by a ribbon cable 
from the controlling computer). The con­
nectors at the top and right of the package 
can link the switch to other switching 
modules like this one. 

crystalline orientations with respect to the 
cracks and stresses) and on the Poisson's 
ratio of the material. 

Using the known properties of Si and 
GaAs, the equations were used to obtain 
plots of crack sizes in solar cells made of 
these materials as functions of the bend or 
twist radii, with the thicknesses of the cells 
as a parameter. The analysiS was also ex­
tended to predict critical sizes for cracks in 
a Ge substrate coated with a thin film of 
GaAs. 

The analysis leads to the following gen­
eral conclusions: 
• The cracks in a silicon wafer subjected to 

bending are more critical than in one sub­
jected to twisting. 

• AA edge crack is more critical than is a 
surface crack. Thus, an edge can be 
finished to increase the strength of a 
wafer. 

• For a given bending or twisting load, the 
allowable critical crack slze in a thinner 
wafer is greater than that in a thicker 
wafer. 

• The calculated allowable critical crack 
sizes of Si and Ge are nearly equal. The 
critical crack size in a GaAs wafer is ap­
proximately 3.5 times as small as that in an 
Si wafer under the same load. This sug­
gests that GaAs wafers cannot be handled 
in the same manner as that of Si or Ge 
wafers. 

This work was done by Chern P. Chen of 
Caltech for NASA's Jet Propulsion lab0-
ratory. To obtain a copy of the report, "An­
aJyticaJ DeterminatiOn of Critical Crack Size 
in Solar Cells," Orcle 00 on the TSP Re­
quest Card. 
NPO-17637 

Encapsulants and 
Corrosion in 
Photovoltaic Modules 

Experiments and computer 
simulations give insights and 
pOint the way to further study. 

A paper reports studies of the effects of 
moisture on photovoltaic modules, pre-

senting data that may be useful in further 
quantitative studies of such phenomena. It 
gives measurements of sorption, Arrheni­
us activation-energy constants for bulk 
conduction, and bulk and surface conduc­
tivities of the encapsulants ethylene vinyl 
acetate ('EVA) and polyvinyl butyral (PVB). It 
also gives surface conductivities of a boro­
silicate and a soda-lime glass and interface 
conductivities of the encapsulant/glass 
composites. The measured data were used 
in a computer simulation of two-dimension­
al conduction to analyze the ionic-conduc­
tion characteristics of PVB- and 'EVA-€n­
capsulated modules. 

The paper notes that the encapsulant 
plays an important role in electrochemical 
processes in a photovoltaic module. The 
selection of an encapsulant affords the 
major opportunity for controlling the rates 
of transfer of ionic charge in a module. The 
encapsulant serves as a solid-state elec­
trolyte in interactions that involve the elec­
trodes and is the medium through which 
metal ions dissolved from the conductors 
are transported. The encapsulant is impor­
tant in electrochemical corrosion, in which 
a difference in voltage between two electri­
fied cells in a module or between an electri­
fied cell and a grounded frame drives 
chemical reactions at the ceil/encapsu­
lant and frame/encapsulant interfaces and 
gives rise to leakage currents between 
these electrified parts. 

The paper indicates how variations in 
the design parameters affect the levels of 
leakage currents in the modules. It points 
out likely leakage-current paths in modules 
at various temperatures and humidities. 
It compares the results of field and labo­
ratory tests of the same specimens and 
notes the greater severity of the outdoor 
environment. 

This work was done by Gordon R. Mon, 
Uang-Chi Wen, and Ronald G. Ross, Jr., of 
Caltech for NASA's Jet Propulsion lab­
oratory. To obtain a copy of the report, 
"Encapsulant Free-Surfaces and Inter­
faces: Critical Parameters in Controlling 
Cell Corrosion," Orcle 132 on the TSP Re­
quest card. 
NPO-17352 
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Relationship Between 
Latchup and Transistor 
Current Gain 

A commonly stated condition 
on the sum of as is 
found to be erroneous. 

A theoretical study takes a new look at 
the current-vs.-voltage behavior of silicon 
controlled rectifiers (SCR's), four-layer 
complementary metal oxlde/semiconduc­
tor (CMOS) deviCes, and similar devices 
susceptible to latchup. For the purposes of 
this analysis, "Iatchup" denotes the transi­
tion of such a device from a looer-current­
conducting steady state to a distinct high­
er-current-conducting steady state. The 
study focuses upon the conventional two­
coupled-transistor model of a one<1imen­
sional SCR. ,AJthough this model gives an 
oversimplified view of latchup in CMOS cir­
cuits, it is useful for qualitative predictions 
of electrical characteristics. 

The currents in and voltages across the 
transistors in the model are assumed to be­
have according to the Ebers-Moll equa­
tions. The npn and pnp transistors are 
characterized by normal-mode, short-cir­
cuit, common-base current gains c:r 1 and 
0'2' respectively; by the open-emitter col­
lector saturation currents I COl and I C02! re­
spectively; and by the thermal voltage Vr. 

The Ebers-Moll equations are solved to 0b­
tain an exact equation for the current I 
flowing through the device as a function of 
the collector-junction voltage Vc 
I = [(ICOl + 'C02)/ 

(1- c:r l - 0'2)][1 - exp(VdVr)] 
If, as is physically reasonable for at least 
some devices, it is assumed that the as for 
the inverted mode are negligible and that 
the emitter junctions are sufficiently 
forward-biased so that the exponential of 
the bias voltage over the thermal voltage is 
much greater than 1, then the current can 
be expressed approximately as a function 
of the terminal voltage, V. by 

['Eol'EO/(/eol + le02) 2] exp(VlVr) = 
(/')21[1 - (1 - 0'1 - 0'2)11 

where I EOl and I EQ2 are the open-collec­
tor emitter saturation currents and I' = 
1/(lCOl +1002), 

Whether or not the c:rS depend on the 
current, the first equation predicts that the 
condition c:r 1 + 0'2 = 1 will result in a high 
current. Consequently, this condition has 
been quoted frequently in literature as the 
condition for latch up. Hooever, the study 
examines the current-versus-voltage be­
havior predicted by these equations and 
shOYJs that reliance on this condition can 
lead to contradictions and physically un­
realistic conclusions. In particular, the 
study reaches the follooing conclusions: 
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• The condition c:r 1 + c:r 2 = 1 is neither nec­
essary nor sufficient for latchup, and in­
deed it has no special significance at all. 

• If small signal alphas are defined in terms 
of large signal alphas in the usual way. 
then the condition that the small-signal-al­
pha sum is unity is not a general criterion 
for locating switching and holding points. 

• Although the condition c:r 1 + c:r 2 = 1 has 
nothing to do with whether or not a device 
will latch up, it is relevant to the destruc­
tiveness of a latchup in the event that it 
occurs. For example. if 0'1 + 0'2 < 0.9 
under all conceivable operating condi­
tions, then there Is sufficient margin to 
prevent destructively high current in the 
event of a latchup, regardless of external 
circuitry. 

• The way to predict the holding and 
switching voltages and currents of a two­
terminal device is to plot its current­
versus-voltage curve from equations that 
represent the device correctly under all 
bias conditions, rather than to make a 
"shortcut" search for the conditions un­
derwhich c:rl +0'2 = 1. 

This 'NOr!< was done by Larry D. Edmonds 
of Caltech for NASA's Jet Propulsion 
Laboratory. To obtain a copy of the report. 
"Latehup Related Implications of the Con­
dition that the Sum of the Transistor Alphas 
Is Unity, " Circle 18 on the TSP Request 
Card. NPO-17561 
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Hybrid Analog/Digital Receiver 
Intermediate-frequency signals are processed directly by digital means. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
An advanced hybrid analog/digital re­

ceiver processes intermediate-frequency 
(IF) signals that carry digital data in the 
form of phase modulation. The receiver is 
intended for use in the Deep Space Net­
work, but presumably the basic design 
could be modified for such terrestrial uses 
as communications or laboratory instru­
mentation where signals are weak and/or 
noise is strong. 

The receiver uses IF sampling and digi­
tal phase-locked loops to track the carrier 
and subcarrier signals and to synchronize 
the data symbols. The digital processing 
scheme avoids such inherent deficiencies 
of analog systems as de offsets in mixers 
and amplifiers and the need for precise 
radio-frequency (RF) calibration and ad­
justment. In addition, the digital scheme 
provides more flexibility and reliability while 
reducing the size and cost of the receiver. 

The receiver (see figure) consists of 
three modules: an IF assembly, a signal­
processing assembly, and a test-Signal as-

sembly. The IF assembly performs the IF 
sampling and serves as the point of closure 
for the carrier and symbol feedback loops. 
The signal-processing assembly contains 
all of the digital signal-processing hard­
ware and software necessary to operate 
the feedback loops. The test-signal assem­
bly provides modulated IF signals to test 
the other two assemblies. 

In the IF assembly, the carrier is not 
demodulated to analog baseband for the 
detection of phase but instead is locked in 
phase to one-quarter of the sampling 
clock, or roughly 5 MHz. This signal is then 
digitized and passed to the signal-proc­
essing assembly for demodulation and 
phase detection. This technique removes 
the effect of any bias in the analog-to-digi­
tal converter because the dc component is 
out of band when the Signal is digitally 
mixed to baseband. Locking to a submulti­
ple of the sample rate also eases the imple­
mentation of the carrier-demodulation 
function. 

The signal-processing assembly per­
forms the digital operations that implement 
the phase detectors and loop filters for the 
carrier, subcarrier, and symbol loops. It 
also contains hardware and software for 
fast acquisition and estimation of the pa­
rameters of Signals. 

In the test-signal assembly, the refer­
ence frequencies can be generated by 
internal oscillators that supply fixed fre­
quencies or by external synthesizers. An 
internal noise generator injects noise into 
the signal. Signal-to-noise ratios and modu­
lation indices are controlled by attenua­
tors. 

This work was done by D. H. Brown and 
W J. Hurd of Ca/tech for NASA's Jet Pro­
pulsion Laboratory. For further informa­
tion, Circ/e 47 on the TSP Request Card. 

Inquiries concerning rights for the com­
mercia/ use of this invention should be ad­
dressed to the Patent Counsel, NASA Resi­
dent Office-JPL [see page 14]. Refer to 
NPO-17262. 
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The Hybrid Receiver incorporates advanced signal-processing technology for reliability, flexibility, and compactness. The functions of the in­
termediate·frequency and signal·processing assemblies are implemented digitally by a combination of high-speed computer equipment and 
computer programs. 
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Reduction of Stresses in Growing Silicon Webs 
The cooling pattern is enhanced by a simple modif ication of the susceptor lid. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
Cutting a trench in a susceptor lid (see 

figure) allO'NS the edges of a growing rib­
bon of silicon to cool more rapidly. The 
edges thus cool and solidify at more nearly 
the same rate as does the center of the rib­
bon, and thermal stress in the ribbon is re­
duced. Because of the more-effective 
edge cooling, a wider ribbon can be grown, 
and it can be withdrawn at a faster rate. 
The productivity of a dendritic-web growth 
furnace is thereby increased. 

In the previous version, the susceptor lid 
intercepted a greater portion of the heat ra­
diation from the solidifying melt at the 
edges of the ribbon than that from the mid­
dle of the ribbon. The edges of the ribbon 
therefore could not lose heat as quickly as 
the middle could, and the resulting con-

SECTION A·A 
MAGNIFIED 

Pull 

t 

cave upward isotherm in the ribbon gave 
rise to undesirable thermal stresses. Such 
stresses can cause the ribbon to buckle 
and break, thus interrupting growth and re­
quiring a new startup. Even if the ribbon 
does not break, the stresses can be incor­
porated in the ribbon. 

With the trenched lid, the radiation from 
the melt is still intercepted, as it should be. 
However, less radiation from the ribbon 
edges is intercerted. As a result, the heat 
loss across the ribbon is more nearly uni­
form, and, consequently, thermal stresses 
are reduced. 

An experimental furnace with the new 
lid produced about 80 percent more ma­
terial per unit time than the old one did. The 
trenched lid enabled the growth of a ribbon 

A 

L-o 
Ribbon 
in Slot 

4.2 cm wide, whereas ribbons grown with 
the untrenched lid had deformed at that 
width. In addition, the ribbon grown with 
the new lid is thinner and can therefore be 
used more efficiently in semiconductor de­
vices. A trenched lid with a slot to accom­
modate a 5.2·cm-wide ribbon is under con­
struction. Eventually, ribbons 6 to 7 cm 
wide are likely to be grown in trenched 
slots. 

This work was done by C. S. Duncan, E. 
L. Kochka, Paul A. Pitrowski and Ray G. 
Seidensticker of Westinghouse Electric 
Corp. for NASA's Jet Propulsion Labora· 
tory. For further information, Circle 40 on 
the TSP Request Card. 
NPO-17137 

TOP VIEW 

Old Lid It. 

~j 

Trenched Lid It. 

J 
Trenches 

The New Trenched Lid intercepts less of the radiation from the edges of the growing silicon ribbon, giving rise to faster growth and a tempera­
ture distribution that results in lower residual stress. 

ForcelTorque Display for Telerobotic Systems 
~~ A CRT depicts forces and torques on an object held by a robotic arm. 

Langley Research Center, Hampton, Virginia 
A pictorial cathode-ray·tube (CRT) dis­

play of force and/or torque (FIT) data for 
telerobotic systems can be used as an out­
put monitor from a multiaxis sensor or as a 
command display. In its elementary form, 
the display consists of two initially concen-
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tric, easily readable circles poSitioned over 
a crosshair reticle. The relative positions of 
the two circles with respect to the reticle 
and to each other are programmed to rep­
resent forces and torques acting along or­
thogonal x and y axes, derived from signals 

from an FIT sensor. 
The interpretation of the CRT display is 

simple if the two circles are considered as 
opposing ends of a cylindrical or conical 
object, such as a steel peg of the type com­
monly used in very basic telerobotic task-
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board experiments. The display is pro­
grammed to depict the relative positions 
and shapes of the circular ends of the peg 
as they would be acted upon by the forces 
and torques. 

A force acting at the longitudinal center 
and orthogonal to the axis of the peg would 
cause a pure translation and is pro­
grammed to appear on the display as coin­
cidental movement of the centers of the 
two circles with respect to the reticle. 
Forces acting on the peg may produce 
torques tending to cause the peg to rotate 
and are programmed to appear as dif­
ferential movements of the two circles, as 
shown in the figure. A z-axis force that 
tends to compress or elongate the peg 
may be displayed as changes in the diame­
ters of the circles, and torsion (torque 
about the longitudinal axis) may be repre­
sented as the rotation of an index mark on 
a circle. 

This concept has already been imple­
mented at NASA Langley Research Cen­
ter. The graphical presentation has been 
generated on two different graphics sys­
tems, one in color and one in black and 
white. High-level programming facilitates 
the use of additional convenient features in 
the software that extend the usefulness of 
the sensor data and display. For example, 
the bias values of a sensor may be sub­
tracted to correct for drift or offset of the 
sensor. Also, predetermined values of 
force and torque may be subtracted from 
those displayed to create a highly accurate 
reference for any combination of forces 
and torques. This display is especially use­
ful in laboratory experiments, to monitor 
the performance of an automated system 

The Relative Positions of Two Circles represent forces and torques acting on an object, de­
rived from signals from an F/T sensor composed of strain gauges. 

and for presenting data on the status of a of Langley Research Center. No further 
system to an operator at a control station. documentation is available. 

This work was done by Marion A. Wise /Jl.R-13727 

Correction and Use of Jitter in Television Images 
~~ Suppression of vibrations and measurements of depth are among potential uses. 

NASA 's Je t Propulsion Laboratory, Pasadena, California 

A proposed system would stabilize a jit­
tering television image and/or measure the 
jitter to extract information on the motions 
of objects in the image. In an alternative 
version, the system would control the 
lateral motion of the camera to generate 
stereoscopic views to measure distances 
to objects. In yet another version, the mo­
tion of the camera would be controlled to 
keep an object in view. 

The heart of the system would be a digi­
tal image-data processor called a "Jitter­
miser" (for jitter minimizer), which would in­
clude a frame buffer and logic circuits to 
correct for jitter in the image (see figure). 
Signals from motion sensors on the cam­
era would be sent to the logic circuits and 
processed into corrections for motion 
along and across the line of sight. These 
would include the zoom setting of the lens, 
which would provide data for scaling the 

32 

motion of the image to the motion of the 
camera. The logic circuits would expand, 
contract, and/or laterally shift the image to 
compensate for the motions of the camera 

so that, when transmitted to the television 
monitor, the image would contain only the 
true motion in the scene. 

If the buffer and logic circuits take too 

Television 
Monitor 

Digital 0 
~--------~~ __________ ~~ __ pr_o_ce_s_so_r,-~~--~ 

Camera Mount 

The Mot ion of the Television Camera would be measured and/or controlled to compensate 
for motion in the image and/or extract useful information from it. 
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long to correct for the jitter, they could rein­
troduce jitter into the image. If, for example, 
the corrected image lags n frames behind 
the motion signals, this jitter would repre­
sent the difference between the locations 
and orientations of the camera at present 
and n frames ago. When this jitter be­
comes unacceptable, the system could re­
spond by selecting a less-complete, faster 
image-processing algorithm. 

The image-processing capability could 
be exploited to stabilize only a portion of a 
jittering image - for example, to get a sta­
tionary view of a vibrating object. By use of 
a keyboard, joystick, or other control , one 
could select the coordinates of a compo-

nent so that the processor could locate the 
component digitally in its frame buffer. 
Thereafter, the processor would shift the 
image digitally to keep the component at 
the same position on the television screen, 
whether or not the camera is jittering. This 
function could be combined with feedback 
control of the camera to keep a moving 0b­
ject within view. The outputs of the system 
could include data on the motion of the 0b­
ject - for example, the velocity of a bal­
loon as a measure of wind. 

For the measurement of distances to 
objects or for stereoscopic viewing, the 
processor would both control and meas­
ure the lateral motion of the camera. From 

the parallax motions of each component of 
the image, the distance from the camera to 
the corresponding object could be com­
puted. The processor could then superim­
pose depth labels on the television image 
to show the distance to each object of in­
terest. The processor could shift the com­
ponents of the image so that they would 
appear at their true depths when viewed 
stereoscopically. 

This work was done by Daniel B. Diner 
and Derek H. Fender of Ca1tech and Antony 
R. H. Fender of LAMA Engineering,lnc., for 
NASA's Jet Propulsion Laboratory. For 
further information, Circle 126 on the TSP 
Request Card. NPO~17499 

Design of Feedforward Controllers for Multivariable Plants 
Controllers are based on simple low-order transfer functions. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

Mathematical criteria have been derived 
for the design of feedforward controllers 
for a class of multiple-inputlmultiple-output 
linear plants. The controllers are repre­
sented by simple low-order transfer func­
tions, which are obtained without recon­
struction of the states of commands and 
disturbances. 

For the system shown at the top of the 
figure, the plant is described by 

Y(s) = Gc(s)U(s) + Gd(s)W(s) 
and the open-loop control law is 

U(s) = P(s)W(s) + Q(s)V(s) 
where s is the Laplace-transform complex 
frequency, U is an m x 1 vector represent-
ing the control input to the plant, W is an 
m x 1 vector representing the measurable 
disturbance input to the plant, V is an 1 x 1 
vector representing the command input, Y 
is an 1 x 1 vector representing the output of 
the plant, and G c and G d are the 1 x m and 
1 xm transfer-function matrices that relate 
the control and disturbance inputs, respec­
tively, to the output. The problem is to deter­
mine the transfer-function matrices p(s) 
and O:s) of the feedforward controllers so 
that, in the steady state, the output y(t) 
(where t = time) obeys the command v(t) 
and does not include a response to the dis­
turbance w(t). The plant is assumed to be 
stable. 

The linearity of the system permits the 
decomposition of the problem into two sep­
arate subproblems: the rejection of the dis­
turbancebyP(s)whenv = Oandthetrack­
ing of the command by O:s) when w = O. 
The main result of the analysis of the rejec­
tion subproblem is a requirement that the 
zeros of a specific rational vector com­
posed of elements of p(s) and of a specific 
formulation of Gc(c) and Gd(s) contain the 
poles of W(s). There must be at least as 
many control inputs as outputs (m~ 1). and 
the poles of the disturbances must not 
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PLANT WITH FEEDFORWARD AND FEEDBACK CONTROLLERS 

The Feedforward Controllers P(s) and O(s) enable the plant to track the command v while re­
maining unresponsive to the disturbance w in the steady state. The feedback controller K(s) 
can be added independently of P(s) and O(s) to stabilize the plant or to make the control sys­
tem less susceptible to variations in the parameters of the plant. 

coincide with the transmission zeros of the 
plant. Provided that these reqUirements 
are satisfied, the designer can choose any 
of a wide variety of transfer functions and is 
free to make P(s) consist of relatively­
simple proportional, derivative, and low­
order dynamic terms. 

The main result from the tracking sub­
problem is a requirement that the zeros of 
another specific rational vector composed 

of elements of O:s) and of the same specif­
ic formulation of Gc(s) and Gd(s) contain 
the poles of V(s). The poles of the com­
mands must not coincide with the trans­
mission zeros of the plant, and, as before, 
there must be at least as many control in­
puts as outputs. N; in the case of p(s), the 
designer is otherwise free to choose sim· 
pie proportional, derivative, and low-order 
dynamic terms. 
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If the plant is unstable, it can be stabi­
lized by a feedback controller described by 
K(s), as shown in the lower part of the 
figure. K(s) can be based on the open-loop 
plant, selected independently of p(s) and 
Q(s) by methods developed previously. 

For a plant with appreciable time con­
stants, a disturbance-feedforward control­
ler p(s) produces immediate corrective 
control action to counteract the effects of 
disturbances on the outputs of the plant, 
whereas a feedback controller is ineffec­
tive until the disturbance has acted on the 

plant for some time and the output is per­
turbed. Consequently, unlike feedback 
controllers, feedforward controllers are 
capable of decoupling of the disturbances 
and matching of the commands. 

As in the case of all open-loop controllers, 
the disturbance-rejection and command­
tracking properties of the feedforward sys­
tem are loot in the face of unpredictable var­
iations in the parameters of the plant. 
However, when these variations are known 
a priori and the feedforward controllers are 
"updated" to cope with these variations, 

then the steady-state output-control prop­
erties are preserved. Although feedback is 
not required when the plant is stable, the 
use of feedback is often recommended to 
reduce sensitivity to these variations and 
thereby increase the robustness of the 
overall control system. 

This work was done by Homayoun Seraji 
of Caltech for NASA's Jet Propulsion lab­
oratory. For further information, Orcle 88 
on the TSP Request Card. 
NPO-17177 

Rapidly-Indexing Incremental-Angle Encoder 
~~ The absolute position can be determined after rotation through a small angle. 

Goddard Space Flight Center, Greenbelt, Maryland 
An optoelectroniC system that meas- r----------- -------------------, 

ures the relative angular position of a shaft 
or other device to be turned can also 
measure the absolute angular position 
after the device has turned through a small 
angle. In contrast, a conventional opto­
electronic incremental-shaft-angle encod­
er has to be "indexed" (that is, calibrated 
with respect to the absolute angle) by turn­
ing it until the index or starting angle is 
found; in some cases, this can require 
nearly a complete revolution. Thus, the 
new angle encoder helps to save energy 
and reduce wear in the bearings. Its prinCi­
ple of operation is also applicable to 
incremental-linear-position encoders. 

As in a conventional encoder, the rela­
tive angular position is measured with fine 
resolution by optoelectronically counting 
finely- and uniformly-spaced light and dark 
areas on the encoder disk as the disk turns 
past the position-sensing device (see fig­
ure). However, the disk also includes a 
track containing coarsely- and nonuni­
formly-spaced light and dark areas, the 
angular widths of which vary in proportion 
to the absolute angular position. This sec­
ond track provides a gating and indexing 
signal. 

The output Signals from the position sen­
sor - one for each track - are fed to the 
counting circuit. The circuit counts the 
number of fine-increment pulses that oc­
cur during each coarse-increment pulse. 
This count gives a measure of the absolute 
angle because each coarse interval can 
be identified by its unique number of fine in­
crements. Thereafter, the angle is deter­
mined to a finer resolution by counting the 
number of fine increments after the start of 
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The Number of Fine Increments In Each Coarse Increment of angle can be counted to deter­
mine the absolute angle of the device. 

the gating signal. 
This work was done by Philip R. Christon 

and Wallace W Meyer of Ball Corp. for 

Goddard Space Flight Center. No fur­
ther documentation is available. 
GSC-13154 

Measuring Airflow With Digital Holographic Interferometry 
Pressures on surfaces of airfoils are computed from interference fringes. 

Ames Research Center, Moffett Field, California 
A digital image-processing system as­

sists in the analysiS of holographic inter-
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ferometric images of flow about an airfoil. 
Operating semiautomatically, the system 

identifies, counts, and labels interference 
fringes, then processes the distances be-
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tween fringes into the distribution of pres­
sure on the surface of the airfoil. The sys­
tem yields data on pressure faster than do 
manual image-analyses techniques, and 
these data compare favorably with those 
obtained by manual analysis and by probe 
measurements of pressure. 

fringe numbers. After starting the program, 
a fringe pattern is digitized and frame­
averaged to improve the signal-to-noise 
ratio. The user enters the location of two 
reference points to map the image-proces­
sor coordinates to the user's coordinate 
system by directing a cursor to the ap­
propriate locations and entering the cor­
responding positions in the user's system. 
The selected reference points are usually 

the leading and trailing edges of the airfoil. 
During numbering, the cursor can be 

moved along the segmented polygon line, 
positioning itself along the white segments. 
A reference fringe, the density along which 
is known, is selected and assigned the 
value O. Subsequent fringes are numbered 
relative to the reference fringe in incre­
ments of 1. The user determines the cor­
rect numbers to be assigned to each fringe 

The equipment is illustrated by the block 
diagram of Figure 1. A video camera views 
the interferometric hologram. The video 
image has a resolution of 512 x 512 picture 
elements, the intensity of each of which is 
digitized to 8 bits. The digitized image is 
stored in two memory planes. Another 
memory plane stores a graphical and al­
phanumerical overlay digitized to 4 bits. 

r---------:=1 I Image·Processing Subsystem I 

The system includes an arithmetic logic 
unit (ALU), which performs addition, sub­
traction, or comparison of the data in one 
or more memory planes in real time. The 
contents of each memory plane can be 
routed through lookup tables before entry 
into. the ALU and can be shown on a color 
display. A joystick control device is used for 
interactive input. It controls two cursors, 
which can be used in a number of operat­
ing modes. A color printing system aug­
ments the color monitor. 

Black-and-White 
Video Camera 

Memory for I 
Alphanumerical I 

Overlay 

L _________ .-1 

The system uses computer programs 
that evaluate the interferograms along 
straight or curved lines represented by 
polygon segments. The user is prompted 
for such inputs as reference points and 

Figure 1. The Image·Processlng System digitizes holographic interferograms of flow and 
processes them into data of pressure or other properties of the flow. 
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by observing the entire flow pattem of the 
interferogram. If the surface pressure is 
known to increase to a certain point and 
then decrease, the user correspondingly 
assigns fringe numbers that indicate this 
increase and decrease. Depending on the 
polygon line being used, some fringes have 
the same number as the fringe pattem 
bends in the cwosite direction. Two dif­
ferent numbering modules can be used to 
set the fringe numbers. Only one number 
and the direction in which the fringe 
numbers increase have to be entered by 
the user to number the entire line. During 
the numbering process, the black seg­
ments are overwritten by colors to show 
the difference in the fringe order of two ad­
jacent fringes. The color coding is an 
ergonomic feature that facilitates the 
detection of errors in numbering. 

To be able to handle a wide range of 
fringe frequencies or increase the ac­
curacy of the detection of fringes, the im­
age processor can handle digitizations of 
several sections of one interferogram 
taken with different resolutions. Altemate 
lenses on the video camera are used to 
focus on appropriate sections. Each sec­
tion is digitized separately until the entire 
polygon line has been evaluated. The data 
from different portions of the interferogram 
are then merged into one set of data. The 
output consists of the fringe numbers and 
location (fringe-order function) along the 
polygon line being evaluated. The fringe­
order function is automatically fed to a file 
from which it can be converted to the dis­
tribution of pressure coefficients by a post­
processing program (see Figure 2). 

This oork was done by Francisco J. Torres 
of Ames Research Center. Further infor­
mation may be found in NASA TM-88358 
[N87-24681J. "Application of Digital Holo­
graphic Interferometry to Pressure Meas­
urements of SymmetriC, Supercritical, and 
Circulation-Control Airfoils in Transonic 
Flow Fields." 

Copies may be purchased [prepayment 
required] from the National Technical In­
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. 
Rush orders may be placed for an extra fee 
by calling (BOO) 336-4700. 
ARC-12131 
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Figure 2. Analysis of the Interferogram by the Image-processing system produces results in 
close agreement with those obtained by manual analysis and by direct probe measure­
ments of pressure. In regions along the airfoil where the fringe pattern is clear, the probe 
measurements and the output of the image-processing system agree within 1 percent. 
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Optical Processing With Photorefractive Semiconductors 
Advantages include high speed and compatibility with other semiconductor devices. ~) 

-------------------------------------~~ NASA's Jet Propulsion Laboratory, Pasadena, California 
Art experimental phase-conjugate four· 

wave·mixing apparatus has been used to 
demonstrate the capabilities of GaAs (and 
potentially of other photo refractive semi· 
conductors like InP and CdTe) for optical 
processing of information. With modifica· 
tions, the apparatus performs any of three 
basic image-processing functions: transfer 
to a different light beam, enhancement of 
edges, and autocorrelation. 

GaAs offers important advantages over 
such crystalline oxides as BaTi03 and 
UNb03. Its photo refractive response oc­
curs within tens of microseconds - about 
100 times as fast as that of the oxides. 
GaAs devices operate in the infrared 
wavelength range of 0.9 to 1.6 ¢T1 and are 
therefore compatible with semiconduc­
tor injection lasers and miniature diode­
pumped yttrium aluminum garnet lasers. 
In contrast, the oxides operate in the visible 
wavelength range of 0.4 to 0.7 J.IrTl and 
therefore require gas lasers, which are 
large, expensive, and fragile. Thus, the ap­
plications of the oxides are limited, while 
GaAs is suitable for integration of optical 
processing with optoelectronic, electro­
optical, and electronic systems that are 
fast, compact, and consume little power. 

The apparatus includes a crystal of 
GaAs of 5 by 9 by 9 mm with its cubic crys­
talline axes oriented as shown in the figure. 
The crystal is illuminated from opposite 
sides bywr~ing laser beams 1 and 2, which 
are polarized in the plane of the paper. A 
grating is formed by the photorefractive ef­
fect at the intersection of these beams. 

The grating is illuminated by reading 
laser beam 3, which is also polarized in the 
plane of the illustration. The grating dif­
fracts this beam, producing phase-conju­
gate beam 4 with polarization perpen­
dicular to the page. Thus, beam 4 can be 
separated and deflected to a camera by a 
polarizing beam splitter. The polarizer also 
reduces the noise caused by randomly 
scattered background light. 

A transparency bearing an image is 
placed in beam 2 at a distance 1 from the 
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This Four-Wave Mixing Apparatus can be used to transfer an image from one light beam to 
another, enhance the edges In the transferred Image, or autocorrelate an Image. 

crystal to modulate the beam spatially with 
information. Because of the phase-conju­
gate nature of beam 4, the image appears 
in beam 4 at distance 1 from the crystal. 
Thus, an image has been transferred from 
one light beam to another. 

To enhance the edges in an image, 
another transparency is placed in beam 1, 
and a lens is placed in front of it at such a 
distance that its Fourier plane is in the 
crystal. The intens~ies of beams 1 and 2 
are then adjusted so that the intens~ies of 
the portions of the two beams carrying the 
high spatial frequencies are approximately 
equal. Under this condition, the hologram 
formed in the crystal acts as a high-pass 
filter of the spatial-frequency information. 
Thus, the eges - which have higher spa­
tial frequencies than the rest of the image 
does - are enhanced. 

To autocorrelate an image, identical 
transparencies and lenses are placed in 
both writing beams so that the crystal is il­
luminated from both sides with Fourier 

transforms of the image. The hologram in 
the crystal is read out by beam 3, and 
beam 4 is inverse Fourier-transformed by a 
lens. ThEt resulting image is the autocorre­
lation of the images. 

This work was done by UJen Cheng 
and Gregory Gheen of Caltech for NASA's 
Jet Propulsion Laboratory. For further in­
formation, Circle 82 on the TSP Request 
Gard. 

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

Edward Ansell 
Director of Patents and Ucensing 
Mail Stop 305-6 
Galifornia Institute of Technology 
1201 East California Boulevard 
Pasadena, CA 91125 

Refer to NPO-17324, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 

37 



Choosing Compositions of Electrocatalysts 
The best alloys for fuel cells and batteries can be determined from 
thermodynamical considerations. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A simple theory predicts the composi­
tions of alloys that exhibit maximum cata-
lytic activities in the presence of certain re­
actants. The method can be used to select 
the best catalysts for electrochemical bat­
teries and fuel cells. It predicted, for exam­
ple, that a platinum/lead electrocatalyst of 
specified composition would provide the 
lowest overvoltage of an oxygen electrode 
in an acidic or basic medium in a lithium 
battery. This prediction was borne out by 
experiment. 

The method is based on one used to an-
alyze the activities of nonelectrical cata­
lysts in reactions involving hydrogen or ox­
ygen. The rate of such a reaction increases 
when the solubility parameter of the cata­
lyst matches that of the reactant. 

The only difference between a catalyst 
and an electrocatalyst is that the latter 
must also be a good conductor of elec­
trons and be chemically stable in the elec­
trochemical environment in which it is to 
be used. Accordingly, it seemed that the ef­
fectiveness of electrocatalysts in metallic 
solutions could be calculated from ther­
modynamic relationships that describe the 
formation of solid solutions, in combination 
with models for the appropriate solutions. 

From such calculations, three alloys ap­
peared promising: lead/platinum, gold/sil­
ver, and silver/palladium. Of these, the 
leadlplatinum system had previously 
shown high activity in anodic oxidation in 
an ethylene glycol fuel cell. 

Accordingly, lead/platinum was select­
ed for experimental evaluation. The elec­
trochemical electrode overvoltage was 
measured as a function of the solubility 
parameter (see figure). The lower the over­
voltage, the more efficient the electrocata­
lytic kinetics are. For lead/platinum, the 
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The Oxygen-Electrode Overvoltage is plotted against the solubility parameter of a lead/plati· 
num electrode in acidic (upper curve) and basic (lower curve) solutions. The electrode was 
formed by plating mixtures of lead and platinum, corresponding to various solubility param­
eters. 
lowest overvoltage occurred for a solubility 
parameter of about 83 cal Y. cm -y, - a 
value close to that of atomic oxygen, as 
would be expected in nonelectrical catal­
ysis. This solubility parameter represents 
an electrode composed of about 54 per­
cent lead and 46 percent platinum by vol­
ume. 

This work was done by Daniel D. 
Lawson of Caitech for NASA's Jet Pro-

pulsion Laboratory. For further informa­
tion, Orcle 87 on the TSP Request Card. 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent 
Counsel, NASA Resident Office-JPL [see 
page 14}.Refer to NPO-17167 

Algorithm Estimates Microwave Water-Vapor Delay 
Accuracy equals or exceeds that of conventional linear algorithms. 

NASA's Jet Propulsion Laboratory, Pasadena, California brightness temperatures without detailed 
knowledge of the actualline-of-sight distri­
butions of relevant quantities. The "profile" algorithm is an improved 

algorithm that uses water-vapor-radiome­
ter data to produce estimates of micro­
wave delays caused by water vapor in the 
troposphere. Unlike conventional linear 
algorithms, it does not require site-specific 
and weather-dependent empirical param­
eters other than standard meteorological 
data, latitude, and altitude for use in con­
junction with published standard atmos­
pheric data. 
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A water-vapor radiometer measures the 
brightness temperature along a line of 
sight at frequencies close to the 22.2-GHz 
resonance of water. These temperatures 
depend on the distributions of kinetic tem­
perature, pressure, water vapor, and liquid 
water along this line of sight. The micro­
wave wet-path delay depends on the distri­
butions of water vapor and kinetic temper­
ature along the line of sight. The problem is 
to estimate the wet-path delay from the 

The basic premise of the profile algo­
rithm is that the wet-path delay is approxi­
mated closely by the solution to a simplified 
version of the nonlinear delay problem ana 
can be generated numerically from each 
radiometer observation and simultaneous 
meteorological data. The algorithm first 
chooses various simple vertical distribu­
tions of water vapor and liquid and inserts 
them in a mathematical model of emission 
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by the atmosphere at the radiometric 
wavelengths. When it finds a distribution 
for which the output of the model matches 
the radiometric observations, it uses this 
distribution in an integration along the 
desired line of sight to obtain the delay. 

It is assumed that the vertical distribu­
tion of relative humidity can be represent­
ed adequately by the two-piece linear func­
tion shown in the figure. At the surface, the 
relative humidity is measured convention­
ally. The relative-humidity profile is then ap­
proximated by connecting the two end­
points by straight lines to the relative 
humidity at an altitude of 3 km. This relative 
humidity is adjusted by the algorithm and 
used to estimate the trial vapor distribu­
tions via standard-atmosphere tempera­
ture and pressure profiles calibrated to the 
temperature and pressure measured at 
the surface. 

The emission model accounts for the 
continuum emission from droplets of water 
by assuming that the density of liquid water 
is proportional to the saturation water­
vapor density as set by the temperature 
and pressure at each point. The algorithm 
tries different constants of proportionality 
until it obtains a fit. 

The intrinsic accuracy of the profile al­
gorithm, excluding uncertainties in radi­
ometer data and the emission model, has 
been estimated with the help of archival 
radiosonde data. The annual root-mean­
square errors for a wide range of sites 
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The Vertical Distribution of Relative Humidity is represented by a two-piece linear profile 
with one arbitrary fitting parameter. Once this parameter is chosen, the relative-humidity dis­
tribution is used in conjunction with standard temperature and pressure distributions to ob­
tain the water-vapor-density distribution. 

average 1.8 mm in clear weather, 2.2 mm 
in cloudy weather, and 1.9 mm overall. In 
clear weather, the accuracy of the profile 
algorithm is comparable to the best that 
can be obtained from conventional linear 
algorithms; in cloudy weather, the profile 
algorithm offers a 35-percent improve-

ment. 
This work was done by Steven E. 

Robinson of Caltech for NASA's Jet Pro­
pulsion laboratory. For further informa­
tion, Qrele 163 on the TSP Request Card. 
NPO-17267 
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Optical Interferometric Micrometrology 
Resolutions in the angstrom and subangstrom range are 

~~ sought for atomic-scale surface probes. 

Lewis Research Center, Cleveland, Ohio 
Nt experimental optical micrometrologi- part traverses an optical reference flat 

cal system has been built to demonstrate mounted on a piezoelectric transducer 
the calibration of a piezoelectric transduc· and is then focused by a lens onto a reflec· 
er to a displacement sensitivity of a few tor attached to the piezoelectric translator, 
angstroms. The objective is to develop a the behavior of which is to be determined. 
relatively simple system that can produce After reflection, the beam is returned to 
and measure the translation, across the the beam splitter and split again into two 
surface of a specimen, of the stylus in an portions. The first portion barely bypasses 
atomic-force or scanning tunneling micro- the laser and falls on a projection screen 
scope. behind the laser where the fringes gener· 

Figure 1 illustrates schematically an ated by interference with the portion of the 
atomic-force microscope and the interfer- beam originally reflected by the reference 
ometer that is part of the optical micromet· flat can be observed. The second portion 
rolog ical system. Light from an HeINe passes through an aperture and is detect-
laser is divided by a cubic beam splitter into ed by a photodiode. 
two parts. One part falls on a prOjection The laser interferometer measures the 
screen for visual alignment or on a photo- changes of distance between the optical 
cell for stabilization of the laser. The other reference flat and the reflector. Because of 
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Figure 1. A Laser Interferometer is used to cal ibrate a piezoelectric transducer that would be 
used in an atomic-force microscope. 
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Figure 2. The Electron ic Portion of the 
Calibration System is made of commercial­
ly available components. 

the interposed lens, the interference pat­
tern intercepted on the screen behind the 
laser or on the plane of the aperture con­
sists of Newton's rings. Changes in dis­
tance can be determined from changes in 
the radi i of the rings or, more accurately, 
from changes of the intensity of light in the 
rings passing by the aperture and detected 
by the photodiode. 

Figure 2 is a block diagram of the elec· 
tronic portion of the system. In normal 
operation, the optical-flat piezoelectric 
transducer is driven by an ac signal at a fre­
quency of 5,000 Hz. The photodiode-out­
put Signal from which the displacement is 
inferred is detected by a lock-in amplifier, 
which is locked to the same reference os­
cillator that controls the motion of the 
transducer. Differential amplifiers isolate 
the relatively high voltage necessary to 
drive the piezoelectriC transducer from the 
dc power supply and lock-in amplifier. (A 
transformer can be substituted for differ­
ential amplifier 1 to enhance the signal-to­
noise ratio.) 

In one test, it was found that the inner· 
most ring of the interference pattern 
moved by half a fringe when a dc potential 
of 300 V was applied to the piezoelectric 
translator. When the time constant of the 
lock-in amplifier was set at 4 s in the pres­
ence of an ac sign&:, the noise in the output 
signal corresponded to a Signal of about 
0.7 V applied to the piezoelectric translator. 
Since half a fringe represents a displace· 
ment of about 1,500 A, this yields a dis­
placement sensitivity of 1,500 X (0.7/300) 
= 3.5 A. 

This work was done by Phillip 8. Abel of 
Lewis Research Center and James R. 
Lauer of Rensselaer Polytechnic Institute. 
Further information may be found in NASA 
TM-100299 [NBB-23196], "Development 
and Applications of Optical Interferometric 
Micrometrology in the Angstrom and Sub­
angstrom Range." 

Copies may be purchased [prepayment 
required] from the National Technical In­
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 4B7·4650. 
Rush orders may be placed for an extra fee 
by calling (BOO) 336-4700. LEW·14B37 
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Hollow-Cathode Source Generates Plasma 
Exposure to air and moisture does not degrade performance. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A device generates an argon, krypton, 

Keeper·Blaa 
Power 
Supply 

+ 

I Working 
t Gaaln 

Keeper 

or xenon plasma via thermionic emission 
and electrical discharge within a hollow 
cathode and ejects the plasma into the sur­
rounding vacuum. The device goes from a 
cold start up to full operation in less than 
5 s after the initial application of power. It 
can be exposed to moist air between oper­
ations without significant degradation of its 
starting and running characteristics. De­
signed for the neutralization of static elec­
trical charges on spacecraft, the device 
might be modified for use as a source of 
plasma in laboratory experiments or indus­
trial processes. 

-----------~ ~ Plasma 

L-____ :------~~ ~ Om 

The source includes an emitter tube with­
in the hollow cathode barrel and a keeper 
electrode just outside the orifice at the end 
of the barrel (see figure). A flow of the work­
ing gas is established within the barrel, and 
a starting potential of 300 to 400 V is ap­
plied, causing the cathode barrel to act as 
an anode with respect t01he emitter tUbe. 
Initially, the working gas breaks down elec­
trically in a glow diSCharge to the end of the 
emitter tUbe. Bombardment by ions from 
the discharge heats the end of the tube to 
thermionic temperatures within the short 
starting time. (The much larger heat ca­
pacity of the cathode barrel prevents the 
barrel from heating significantly during the 
starting process.) 

The emitter tube then begins to emit elec­
trons, and the discharge changes from a 
glow to an arc. In this condition, the device 
is considered to be "on" and acts as a 
stable source of dense plasma. The arc dis­
charge is sustained at the lower barrell 
emitter potential of about 55 V. The dis­
charge consumes about 350 W during start­
up and about 100 W during steady opera­
tion. 

Flows of plasma containing either pre­
dominantly electron or predominantly ion 
currents are extracted through the orifice 
in the cathode by applying positive or nega­
tive bias, respectively, to the keeper elec­
trode. Electron currents from 20 rnA to 6 A 

Starting 
Power 
Supply 

Running 
Po_r 
Supply 

+ 

+ Chassis or 
-= Ground 

Vessel 

Plasma Is Generated by an electrical discharge in the cathode barrel that sustains and is 
aided by thermionic emission from the emitter tube. The emitter tube does not depend on 
rare-earth oxides, which would make it vulnerable to contamination by exposure to the at­
mosphere. 

and ion currents up to 3521AA have been 
demonstrated. Ambipolar diffusion en­
sures that a plasma will be drawn from the 
cathode at keeper biases up to a few tens 
of volts. 

The tip of the emitter tube is optimized 
for the minimum heat capacity (for rapid 
startup and low consumption of power) 
consistent with adequate mechanical 
strength. The emitter tube is made of pure 
tantalum, which can be exposed to humid 
air, then placed in a vacuum again and re­
started with no adverse effects. Because 
this tube is not impregnated (as many ca­
thode tubes are) with rare-earth oxides to 
lower its electron work function , there is no 
need to take the customary precautions to 

prevent contamination of the oxides by ex­
posure to the atmosphere. 

The dimensions (e.g., orifice diameter 
1.00 mm) and separation (1.83 mm) of the 
emitter tube and the cathode barrel are 
chosen so that the stagnation pressure of 
the working gas is in the proper range 
[about 2 torr (270 Pa)] for a minimum-po­
tential glow discharge. The rate of flow of 
the gas is chosen to yield this pressure. 

This work was done by W D. Deininger, 
G. Aston, and L C. Pless of Ca1tech for 
NASA's Jet Propulsion Laboratory. For 
further information, Qrele 67 on the TSP 
Request Card. 
NPO-16992 

Diode-Laser Doppler Velocimeter 
~J Features include ruggedness and compactness. 

Marshall Space Flight Genter, Alabama 
A 00cJe.laser DewIer veIocineter meas­

ures nonintrusively the flow of an incom­
pressible fluid in a narrow tube. In compari­
son with other flowmeters suitable for this 
purpose, the new veiocimeter is rugged, 
compact, and competitive in cost. 
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The veiocimeter includes a three-sec­
tion optical head (see figure) and a sepa­
rate electronics module. The right section 
houses a laser diode that operates at a 
wavelength of "'780 nm. A thermoelectri« 
cooler controls the temperature of the 

laser diode to keep the wavelength stable. 
An optical flat splits the output beam from 
the laser into two beams, which are then 
focused by a lens. 

The middle section of the optical head 
contains the tube, which is equipped with 
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The Dlode·Laser Doppler Veloclmeter Includes a compact, rugged three-section optical head that is mounted on the tube containing the flow. 
In a slightly different version, a beam splitter and mirror would be used to split the laser beam Into two beams. 

quartz wil1dc:1Ml for optical access to the 
flow. The focused beams intersect at the 
measuring position in the flow. The left sec· 
tion of the optical head Contains the hetero­
dyne receiver, which consists of a pos~ 
tivelintrinsicJnegative photodiode with an 
iris aperture and preamplifier. 

The electronics module contains cur· 

rent sources that drive the diode and the 
thermoelectric cooler. It also contains cir· 
cuits to process the output of the receiver. 
The output of the processing electronics is 
fed to display electronics, which are also 
included in this module. 

This VtOrk was cbne by Greg;xy J. Getzer 
of OPHIR Corp. for Marshall Space Right 

Etalons Help Select Modes of Laser Diodes 
Stability under changes of temperature and current is increased. 

Goddard Space Flight Center, Greenbelt, Maryland 
AA extemal etalon aligned with a laser 

diode can provide optical feedback that 
enhances the stability of operation in one 
or a few of the longitudinal laser modes. 
The selection of longitudinal modes is nec­
essary to keep wavelengths within the re­
quired ranges for optical communication 
systems and other systems that involve the 
wavelength-dependent combination of 
laser beams. The mode-selection problem 
arises because the output of a typical laser 
diode contains multiple longitudinal modes 
and/or hops from one mode to another as 
the temperature or the diode current 
changes. 

The etalon provides an amount of feed­
back that varies periodically with wave­
length. The superposition of this feedback 
on the gain versus wavelength of the laser 
diode reduces the threshold Ioss(es) of the 
mode(s) near the peak(s) of the feedback 
vs. wavelength more than it reduces the 
threshold Ioss(es) of other modes. Conse­
quently, lasing in the mode(s) near the feed­
back peak(s) is favored over lasing in other 
modes. The etalon also helps to increase 
stability by reducing the sensitivity to minor 
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feedback from external objects other than 
the etalon itself. 

The figure illustrates an experimental c0n­

figuration used to test the etalon-feedback 
concept with two types of AlGaAs laser 
diodes. The cover glass of each diode was 
removed. The clear room-temperature-vul­
canizing silicone-rubber adhesive provided 
a good match between the indices of re­
fraction of the diode and of the uncoated, 
fused-silica etalon. The thickness of the 
etalon was chosen to obtain feed>ack with 
intensity peaks 1.9 nm (5 to 6 longitudinal 
modes) apart in wavelength. 

Measurements were performed on 
three types of commercial AlGaAs laser 
diodes. Two of these were tested both 
without and with the external etalon. The 
third, of a type called "thin , tapered 
thickness" (TTT), was tested without the 
external etalon, in its original package. 
Without the external eta Ion , the first two 
diodes exhibited hops to longitudinal 
modes two to three modes away, consis­
tent with etalon feedback from their cover 
glasses. The mode hops of the TTT diode 
were larger because of what amounts to in 

Center. No further documentation is avail­
able. 

Inquiries concerning rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 14].Refer to 
MFS-26104 

Room-Temperature­
Vulcanizing Silicone 

Adhesive 

Laser 
Diode 

Active 
Region 

Etalon 

The External Fabry·Perot Etalon provides 
feedback that helps to stabilize the opera­
tion of the laser diode in a single longitudi­
nal mode. In some laser diodes, some eta­
Ion feedback is provided by reflections 
from cover glasses and/or from internal 
diode structures. 

effect an etalon within the diode structure. 
That is why the external etalon was not 
used with this diode. 

With the external etalon, the first three 
laser diodes put out single modes, without 
hops, over temperature ranges of 8"C in 
continuous-wave operation and 4 °C in 
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pulsed operation, with 0.07 nml "C tuning. 
The unmodified TTT diode put out a single 
mode CNer temperature ranges of 10 "C 
(continuous-wave) and 2 "C (pulsed), with 
0.08 nml"C tuning. The time-resolved be­
havior of both types of laser diodes showed 
single-mode lasing within the proper tem­
perature ranges, with minor modes pres­
ent only early in the pulse if at all. Prelimi-

Books and Reports 
These reports, studies, handbooks are 
available from NASA as Technical 
Support Packages (TSP's) when a Re­
quest Card number is cited; otherwise 
they are available from the National 
Technical Information Service. 

Laser Rayleigh·Scattering 
D~ring Space Shuttle Entry 

The density of the atmosphere 
around the flightpath 
would be measured. 

A report presents a detailed study of the 
capabilities and the requirements for the 
equipment of a proposed ultraviolet Ray­
leigh-scattering instrument to be carried 
aboard the Space Shuttle. Using a pulsed 
ArF excimer laser operating at a wave­
length of 193 nm, the instrument would 
measure the density of the upper atmos­
phere in the viCinity of the flightpath, with 
an uncertainty of less than 1 percent and a 
spatial resolution of 1 km, over the range of 
altitudes from 50 to 90 km. With this ac­
curacy and resolution, the measurements 
should be adequate for the detection of 
small-scale meteorological structure that 
can affect the analysis of flight dynamic 
data of reentering spacecraft. 

Rayleigh scattering is attractive be­
cause it is the simplest of all radiative inter­
actions with gases. In essence, it can be 
described as the nonresonant elastic scat­
tering of light by molecules. The scattered 
light is at nearly the same wavelength and 
bandwidth as those of the source, and its 
intensity is proportional to the number den­
sity of the particles. The cross section for 
Rayleigh scattering increases sharply with 
decreasing wavelength, but in the absence 
of resonance-enhancement effects, it has 
no sensitivity to any resonant transitions in 
the gas and is therefore insensitive to the 
temperature. 

In the case of backward scattering from 
gases, the intenSity of the scattered light is 
also independent of the polarization of the 
incident light. Furthermore, in air at am­
bient temperatures, the yield of photons 
from Rayleigh scattering is greater than 
that from any other radiative interaction. 
Hence, the restrictions on the energy and 
spectral qualities of the laser are minimal. 
TheArF laser and its wavelength of 193nm 

nary aging tests indicate stability to within 
one longitudinal mode after a few hundred 
hours of operation, and expected lifetimes 
of at least several thousand hours. 

This work was done by William L. 
Maynard of Goddard Space Aight Cen· 
ter. For further information, Circle 69 on 
the TSP Request Card. 
GSC-13235 

were chosen to take maximum advantage 
of the large Rayleigh signal and the low 
solar background at that wavelength. 

In the proposed instrument, the laser 
beam would emerge from the window in 
the middeck crew hatch and propagate 
perpendicularly to the longitudinal axis of 
the vehicle. The light scattered backward 
by the ambient air would be collected dur­
ing each pulse by optics attached to the in­
side of the window. For this application, the 
collection optics would be arranged so that 
only light scattered from the length of the 
beam beyond the shock layer would be de­
tected. The intensity of the scattered light 
would be integrated over a selected period 
following each pulse, then divided by the 
laser-pulse energy to obtain a signal pro­
portional to the ambient density in the 0b­
served length of the beam. 

For this kind of measurement, the per­
formance of the laser is characterized pri­
marily in terms of its average power, which 
should be at least 0.6 W to yield an ade­
quate signal-to-noise ratio. In practice, one 
would most likely use a commercial laser 
of about 5 W. Extrapolating from tests on a 
commercial laser, it appears that the laser 
and its power and gas supplies would have 
a total mass up to 300 kg and would require 
1 to 2.5 kW of electric power and 1 gpm 
(0.06 Us) of liquid coolant. 

The authors also discuss extensions of 
the concept to measurements of the loca­
tion of, and the density as a function of posi­
tion in, the shock wave of the Space Shut­
tle. The same ultraviolet system would be 
used to take time- and space-resolved 
Rayleigh-scattering measurements of the 
shock layer. Such measurements would 
provide baseline data for verification of 
computer models of high-enthalpy hyper­
sonic, nonequilibrium, and viscous condi­
tions. 

This work was done by Robert L. 
McKenzie of Ames Research Center. 
Further information may be found in AIM 
paper A87-43052, "A Method of At­
mospheric Density Measurements During 
Shuttle Entry Using UV Laser Rayleigh 
Scattering. " 

Copies may be purchased [prepayment 
required] from AIM Technicallnformation 
Services Ubrary, 555 West 57th Street, 
New York, New York 10019, Telephone 
No. (212) 247-6500. 
ARC-11841 
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After centuries of practice, 
mankind perfects engineering 

calculations: MathCAD. 
Announcing MathCAD 2.5: 
The Dawn of a New Age. 

What the historians will call it, 
only time will tell. 

Perhaps the Century of Speed, or 
the Era of Ease. But whatever the 
name, this is the age of MathCAD 2.5, 
the only math package that looks 
and works the way you think. 

MathCAD 2.S jnduM 3-D plotti'1!/, HPGL Iltmh 
import, and PortScript output. 

MathCAD is far and away the 
best-selling math package in the 
world. Because it lets you perform 
engineering and scientific calcula­
tions in a way that's fuster, more 
natural and less error-prone than 
the way you're doing them now­
whether you're using a scratch pad, 
calculator, spreadsheet or program 
that you wrote yourself. 

And now we've made the best 
even better. MathCAD 2.5 is a dra­
matically improved version that in­
cludes three-dimensional plotting, 
enhanced numerical analysis, and 
the ability to import HPGL files 
from most popular CAD programs, 
including AutoCAD~ And now you 
can print on PostScript"' compatible 
printers. 

And like before, MathCAD's live 
document interfuce~ lets you enter 

NGINEE\\ING 
~\ONJ>.\Ssp..NC\O 

equations ~ywhere on the screen, 
add text to support your work, and 
graph the results. Then print your 
analysis in presentation-quality 
documents. 

It has over UO commonly used 
functions built right in, for handling 
equations and formulas, as well as 
exponentials, differentials, cubic 
splines, FFfs and matrices. 

No matter what kind of math you 
do, MathCAD 2.5 has a solution 
for you. In fact, it's used by over 
50,000 engineers and scientists, 
including electrical, industrial, and 
mechanical engineers, physicists, 
biologists, and economists. r;;;~~;1 

But don't take our word 
for it; just ask the experts. 
PC Magazine recently 
described MathCAD as 
"everything you have ever 
dreamed ofin a mathemat­
ical tooLbox." 

And for Macintosh"' 

Marchi., 
1989issu •• 

lkstof'88 
lkstof'87 

users, we present MathCAD 2.0, 
rewritten to take full advantage of 
the Macintosh interface. Entering 
operators and Greek letters into 
equations is pure simplicity! 

Look for MathCAD 2.5 at your 
local software dealer, or give us a 
call. For more information, a free 
demo disk, or upgrade information~ 
diai I-SOO-MATHeAD (in MA, 
617-577-1017) . 

*Ifyou ptm:hased MathCAD 2. 0 between 
511/89 and 6116189) you cangeta FREE 
u!1Jmde to versum 2.5 (otherwise) the up­
grade cost is $99.00 until June 30) 1989; 
afterwards) the cost will be $149. 00). 

MathCAD® 
MathSoft, Inc. 0 ... Kendall Square, Cambridge, MA 02139 

Available for ffiM"' compatibles and Macintosh computers. TM and ® signify manufucturc.r's trade.mark or manufactu~r's registered trademark respectively. PE 
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Materials 
Hardware Techniques, and 
Processes 
50 Silver Ink for Jet Printing 

50 Making MgO/SIO. Glasses 
by the Sol-Gel Process 

Silver Ink for Jet Printing and adjusted to bring it into the range of 
3 to 10 mPa.s. The viscosity was de­
creased by adding toluene or xylene, then 
increased by bubbling dry nitrogen through 
the ink to evaporate the toluene or xylene. 
The ink was stored in a tightly-covered 
amber bottle until needed. 

~~ There are no silver particles to foul the printing head. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A metallo-organic ink containing silver 
(with some bismuth as an adhesion agent) 
is applied to printed-circuit boards and 
pyrolized in air to form electrically conduc­
tive patterns. The ink contains no particles 
of silver, does not have to be mixed during 
use to maintain homogeneity, and can be 
applied to the boards by ink-jet printing 
heads. 

The ink consists of silver neodecanoate 
and bismuth 2-ethylhexanoate dissolved in 
xylene and/or toluene. In an experimental 
synthesis, ammonium neodecanoate soap 
was prepared by reacting neodecanoic 
acid with ammonium hydroxide; this soap 
was then reacted with silver nitrate, pro­
ducing impure silver neodecanoate and 
ammonium nitrate (see figure). The silver 
neodecanoate was washed and dried, 
forming a white, powdery solid that was 
stored in dark bottles. 

Similarly, ammonium 2-ethylhexanoate 
soap was prepared from 2-ethylhexanoic 
acid and ammonium hydroxide. The soap 
was reacted with a clear solution of bis­
muth nitrate in nitric acid. The resulting 
white oil of bismuth 2-ethylhexanoate was 
extracted in toluene or xylene and dried 
over molecular sieves. 

To prepare the ink, the silver neodec­
anoate was dissolved in xylene or toluene, 
and the solution was assayed by ther­
mogravimetric analysis to determine the 
fractional weight of silver. The bismuth 2-
ethylhexanoate was analyzed similarly to 
determine the fractional weight of bismuth 
oxide produced on thermal decomposi­
tion. The two solutions were then mixed to 
obtain an ink that, upon thermal decompo-

sit ion in ai r, would leave a residue of 99 
weight percent silver and 1 weight percent 
bismuth oxide. Three drops of neodec­
anoic acid per 100 mL of ink were added 
as a stabilizer. 

The viscosity of the ink was measured 

This work was done by R. W Vest and 
Saraswathi Singaram of Purdue University 
for NASA's Jet Propulsion Laboratory. 
For further information, Circle 38 on the 
TSP Request Card. NPO-17153 

Neodecanoic Acid 

2-Ethylhexanoic 
Acid 

Ammon ium 
Hydroxide .--

Silver 
Nitrate 
..--.. 

Ammon ium 
Hydrox ide 

Bismuth 
Nitrate 

Ammon ium 
Neodecanoate 

Silver 
Neodecanoate 

Ammon ium 
2-Ethylhexanoate 

Water 

Ammonium 
Nitrate 

Water 

Bismuth 
2-Ethyl hexanoate 

Bi(C7 H15 COO)3 + 3NH 4N03 + 5H20 

These Two Sequences of Reactions are used to prepare the main ingredients of the ink. 

Making MgO/Si02 Glasses by the Sol-Gel Process 
~~ Melting to form glasses having liquid-liquid immiscibility is not necessary. 

Lewis Research Center, Cleveland, Ohio 
Silicon dioxide glasses containing as 

much as 15 mole percent magnesium ox­
ide have been prepared by a sol-gel proc­
ess. Such glasses cannot be made by con­
ventional melting because the ingredients 
are immiscible liquids. 

50 

The sol-gel process involves the hydroly­
sis and polycondensation of silicon tetra­
ethoxide [Si(OC2H~J and magnesium ni­
trate hexahydrate to form a clear gel (see 
figure). Because the free energy of a gel is 
higher than that of a glass of the same 

composition, the gel can be converted into 
glass at temperatures far below the liquid­
us temperature. Besides producing glass­
es of new composition at lower processing 
temperatures, the sol-gel method leads to 
improved homogeneity and higher purity. 

In experiments, magnesium nitrate hex­
ahydrate was dissolved in alcohol and 
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stirred with Si(OC~~4 that had been dilut­
ed in alcohol. Water was added, drop by 
drop, and stirred in vigorously. The alcohol 
acted as a mutual solvent for Si(OC2H~4 
and water, which are immiscible with each 
other. A clear, homogeneous solution re­
sulted. 

The solution was allowed to stand for 
gelling, in some cases at room tempera­
ture and in other cases in a warm, con­
stant-temperature bath. Gelation took sev­
eral hours to many days, depending on the 
ratio of water to Si(OC2H ~ 4' the concentra­
tion of magnesium, and the temperature. 
The gels were clear and monolithic and 
cracked into smaller pieces when dried for 
several days at room temperature. The 
dried gels were then sintered into glasses 
at temperatures up to 1,200 °e. 

No organic groups were detected in 
glasses heated to 800 °e, but infrared 
spectroscopy showed trace amounts of 
hydroxyl groups even in specimens heated 
to 890 °e. No crystalline phase was found 
in x-ray diffraction of samples heated to 
890 °e. Alpha quartz was identified as the 
crystalline phase in gels heated to 950 °e. 

This work was done by Narottam P. 

+ 

Mix and Stir 

~~-
Slowly Add H20 With Stirring 

(Hydrolysis and Polycondensatlon) 

+ .. 
Thermal Treatment 

(Removal of Volatiles and Decomposition 
of Nitrate; 

Initial Denslflcatlon) 

~ .. 
Sinter 

t 
Glass or Ceramic 

Bansal of Lewis Research Center. Fur­
ther information may be found in NASA 
TM-89005 [N87-237501 "Sol-Gel Synthesis 
of MgO-Si02 Glass Compositions Having 
Stable Uquid-Uquid Immiscibility." 

The Synthesis of MgO/SI02 Glass starts with the mixing of magnesium nitrate hexahydrate 
with silicon tetraethoxide, both in alcohol. Water is added, and a transparent gel forms. Sub­
sequent processing converts the gel into a glass. 

Copies may be purchased [prepayment 
required] from the National Technical In-

formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. 

Rush orders may be placed for an extra fee 
bycal/ing (BOO) 336-4700. LEW-14714 

Colorful T-Shirt For All Ages 
Celebrate America's return to space with this official T-shirt 

from the movie "The Dream Is Alive™." Gorgeous full­
color graphics against a white background. Machine-
washable cotton and polyester. Only $1 1.50 each! 
Order yours today using this convenient coupon. 

--------------------------
Enciosed is $ (Add $2.50 for shipping 
and handling. NY residents add sales tax.) 

Rush me ____ T-shirt (s) in the following sizes(s) : 

Adult: ___ S ___ M L XL 

Children: ___ XS ___ S ___ M ___ L 

Name ________________ _ 

Address ________________ _ 

City State Zip ___ _ 

Clip and mail with payment to: 
NASA Tech Briefs, Fulfillment Dept. 

41 East 42nd Street, New York, NY 10017 
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••••• the right • ........ • t 
./f} envlronmen 

for cost-effective composite curing 

il~~:f~~~;j~il~;f~~f 
i.&§t your most demanding composite 

.::.:.~~" curing needs. If you're looking for the 
Ij~-: system that delivers a greater return on 
-: .. investment, check out the Ultra.Temp. 

You won't find a better buy, anywhere_ 
For more information write, call or FAX: 

Blue M, A Unit of General Signal, 
Blue Island, Illinois 60406. Phone 

312·385·9000 • FAX 312·331·2515. 689 
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Analyze Your Data 
with the Most 

Complete and Reliable 
Statistical Software 

When your research goes 
beyond the basics, you can' t 
beat BMDP-the most complete 
package for in-depth data 
analysis. BMDP is a compre­
hensive collection of 42 
programs, with capabilities 
ranging from simple descriptive 
statistics to the most advanced 
multivariate techniques. 

The BMDP programs provide 
flexibility and special methods 
that go above and far beyond 
other statistical packages. 

Ideal for Advanced Analysis 

In addition to all the standard 
statistical routines, BMDP also 
provides all possible subsets 
regression, time series, life 
tables, survival analysis, 
repeated measures ANOVA, 
and much more. 

BMDP is well respected, widely 
used, and fully supported. 

If your analysis requires 
accuracy, reliability, and 
sophisticated statistics­
BMDP can't be beat! 

Available for Mainframes, 
Minicomputers, Work 
Stations, and pes 

BMDP is available on a wide 
range of computer systems, 
including IBM mainframes, 
VAX/VMS and UNIX, SUN, 
Data General, HP, CDC, and 
IBM PC and PS/2 compatibles. 

Call us today. Your satisfaction 
is guaranteed! 

(213) 479-7799 

BMDP Statistical Software, Inc. 

1440 Sepulveda Boulevard 
Los Angeles, California 90025 

Fax (213) 312-0161 

52 Circle Reader Action No. 421 

Computer Programs 
52 Simulating the Gamma·Ray Observatory Spacecraft 
52 Computing Stress, Stability, and Vibration of Shells 
54 Computing Optimal Multiarc Trajectories 

COSMIC: Transferring NASA Software 
COSMIC, NASA's Computer Software Manage­

ment and Informallon Center, distributes soft· 
ware developed with NASA funding to industry, 
other government agencies and academia. 

COSMIC's inventory is updated regularly; new 
programs are reported in Tech Briefs. For addi· 
tional information on any of the programs describ­
ed here, circle the appropriate TSP number. 

If you don't find a program in this issue that 
meets your needs, call COSMIC directly for a free 

Computer Programs 
These programs may be obtained at a 
very reasonable cost from COSMIC, a 
facility sponsored by NASA to make 
computer programs available to the 
public. For information on program 
price, size, and availability, circle the 
re ference number on the TSP and 
COSMIC Request Card in this issue. o MeChanics 

Simulating the Gamma-Ray 
Observatory Spacecraft 

Positions, orientations, torques, 
sensor data, and actuator 
commands are generated as 
required by the user, 

The Gamma·Ray Observatory (GRO) 
spacecraft will constitute a major advance 
in y-ray astronomy by offering the first op­
portunity for comprehensive observations 
in the range of 0.1 to 30,000 MeY-The Gam­
ma Ray Observatory Attitude Dynamics 
Simulator (GROSS) computer program is 
designed to simulate this mission. 

GROSS consists of three separate pro­
grams: the stand-alone profile program; 
the simulator program, which contains the 
simulation control input/output (SCIO) sub­
system, the truth model (TM) subsystem, 
and the on-board computer (OBC) subsys­
tem; and the postprocessor program. The 
stand-alone profile program mathematical­
ly mcx:lels the environment of the space­
craft and generates a set of prOfile data for 
use by the simulator. This set contains such 
ttems as individual external torques; ephem­
erides of the GRO spacecraft, of the Track­
ing and Data Relay Satellite (TORS), and of 
the Sun and Moon; and data on stars. The 
stand-alone prOfile program is run before a 
simulation. 

The SCIO subsystem is the executive 

review of programs In your area of interest. You 
can also purchase the 1988 COSMIC Software 
Catalog , containing descriptions and ordering in· 
formation for available software. 

COSMIC is part of NASA's Technology Utiliza· 
tion Network. 

COSMIC' - John A. Gibson , Director, (404) 
542·3265 
The University of Georgia, 382 East Broad Street, 
Athens, Georgia 30602 

driver for the simulator. It accepts input 
from the user, initializes parameters, con­
trols simulation, and generates output files 
of data and a display of the status of the 
simulation. The TM subsystem mcx:lels the 
sensors, actuators, and dynamics of the 
spacecraft. It accepts ephemerides, data 
on stars, and environmental torques from 
the stand-alone profile program. With 
these and actuator commands from the 
OBC subsystem, the TM subsystem propa­
gates the current state of the spacecraft 
and generates sensor data for use by the 
OBC and SCIO subsystems. 

The OBC subsystem uses sensor data 
from the TM subsystem, a Kalman filter (to 
determine the attitude), and control laws to 
compute actuator commands to the TM 
subsystem. The OBC subsystem also pro­
vides output data to the SCIO subsystem 
for output to the analysts. 

The postprocessor program is run after 
simulation is completed. It generates 
printer and cathode-ray-tube plots and 
tabular reports of the simulated data at the 
direction of the user. 

GROSS is written in FORTRAN 77 and 
assembler and has been implemented on 
a VP\)( 111780 computer under VMS 4.5. It 
requires a virtual memory of 255K. GROSS 
was developed in 1986. 

This program was written by J. Garrick 
of Goddard Space flight Center. For fur­
ther information, Orc/e 26 on the TSP Re­
quest Card. 
GSC-13147 

Computing Stress, Stability, 
and Vibration of Shells 

Complicated, branched 
shells of revolution are 
analyzed by a finite­
difference energy method, 

The 8OSOR4 computer program was de­
veloped as a comprehensive program for 
the analysis of stress, stability, and vibra­
tion of complex, branched shells of revolu­
tion made of elastic materials. It can be 
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used to analyze prismatic shells and 
panels. BOSOR4 performs large-deflection 
axisymmetric stress analysis, small-deflec­
tion nonsymmetric stress analysis, modal 
vibration analysis with axisymmetric non­
linear prestress included, and buckling 
analysis with axisymmetric or nonsymmet­
ric prestress. One of the main advantages 
of the BOSOR4 code is the provision for 
such realistic engineering details as ec­
centric load paths, internal supports, arbi· 
trary branching conditions, and a "library" 
of wall constructions. 

The program is based on the finite-differ­
ence energy method and offers very rapid 
convergence with increasing numbers of 
mesh points. The BOSOR4 analyses are 
based on minimization of energy with con· 
straint conditions. The total energy of the 

system is taken to include the strain energy 
of the segments of the shell , the strain en­
ergy of the discrete rings, the potential en­
ergy of applied line loads and pressures, 
the kinetic energy of the shell segments, 
and the kinetic energy of the discrete rings. 

The constraint conditions arise from dis­
placement conditions imposed anywhere 
in the composite shell and from conditions 
of compatibility between segments and 
branches of the composite shell . These 
components of energy and the constraint 
conditions are expressed in differential 
form in terms of the components of dis­
placement of the reference surface of the 
shell at the finite-difference mesh points 
and in terms of the Lagrange multipliers. 
The integration is performed numerically 
by means of the trapezoidal rule. Now in 
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algebraic form, the energy is minimized 
with respect to the discrete dependent 
variables. 

The BOSOR4 program is written in FOR­
TRAN 77 for interactive execution. It was 
developed on a DEC Vtv< 11 /700 computer 
under VMS 4.0. It has a central-memory re­
quirement of approximately 984K. With 
use of the 01-3000 plot library (available 
from Precision Visuals), the program plots 
the shape of the prebuckling state, buck­
ling, or vibration mode. The BOSOR4 pro­
gram was developed in 1986. 

This program was written by David 
Bushnell of Lockheed Palo Alto Research 
Laboratory for Langley Research Center. 
For further information, Circle 64 on the 
TSP Request Card. LAR-13940 

Computing Optimal 
Multiarc Trajectories 

Impulsive changes of velocity 
and finite burns are options. 

The Optimal Multi -Arc Trajectories 
(OMA1) computer program is designed to 
calculate a solution to the optimal-trajec­
tory problem in cases of low thrust-to­
weight ratios. This formulation is logical 
and concise, making maximum use of vec­
tor.matrix algebra. It is also "error-free" 
and attempts to anticipate unexpected er­
rors and situations that would hinder the 
continuity of the solution. 

The OMAT program is developed for a 
two-body exoatmospheric problem with 
three degrees of freedom in an inverse­
square force field. The program offers two 
different options: impulsive changes in 
velocity and finite burns with low thrust-to­
weight ratios. Therefore, two distinct solu­
tions are available from the program -
the optimal multi-impulse (OMI) solution 
and the optimal multiburn (OMS) solution. 

The two solutions can be obtained sepa­
rately, or the results of the OMI solution can 
be used to guess the unknown parameters 
of the OMS solution. This capability allows 
for nearly automatic design of missions 
without the requirement to guess controls. 
The state, costate, and variational equa­
tions are propagated numerically on the 
burn arcs with a unique Runge-Kutta-Ny­
strom integrator and analytically on the 
coast arcs. A combined gradient/Newton­
Raphson iterator adapts readily to any rea­
sonable guess of the unknown elements in 
the parameter vector. 

This program is written for the DEC Vtv<­
series computer. It is written completely in 
FORTRAN 77 and has a central-memory 
requirement of 232,000 8-bit bytes. The 
program was made available in 1987. 

This program was written by Donald J. 
Jezewski of McDonnell Douglas Corp. for 
Johnson Space Center. For further infor­
mation, Circle 6 on the TSP Request Card. 
MSC-21112 
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~/ WHY BUY A NEW CAR 
WHEN YOU DON'T HAVE TO? 

UJe Tuioil® _ ~ ~ tQ(/t faa - .. ...-~_taa! 
The next time you change your oil, Our 1976- 476T-Blrd IS now at 190,000 

REAl LV change jt . .into the engine treat- miles and purring. 
ment it could be, it should be! A bunch of customers' cars have now 

TUFOIL IS El>SY TO USEI 
It's east to make your engine run bet­

ter, last longer. Just add 8 ounces of 
Tufoil to the crankcase. After that, add 4 
ounces each time you change your oil. 
You don't have to shake the container or 
add an engine flush. Just pour it in and 
drive awetf· 

SILKY SMOOTH ACCELERAllON 
Your throttle will get silky smooth .. . ac­

celeration will improve. One customer 
said his car "takes off like a scared rab­
bitl. Tufoil works wonders for all knCNIn 
engine oils. It's actually slipperier than 
Teflon®. (according to a famous US 
goverment laboratory.) 

FAST STAR1S - HOT OR COLD 
You'll get astonishingly fast starts on 

cold mornings with both diesels and gas 
engines. The Canadian government 
tested TUFOIL a.. it's cold regions lab. 
They showed faster cranking and sig­
nificant fuel savings with TUFOIL. Better 
on desert like hot days too. 

MORE POWER · BETTER RESPONSE 
Owners of very expensive German 

diesels call in wanting to buy stock in our 
company. They S8¥ their diesels are ac­
celerating like nothing they've ever seen 
before. One said he doesn't have to 
doWn shift arT'f more on an annoying hill 
in his area. 

Your car can have more power like that 

passed 250,000 miles. 
Several months ago, a nice man I'd 

never seen before walked into our offices, 
big smile on his face, sat down and said, 
Would you believe 340,000 miles on a 
Tufoil engine?" He went on to rave about 
how well his engine has been running all 
these years. I couldn't get a word in 
edgeWise. 

Recently, a truck driver called in with 
over 1,000,000 miles on a diesel using 
TUFOIL - WCNlI 

~tA4t~ 
tI!ld7~ 

A customer from Vermont added 10% 
TUFOIL to his sticky mechanical trans­
mission, called in and said he couldn't 
believe it ... "Shifting is like slicing butter 
nowl', he said. 

SAAB owners are writing letters prais-
ing TUFOIL in their 'NINES· magazine. 
They report spectacular improvements in 
their engines and manual transmissions I 

Don't forget I TUFOIL is the result of 
over 15 years of research and develop­
ment . The U.S. government has 
awarded us 6 patents so far ... so have 
Germany, England, France and Canada. 

No olber Iybricant even comes close, 
One customer put it nicely when he said, 
"You can hear it ... you can feel it', after ad­
ding Tufoil to his engine! 

PS-Our loyal customers wrote this ad 
for us. Its full of their comments I 
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one with each orrl~r of 2 batt!ee 0:" a quart. ChiR;k :2 ior each i 
gallon order. Values range from $3.98 to $9.95. I 
D TUFOIL Gun-Coat - Super rust inhibited, smooth action I 
D TUFOIL Compu-Lube - Low viscosity for computer 

rush my TUF II order: 

mechanisms . I 
D TUFOIL lightning Grease - Easily sheared grease for 

IOstruments 
D TUFOIL Lubit -8 - General purpose, household use I 

I lubrocant I 
brochures . . . I 

D 30 Questions/Answers about TUFOIL 
o " Fun with Superconductors"-we're leading that field 

DONE 8 oz. bottle . .. treat one car for 
$14.25 (plus $3.50 shipping and 
handling) . See money back 
guarantee. 

D TWO 8 oz. bottles ... treat two cars 
for $25.00 (plus $4.00 shipping 
and handling) SAVE $6.00 

D ONE Quart bottle .. . treat 4 cars 
for $34.95 (Plus $4.00 shipping 
and handling) 

TRY ONE 8 OZ BOmE OF TUFOIL 
FOR 30 DAYS OR 1000 MILES 

If you don't notice quieter-smoother 
operation,quicker starting ,snappy ac· 
celeration ,just send us proof of purchase 
with a note describing the year and make 
of your car. We'll refund your money im­
mediately-

Send for TUFOIL today and prove to 
yourseH the amazing increase in your 
car's performance. HI n the coupon 
today or call TOLL-FREE arT'f time, 24 
hours a day. 

1-800-922-0075- ~ 
(in New Jersey. call20f.82S·8110.) ~ 

I II Fiuoramlcs, InC,NTB-89 
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o Am Express 0 MasterCard 0 Visa 
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Multiple-Boundary-Condition Vibration Tests 
Experiments build confidence in this emerging technique, 

NASA's Jet Propulsion Laboratory, Pasadena, California 
The multiple-boundary-condition testing 

methcx:l is gaining acceptance as a tech­
nq.e to improve the analysis of vibratbns i1 
large structures. The methcx:l was CCX1Ceived 
for the vibrational testing, in a terrestrial en­
vironment, of large, complicated three<li­
mensional structures intended for use in 
outer space. The objective of such testing 
is to identify the parameters (e.g., nodal 
masses, stiffnesses of elements, and other 
quantities related to the shapes, sizes, and 
frequencies of vibrational modes) of math­
ematical models used to predict the vibra­
tions of such structures in the absence of 
gravitation and air. The technique has p0-
tential terrestrial uses in the testing and 
evaluation of the dynamics of tOYlers and 
offshore structures and of the safety of 
large buildings in Earthquakes. 

The multiple-boundary-condition test 
method can help in overcoming the distort­
ing effects of the atmosphere and me­
chanical supports, which can overwhelm 
the effects that one seeks to measure. In 
this method, the structure is supported and' 
or restrained at several positions; the 
StruCtUI e is excited at the desired vibration­
al frequencies, and the vibrations are 
measured to determine the characteristics 
of the vibrational modes. The supports and' 

or restraints are then moved to different 
positions and the tests conducted anew to 
measure the resulting new vibrational 
modes. This procedure may be repeated 
several times under different support/re­
straint (boundary) conditions. 

No single test of this type yields data on 
all the parameters of the structure, and, in 
particular, a test yields no data on the 
parameters of the parts located at the re­
straints. However, each test under differ­
ent boundary conditions excites different 
portions of the structure and can be related 
to a small subset of the total mathematical 
formulation; this facilitates the modification 
or verification of the affected parts of the 
mathematical model, and recent theoreti­
cal developments make it possible to de­
termine quantitatively the sensitivities of 
the parameters to the results of a given 
test. In addition, many different combina­
tions and positions of the mechanical con­
straints can be used to obtain many differ­
ent estimates of any desired parameter. 
Statistical theory suggests that the data 
from many different boundary conditions 
can increase the accuracy of the mathe­
matical model. 

Experiments were performed on an alu­
minum beam of uniform cross section, an 

CONFIGURATION II 

aluminum beam of two different cross sec­
tions altemating along the length, and a 12-
bay truss structure. These structures were 
simply supported at their ends and at vari­
ous intermediate positions (see figure). 
Each beam was tested in four and the truss 
in two different configurations of supports. 
In each case, the vibrational data were us­
ed to update a mathematical model of the 
affected structure containing deliberately 
and grossly erroneous parameters of the 
beams and cross-sectional areas of the 
truss members (areal moments of inertia of 
which the true values were known), to test 
the corrective po.ver of the multiple-bound­
ary-condition approach. In all cases, the 
test data led to updated parameters within 
a few percent of the true values. 

This work was done by Olin-Po Kuo and 
Ben K. Wada of GaJtech for NASA's Jet 
Propulsion Laboratory. For further infor­
mation, Orc/e 125 on the TSP Request 
card. 

InquirieS concerning rights for the com­
mercia/ use of this invention should be ad­
dressed to the Patent Counsel, NASA's Jet 
Propulsion Laboratory [see page 14]. Refer 
to NPO-17351. 

This Truss Was Tested by measuring its vibrations in different configurations of supports. Test data obtained from multiple configurations 
are more useful than are data from one configuration, in which the supports could mask important effects. 
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Books and Reports 
These reports, studies, handbooks are 
available from NASA as Technical 
Support Packages (TSP's) when a Re­
quest Card number Is cited; otherwise 
they are available from the National 
Technical Information Service. 

Chaotic Motion of a Two­
Link Planar Mechanism 
Even a simple dynamical 
system exhibits instability. 

A report discusses global instability in 
the orbital motion of a two-link planar 
mechanism. A principal objective of this 
and related studies is to contribute to the 
understanding of chaotic motions in robot 
manipulators and other deterministic me­
chanical systems. In this context, "cha­
otic" and "unstable" are not restricted to 
their customary meanings but are also 
used to characterize motions that are de­
terministic and may even remain finite but 
are unpredictable over long times. 

The discussion begins with a brief re­
view of previous studies of chaotic motion 
and introduces the notion of orbital instabil­
ity in nonlinear systems. The authors intro­
duce a geometric approach that is useful 
in the representation of orbital instability. 
If the equations of a conservative, friction­
less dynamical system can be put in the 
form of the equations of a point mass mov­
ing on a smooth nonplanar surface in the 
absence of external forces, then, anal­
ogously to the motion of the point mass, the 
evolution of the system can be represent­
ed as a motion along a geodesic line on the 
surface. 

A measure of the chaos in the motion is 
provided by the distance d(t) between two 
systems that started moving on two ge0-
desics a small distance do apart at t = 0 
(where t = time or other parameter that 
characterizes the motion along the trajec­
tory). From differential geometry 

d(t) = do exp(tV-G) 
where G = the Gaussian curvature. Thus, 
if the curvature is negative, the separation 
increases exponentially with time; I.e., the 
system is unstable or chaotic. If the cur­
vature is positive, the separation oscillates, 
bounded by its initial value. (This is a neces­
sary but not a sufficient condition for stabili­
ty.) 

The geometric approach is applicable to 
the two-link planar mechanism. The kinetic 
energy, E, of this system is given by the 
nonlinear equation 

E = all~ + a'2(f,.f2) ;l2 + a22;~ 
where all and a22 are moments of inertia; 
a 12 is a coordinatEHJependent product of 
inertia; fl and f2 are the angles between the 
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first and second links, respectively, and an 
inertial coordinate axis; and the overdots 
represent derivatives with respect to time. 
This equation is equivalent to that of a point 
mass moving on a two-dimensional sur­
face characterized by coordinates fl' f2 
and a curvature G that can be calculated 
as a function o~ f, and f2-

It tums out that the sign of G depends 
only on COfi..f2 - f1). Therefore, the system 
is orbitally stable in some regions of the f" 
f2p1ane but not in others. In particular, fold­
ed-arm configurations tend to be orbitally 
unstable (as one might expect intuitively), 
while extended-arm configurations tend to 
be orbitally stable. Furthermore, the orbit 
of the system can pass through both stable 
and unstable regions. 

Because the instability causes the arms 
to unfold eventually, it is apparent that no 
trajectory can remain in the unstable re­
gion indefinitely. Though it is not obvious 
whether one can find a trajectory that re­
mains in the stable region, the authors may 
have found one. In one of their numerical 
simulations of this system, the arms were 
stretched out at the start and continued to 
rotate around the origin almost as a single 
rigid rod. 

This -work was done by Anatoly Lokshin 
and Michail A. Zak of Caltech for NASA's 
Jet Propulsion Laboratory. To obtain a 
copy of the report, "Chaotic Motion in 
Robot Manipulators," Orele 39 on the TSP 
Request card. 
NPO-17387 

Vibrating Beam With 
Spatially Periodic Stiffness 
Vibrational modes are 
analyzed via a 
perturbation expansion. 

A report presents a theoretical analysis 
of the vibrations of a simply supported 
beam, the bending stiffness of which varies 
about a steady value, sinusoidally with 
position along its length. This is a problem 
of practical importance because it is re­
lated to the vibrations of twisted-pair elec­
tric-power transmission lines. The twists 
are meant to promote the nonuniform 
shedding of vortexes and to prevent the 
resonant accumulation of vibrational ener­
gy from wind. 

The beam is assumed to be long in c0m­
parison with its width and thickness, to have 
negligible rotary inertia about its centerline, 
and to undergo negligible dynamic shear 
distortions. Hooke's law is assumed to hold. 
The equation of motion for vibrations of the 
beam is written in the norrnal-mode form. 
The equation is put in a dimensionless form 
in which the sinusoidal variation of stiffness 

is represented as a fraction, £, of the steady 
value. 

The exact equation is a nonlinear fourth­
order differential equation with variable c0-

efficients. Because an exact analytic solu­
tion in closed form is not available, the 
author solves the equation approximately 
in closed form by expressing the eigen­
functions and eigenvalues as perturbation 
expansions to first or second order in f.. 

The perturbation solutions are charac­
terized in terms of the ratio Pin, where Pis 
the number of half periods of the stiffness 
function in the length of the beam and n is 
the number of the vibration mode. These 
solutions exhibit two distinct ranges in 
which the effects of the perturbations are 
the strongest: Pin < 1 and Pin near 2. The 
results of the perturbation analysis are 
confirmed by a finit~lement numerical 
simulation and by measurements of vibra· 
tions in a twisted-pair cable. 

At Pin = 1, the maximum and minimum 
stiffnesses occur at the vibrational nodes 
in alternating sequence along the beam. 
An anomaly occurs at Pin = 2, when the 
lengths of the vibration loops match the 
period of the stiffness function, the nodes 
are at the points of maximum stiffness, and 
the antinodes are at the points of minimum 
stiffness. Furthermore, at the anomaly, the 
stiffnesses of the vibration loops vary most 
sharply with Pin , there is a jump in the 
natural frequency of vibration, and the per­
turbation solution loses some accuracy 
(though it is still adequate to describe the 
qualitative characteristics of the vibra­
tions). 

The changes in the shapes of the vibra­
tional modes with changes in Pin can be 
explained in terms of energy principles. Afr 
parently, there is a tendency toward mini­
mization of the elastic strain energy stored 
in the dynamic span via adjustment of the 
lengths of the vibrating loops until the same 
average bending stiffness exists across 
each loop. Equalization of loop stiffnesses 
may require the loops to have different 
length~ depending on the vibrational 
mode. Because longer loops have greater 
masses, the equal distribution of potential 
(and, therefore, kinetic) energy among the 
loops requires that longer loops vibrate at 
smaller amplitudes. 

This work was done by John S. Townsend 
of Marshall Space Right Center. Further 
information may be found in NASA TP-
2697 [N88-23988]. "Dynamic Olaracteris­
tics of a Vibrating Beam With Periodic Vari­
ation in Bending Stiffness." 

Copies may be purchased [prepayment 
required] from the National Technical In­
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487·4650. 
Rush orders may be placed for an extra fee 
by calling (BOO) 3364700. MFS·27202 

NASA Tech Briefs, August 1989 
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Large chamber capacity handles all your high tem­
perature needs. Space-saving cabinet combines 
both furnace and control. 

.11" W x 9" H x 14" D chamber 
• Safe, stable swing-away door 
• 16 segment programmable control 
• RS232 digital communications 
• Over-temperature protection 

Contact your local laboratory distributor or 
Lindberg / Blue M, 304 Hart Street, Watertown, WI 
53094. Phone 414-261-7000 • FAX 414-261-0925. 

LINDBERG/BLUE M 
A UNIT OF GENeRAL SIGNAL 

Kenosha County, situated between 
Chicago and Milwaukee, offers prime 
sites on the 1-94 Business Connection. 
Kenosha's central location taps into the 
nation's third largest economy - the 
Great Lakes region - with overnight 
access. 

• Prime sites in three major industrial p:arl:rk:s-----~ 
• A skilled labor force 
• Financial incentives 

• Abundant, low·cost electric and water 

• Fully-improved sites, as low as $14 ,000 per acre 

• Ideal location for manufacturing, warehousing or 
commercial ventures 

• State corporate taxes lower than Minnesota, Michigan, 
Indiana, California, or New York 

To /earn more about 
Kenosha, 

call or write: KENOSHA AREA 
DEVELOPMENT CORPORATION 

John Bechler, Director 
5455 Sheridan Road 
Kenosha, VVl53140 
(414) 654·2167· Fax (414) 654 ·1111 

Building Private/Public Partnerships 
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Greetings: 
For decades, Wisconsin built its reputation on its 

manufacturing prowess. Wisconsin still is a leading 
manufacturing state; in fact, in the last two years, 
Wisconsin manufacturers created one out of every 
ten new jobs generated in the entire country. 

But Wisconsin is also emerging as a technological 
leader in such fields as space science, computers, 
automation, biotechnology, and medical technology, 
as the following sections will illustrate, We are home 
to numerous world-class companies such as Allen­
Bradley in industrial automation, Gray Research in 
supercomputers, and GE Medical Systems in 
diagnostic imaging devices, And the number is 
growing! 

Wisconsin 's infrastructure supports the state 's 
technological leadership. We have one of the best· 
educated and highly motivated work forces in the 
U.S.; our students' scores are among the highest in 
the nation in college entrance exams, 

The University of Wisconsin System, with its 11 
four-year universities, is one of the largest and most 
honored public university systems in the country. The 
system ranks third in the nation among all univer­
sities and first among public universities in total 
funding for research and development. 

The Wisconsin Genter for Manufacturing and Pro· 
ductivity, established in 1977, brings the resources of 
the state's seven engineering colleges to serve client 
corporations with research assistance and technology 
transfer. 

For more information about a business environ­
ment in which technology prospers, call Forward 
Wisconsin at (414) 223-3999 (outside Wisconsin), or 
the Department of Development (in-state) at (608) 
266-1018. 

~/4 
Tommy G. Thompson 
Governor 





U'I(-UedIHn sc/enll.t. co"ce~~ th_ • 
IdNofmlnlnll . the moon. 

From Vitamins To The First Eye In the Sky: 
Space Science 

Over the course of its 140-year 
history, the University of Wiscon­
sin has forged an international 

reputation as a center of learning, 
discovery, and innovation. UW­
Madison research has brought the 
world vitamins, photoelectric 
astronomy, the eradication of in­
fantile rickets, hybrid corn , bone 
marrow transplants, the world's 
first orbiting observatory, digital 
subtraction angiography, and syn­
thetic genes. 

In the space sciences and 
astronomy, UW-Madison has few 
peers. NASA alone spends almost 
$9 million annually to support 
Wisconsin research , and sustains 
projects ranging from studies of 
the effects of microgravity on liv­
ing creatures to the development 
of a global interactive computer 
network to instantly track world 
precipitation. 

. ~ The university houses the 
.~ Wisconsin Center for Space 
g Automation and Robotics 
(; (WCSAR), one of NASA's Centers 
j for the Commercial Development 
8 of Space. WCSAR features three 
g thrusts: astrobotics, astroculture, 
-g and astrofuel. 
~ Astrobotics is geared to the 
=> 
~ Researchers from the Wisconsin Center 
§ for Space Automat/on and Robotics plan 

to use robots In orbit and on the moon 
~ for plant growth and harvesting. 
Cl. 

creat ion of technologies that allow 
robots to perform routine and 
compl icated tasks in space. By 
developing modular, add-on 
systems to enhance dexterity, sen­
sory perception , performance, and 
telepresence in robots, humans 
will be able to safely extend their 
reach beyond the confines of 
spacecraft or space stations. 

Astroculture focuses on the 
development of automated plant 
growth facilities for space. These 
" galactic gardens" promise to 
enhance life in space by providing 
a plentiful source of oxygen and 
food, and by removing carbon 
dioxide from the air and purifying 
water for long-duration space 
flights and permanently manned 
space stations . 

The third research thrust , 
astrofuel , aims to design and 
develop equipment to mine the 
moon for helium-3, rare on Earth 
but abundant on the moon. Con­
servative estimates put the moon's 
helium-3 supply at one million 
metric tons. A spacecraft the size 
of the shuttle could bring back a 
liquified load of 20 tons, enough 
helium-3 to power the United 
States for a year. 

Helium-3 would be the best 
possible fuel for nuclear fusion 



reactors because it would produce 
far less radiation than other poten­
tial fuels, said Gerald R. Kulcinski , 
a UW-Madison professor of nuclear 
engineering and the director of the 
astrofuel project. 

The roots of space-based 
astronomy - the placing of 
telescopes and other astronomical 
instruments above the haze of the 
Earth 's atmosphere - lie in UW­
Madison's Space Astronomy 
Laboratory. When the rocket­
powered X-15, considered to be 
the first true spacecraft , coursed 
above the atmosphere to begin the 
U.S. push into space, it carried 
with it four UW-Madison-built 
ultraviolet photometers. 

UW-Madison astronomers next 
developed a payload of seven 
telescopes which were placed in 
Earth orbit in 1968 aboard the 
world's first space observatory, the 
Orbiting Astronomical Observatory 
(OAO), which resulted in the 
discovery of the hydrogen 
envelopes that surround comets 
and provided the first real 
evidence that stars are still being 
born throughout the galaxies. 

The evolution of space 

the development of powerful com­
puting and imaging tools for 
meteorologists and space 
scientists. 

Among SSEC planetary in­
struments is the Net Flux 
Radiometer, now aboard the 
Galileo planetary probe awaiting 
an October launch to Jupiter. After 
a six year voyage with its compan­
ion orbiter, the probe will descend 
below Jupiter's cloud tops and 
make the first direct measure­
ments of the planet's atmosphere. 
The Net Flux Radiometer will 
measure solar and thermal energy 
fluxes which drive atmospheric 
motions on Jupiter. 

Although putting hardware in 
space is the prime mission of 
SSEC, it is also a world center for 
the development of interactive 
computing systems capable of 
processing, organizing and display­
ing satellite images and other 
weather data in real time. 

MclDAS, or Man Computer In­
teractive Data Access System, is 
the gold standard for such 
systems. Conceived and developed 
at SSEC, MclDAS uses three- and 
four-dimensional computer 

systems that could disrupt their 
package delivery system, Federal 
Express in 1986 became one of 
the first commercial users of 
McIDAS. With MclDAS, Federal Ex­
press meteorologists can quickly 
alert pilots to changes in the 
weather that may affect flight 
operations. 

In one example, a Federal Ex­
press flight to Salt Lake City had 
been deflected to Boise, Idi'iho, 
because of fog . Using MclDAS, 
company meteorologists noticed 
on a satellite image a downslope 
wind that was clearing the Salt 
Lake airport of fog. The plane was 
quickly rerouted , a trucking ex­
pedition to relieve the stranded jet 
of its cargo was cancelled, and the 
aircraft landed back at Salt Lake 
City within minutes of a predicted 
windshift that refogged the airport. 

The imaging side of MclDAS is 
finding application at Madison­
based Colorgraphics as a high­
tech paintbrush for commercial 
and video artists. Computer hard­
ware and software spawned from 
the MclDAS testbed underlie Col ­
orgraphics' Artstar 3D Plus. "That 
machine is to commercial artists 

An Inside Look at Wisconsin Science and Technology 
astronomy continues at UW­
Madison today as scientists 
prepare instruments to be 
launched aboard the giant Hubble 
Space Telescope (HST). Wisconsin 
astronomers built one of HST's 
five scientific instruments and 
helped in the development of two 
others. UW-Madison is the only 
university to have contractor 
status for an HST instrument, the 
High-Speed Photometer. 

The photometer will act as a 
sophisticated light meter to 
measure the quick changes in a 
star's brightness, which could help 
astronomers locate black holes, 
objects so massive and compact 
that even light cannot escape their 
gravitational pull. The instrument 
may detect the variability of light 
produced by blobs of material as 
they make their last few orbits 
around the hole before being 
sucked in . 

Much of the spaceflight hard­
ware built on the UW-Madison 
campus emanates from the Space 
Science and Engineering Center 
(SSEC). Founded in 1965 by Verner 
Suomi , the pioneering scientist 
and meteorologist, SSEC 
specializes in studies of the 
planetary atmospheres, the con­
struction of satellite hardware, and 
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displays to home in on and pro­
vide a satellite 's eye view of 
everything from severe storms to 
exploding volcanoes as they oc­
cur. With MclDAS, meteorologists 
can analyze the weather at varying 
scales - 10 to 100 miles - every 
minute. 

The computerized weather 
system is used by the National 
Hurricane Center, the Air Force 
Geophysics Laboratory, the Na­
tional Weather Service at its Cen­
tralized Storm Information Center 
in Kansas City, the Australian 
Bureau of Meteorology, and by 
NASA's Johnson Space Center to 
support s tHJ t tie flights. 

To keep a close eye on weather 

what the word processor is to 
writers," said Richard Daly, a Col­
orgraphics founder and former 
SSEC staffer. 

Its principal applications, Daly 
said , lie in news and weather 
graphics, computer animation , and 
advertiSing . Colorgraphics 
customers include television sta­
tions in virtually every major 
market in the United States and an 
increasing number of foreign 
companies. 

Scientists at the Astronautics Advanced 
Technology Center near Madison are 
working on a variety of space transpor­
tation and life-support systems, In­
c luding this tactile spacesuit glove for 
astronauts. 



Wisconsin Research May Mean Longer Life For Industrial Tools 
John Conrad and his colleagues are helping in­

dustry to get more punch from their punches. 
Conrad , a University of Wisconsin-Madison pro­

fessor of nuclear engineering and engineering phys­
ics, is researching ways to improve ion implanta­
tion , a technique that has been used for more than 
a decade to increase the life of surgical equipment, 
industrial tools, plastics, and ceramics. The process 
involves implanting a target , such as a steel punch 
or drill bit , with a thin layer of ions of a different 
substance, such as nitrogen. Ions are atoms with 
the electrons stripped off, leaving just the electri­
cally charged nuclei. 

Ion implantation may mean a tool such as a 
punch will last 80 times longer, Conrad said . Also, 
the cost of punches to produce 100,000 holes in a 
manufacturing process could drop from more than 

.. ~ University 
~I. Research Park 
~~ University of Wisconsin- Madison 

Innovation 

$1000 to under $40. 
The conventional ion implantation method re­

quires complicated equ ipment to scan the beam 
across targets and wastes many of the ion particles. 
In Conrad 's technique, called Plasma Source Ion 
Implantation, or PSII , the target is placed directly 
into a vacuum chamber. The chamber is then filled 
with plasma ions, and pulsed high voltage is applied 
to the target to attract ions to it. 

The simplicity and economy of PSII means cor­
porations now forced to send materials away for ion 
implantation may be able to treat materials in­
house. It also allows ion implantation of a variety 
of large, small , and odd-shaped industrial tools that 
cannot be economically implanted by conventional 
methods. Field tests of the new process are being 
run at several Wisconsin companies. 0 

Computers 

is BIG News ... 

In 1972, Seymour Cray left Con­
trol Data Corp. - a company he 
helped establish 15 years earlier­
and moved to his hometown of 
Chippewa Falls, in northwestern 
Wisconsin . There he started 
another company that would build 
supercomputers. He called it Cray 
Research Corp. 

Seventeen years later, Cray 
supercomputers have revolution­
ized science and engineering while 
making the United States the 

but it starts small 
We're recognized worldwide as offer­

ing an environment for business growth 
that fits each stage of a business's 
development: 

• Access to the largest public research 
institution in the United States, the 
University of Wisconsin-Madison. 

• Madison Gas and Electric's 
Innovation Center, committed to 
creating and developing tomorrow's 
businesses, today. 

• The University Science Center-seven affordable, flexible-use 
buildings designed to meet the most demanding office, laboratory 
or assembly needs. 

Call for complete information today. (608) 262-3677 
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world leader in a new billion-dollar 
industry. 

Today, Cray Research is a For­
tune 500 company with 5200 
employees worldwide ; 1988 sales 
were $756 million. Cray Research 
has designed , built and installed 
240 of its systems, which 
represents approximately two­
thirds of the world total. 

Cray now has 15 complexes in 
Chippewa Falls, including a newly 
added machine shop and printed 
circuit board facility. In addition to 
building the supercomputers, Cray 
employees in Wisconsin produce 
circuit boards for the CRAY Y-MP 
and the CRAY-3 prototype. The 
Y-MP system , introduced in 1988, 
is regarded as the most powerful 
general-purpose computer 
available. 

Cray Research continues to 
push the leading edge of 
technology in both hardware and 
software. Last year it introduced a 
new feature of its Fortran compiler 
called autotasking, which lets Cray 
users reap the benefits of parallel 
processing - the simultaneous 
application of two or more central 
processing units to a single prob­
lem. On a four-processor system, 
autotasking can result in perfor­
mance improvements of up to 3.9 
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times that of single-processor ex­
ecution . On an eight-processor 
system, performance improves up 
to 7.8 times. 

Steven Chen, a Cray Research 
alumnus, is heading a team of 
scient ists and engineers who are 
designing a competing supercom­
puter with a parallel processor 
design. Chen 's company, Super­
computer Systems Inc., has re­
ceived substantial funding from 
IBM Corp. The first product rollout 
is not scheduled for several years. 

In southern Wisconsin , 
Astronautics Corp_ of America 
entered the mini-supercomputer 
market last year when it intro­
duced the lS-1 , a high-speed, 
64-bit central processor system for 
general scientific and engineering 
applications. Thus far, 
Astronautics has installed four of 
the systems - at the University of 
Wisconsin , the University of 
Michigan, New York University, 
and NASA's John C. Stennis 
Space Center in Mississippi. 

Astronautics also designs and 
builds CRT displays and control 
consoles, flight instruments, 
guidance and navigation systems, 
computer systems and com­
munications terminals, high­
resolution monitors, and tank 

Automation 
Robots are rapidly becoming a 

fixture in many American in­
dustries as more companies turn 
to automation. An estimated 
35,000 robots are at work in U.S. 
factories, performing such tasks 
as painting, welding and handling 
hazardous materials - all with 
tireless precision_ 

One of the leading players in 
this field is ABS Robotics, a 
Swedish company with U.S. head­
quarters in the Milwaukee suburb 
of New Berlin . The company is 
ranked number one in the world, 
with more than 16,000 units in­
stalled worldwide, or more than 
twice as many as its nearest com­
petitor. Since it entered the U.S. 
market a decade ago, ABS has in­
stalled nearly 3000 robots in this 
country. American orders last year 
reached $45 million, representing 
300 units. 

In 1974, ABB developed the 
world 's first all-electric robot , the 
IRB 6, at a time when everyone 
else in the business was building 
only hydraulic robots. New this 
year is a family of gantry robots 
and an electric painting robot 
(most painting robots are still 
hydraulic, not electric). Another re-

weapon fire-control systems. 
At its Advanced Technology 

Center near Madison, Astronaut ics 
is developing a variety of space 
transportat ion, robotics, and life­
support systems. The company is 
working with other industries, 
universities, and government in­
stitutions on solutions to weather, 
space, agricultural , and industrial 
problems. 

Elsewhere in Madison, Heurikon 
Corp. designs and manufactures 
microcomputer boards and 
systems for such applications as 
medical and scient ific image pro­
cessing, flight simulation , 
automatic testing systems, 
securities trading , and gateway 
controls for computer 
communications. 

Heurikon 's image-processing 
equipment helped locate the 
sunken Titanic off the New­
foundland coast in 1985, and its 
processors currently are helping 
the National Archives in 
Washington , D.C., to record its 
hold ings. 

In the early 1980s, Heurikon 
moved into developing micro­
computer boards for original 
equipment manufacturers when it 
introduced a line of 8-bit Multibus 
boards. Subsequently it brought 

cent advance is the LaserTrak, 
which can instantly define the 
position , shape, and gap of a 
welding seam in three dimensions. 
The data is then transmitted from 
the on-board LaserTrak computer 
to the welding equipment to 
assure welding precision, thereby 
eliminating the need for an addi­
tional robot axis. 

Recently, ABB and Deneb 
Robotics of Troy, MI, jointly 
developed a 3D graphics-based 
robot simulation and off-line pro­
gramming software package. The 
software works with the entire 
ASB product line and can use vir­
tually all commercially available 
CAD data to reduce simulation 
programming. The package would 
enable an auto maker, for example, 
to simulate a robot installing a 
windshield and see the results on 
a computer screen. 

ABB has also entered into an 
agreement with Ford Motor Co. to 
design, engineer, and install a 
system for fixed glass automation 
in light truck assembly. 

The corporate mission of Gilman 
Engineering & Manufacturing of 
Janesville, in south-central 
Wisconsin, is making automatic 
assembly systems - integrated 
systems that let industrial 

out its 16-bit and 32-bit VME, as 
well as Mult ibus 1 and 2 
microcomputers incorporat ing the 
powerful Motorola 68000 family of 
microprocessors based on ch ip ar­
chitecture. Continu ing to press for 
higher performance, Heurikon 
recently announced real-t ime RISC 
products incorporating state-of­
the-art processors from Intel and 
Nat ional Semiconductor. 

Heurikon has been ranked six 
times among Inc. Magazine 's list 
of the top 500 fastest-growing 
privately-held U.S. companies. The 
company projects sales of more 
than $20 million this year. 

Among producers of digital com­
puters worldwide, no one can top 
the output of the Milwaukee opera­
tions of Delco Electronics Corp., 
based in suburban Oak Creek. It 
produces 20,000 computers a day 
for General Motors vehicles. 

Delco also builds inertial naviga­
tion systems for military and com­
mercial aircraft at the sprawling 
complex south of Milwaukee's 
Mitchell International Airport , 
which it shares with AC 
Rochester, a manufacturer of 
catalytic converters. 

customers piece together products 
automatically. 

Gilman, which started in 
Janesville in 1936, pioneered the 
assembly machine business, 
building its first system in the ear­
ly 1950s. At the time, the company 
was owned by Parker Pen, and one 
of its first assembly machines was 
designed to put caps on ballpoint 
pen.s. 

Gilman can tackle a variety of 
production challenges to help 
manufacturers assemble their pro­
ducts more effiCiently using 
human hands, robots, or 
automated operating stations - or 
a combination of the three. 

This engineer uses expert system soft­
ware developed by Milwaukee-based 
Eaton Corp. to monitor, evaluate, and 
calibrate the operation of a plastIcs 
molding machine In real time. 



Cost Effective 
Contract Manufacturing 

The View From Here 
An Open Letter from Roger R. Mayer, President, MANU -TRONICS, Inc. 

Dear Manufacturer: 

I believe that if you think about full service contract 
electronic manufacturing like MANU -TRONICS, Inc. offers, 
then you know that cost effectiveness is the bottom line. 

I believe that cost effectiveness depends on employee 
involvement, and that starts with me. When you think of 
MANU -TRONICS, I want you to know what type of 
CEO lam. 

My style of management is based simply on "old 
fashioned work ethics." I just enjoy work. Every new 
order - no matter how small or large - gives me an 
exciting high. 

My pride in America is very strong. I believe in full 
out competition, and may the best products win. Protec­
tionism is a sin. I know we can compete successfully. 
That's why I have invested 2 Ih million dollars in a new 
74,000 sq. ft. production facility. 

We have designed in 3,000 sq. ft. for ongoing training 
and motivational programs. We emphasize quality. We 
have found what I believe our customers most respect. 
It's a very high energy level. It's this feeling we're 

creating - "mystique," "ambiance," "camaraderie," 
"team spirit." Call it whatever you want. Once you've 
put it together it's terrific! 

And cost effective? You bet! Touring our new facility 
customers are always impressed with the rapid pace, the 
optimism of manner, the quickstepping tempo, outspoken 
and interactive employees, and a contagious sense of 
enthusiasm. 

I believe that we are right in emphasizing cost 
effectiveness, quality, and personal growth. The result is 
a team of superior performers with the drive, the vision, 
and the sense of urgency to be your first choice. 

Judge for yourself. Call me now. Toll free 
1-800-451-6661 outside Wisconsin, or 1-414-947-7700 
within Wisconsin. We can discuss arranging a convenient 
time for you to inspect our new facility. 

Yours truly, ? 
Roger R. Mayer 
President 

DESIGN MANUFACTURING TESTING 
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Phone for FREE 
4·Color Brochure 

Within Wisconsin: 
1·414·947·nOO 

Outside Wisconsin : 
1·800·451·6661 



INTROL 
CROSS 

DEVELOPMENT 
SYSTEMS 
SAVE Development 

and Debugging Time 
of Embedded 

Microprocessor Systems! 

• INTROL-C Cross-Compilers 
• INTROL-Modula-2 Cross­

Compilers 
• INTROL Relocating Macro 

Cross-Assemblers 

COMPILER PACKAGES INCLUDE: 
Compiler' Assembler· Linker 
• Runtime library, including 
a multi-tasking executive· 
Support utilities· Full year's 
maintenance 

TARGETS SUPPORTED: 
6301/03.6801/03.6809. 
68HC11 • 68000/08/10/12· 
68020/030/881/851 ·32000/ 
32/81/82 

AVAILABLE FOR FOLLOWING 
HOSTS: VAA and MicroVAA; 
Apollo; SUN; Hewlett-Packard; 
Macintosh; Gould Power­
Node; IBM-PC, XT, AT, and 
compatibles 

I~ROLCRO~DEVELOPME~ 
SYSTEMS are proven, accepted 
and will save you time, money, 
and effort with your develop­
ment. All I~ROL products are 
backed by full, 
meaningful, A 
technical support. !=;:;V§ ==I 
CALL or WRITE NAOI. 
for facts NOW! ... 

INTROL 
CORPORATION 

647 W. Virginia st. 
Milwaukee, WI 53204 

414/276-2937 FP0<:414/276-7026 
Quality Software Since 1979 

More than 1000 Gilman systems 
are operating in a variety of 
manufacturing plants around the 
world, including the Soviet Union, 
where Gilman shipped a system 
that makes flywheels for 
automobiles out of raw bar stock 
for a company called Stankoim­
port. The system is operating in 
the Soviet city of Ufa, in the 
foothills of the Ural Mountains. 

Gilman sell s predominantly to 
Fortune 500 customers - in­
cluding General Motors, Ford, 
General Electric, Whirlpool , 
Bendix, and Caterpillar. A Gilman 
system, for example, put together 
the milling and drilling equipment 
that helped assemble the body of 
the Pont iac Fiero. Besides the 
automotive market - a major 
customer - Gilman systems are 
used to assemble such products 
as automatic dishwashers, 
telephones, and instruments and 
dashboards for automobiles. 

Inside the world headquarters of 
Allen-Bradley Co. near downtown 
Milwaukee is a factory which has 
been called " the world 's most ad­
vanced assembly line." 

Here, visitors to the Bud 
Whitney World Contactor 
Automated Assembly Facility 
watch in amazement as relays and 
contactors are made at the rate of 
600 units an hour in more than 
1000 variations - and in lot sizes 
as small as one. 

What they don 't see are many 
human operators. Only about a 
dozen workers are needed to keep 
the computer integrated manufac­
turing (CIM) operation humming. A 
series of lights or alarms Signals 
attendants when there 's trouble on 
the line. A blue light means a 
parts feeder is running low on sup­
plies, yellow indicates a parts jam, 
and red is for a machine 
malfunction. 

It 's a virtually zero-defect opera-

• Circle Reader Action No. 643 

Many of the ali-electric robot systems 
produced by ASS Robotics can be adapt­
ed for welding or a wide range of flexl­
.ble automation appllcatlons_ 

tion inside this 45,000-square-foot, 
$15-million factory-with in-a-factory. 
At some 3500 pOints on the line, 
production is monitored via 
automatic inspection. 

Visitors watch as orders sent 
the previous day to Allen­
Bradley 's mainframe computer are 
processed in the CIM facility con­
trol room. Orders are translated in­
to specific production language, 
then transmitted to a program­
mable logic controller (PLC). 
Finally, the PLC controller com­
municates with 26 smaller con­
trollers on the hardwood factory 
floor via two Allen-Bradley Data 
Highways. 

A strong competitor for the 
growing factory automation market 
is the Automation Products Divi­
sion of Square D Company, head­
quartered in Milwaukee. 

In addition to programmable 
controllers, the business unit pro­
vides welder controls that work 
with robots, press controls for 
metal stamping operations, and 
cell controllers - industrial com­
puters that control an entire pro­
duction process or network of 
machines on the factory floor. 

Square D automation products 
help a variety of industries boost 
productivity. For example, they aid 
a New England baking company in 
producing one million English muf­
fins and hamburger buns of 
uniform quality every day for 
McDonald 's restaurants in the 
region. They let a Louisiana oil 
company monitor offshore drilling 
35 miles away. And they make 
sure an Iowa rubber manufac­
turer's " recipe" is cooking at the 
proper heat from the first batch 
onward. 



'Le ary 
that really w.orhs for 

your bllSlne.fS. 

"Most communities talk enthusiastically about 
economic development, but Milwaukee i 
ucce sfully doing something about it. In 1988, 

this area ranked third in the nation in manufac­
turing job gained. And our diverse economy 
al 0 ranked high in total job creation. 

"As Mayor, I'm proud of what people are ac­
complishing here. We've forged unique and 
productive partnership between government, 

ducation and industry. 'A.Te've created a 
metropolitan environment that's driven by a 
realistic commitment to progress. As a result, 

ity of Milwaukee, Department 
of City Development, Economic 
Development Division. 

companies are relocating here, opening new 
branch offices here, and expanding their oper­
ations here. We're serious about working with 
businesses to help them succeed, and it shows. 

"I invite you to discover how well Milwaukee 
really works. I'm sure you'll find it interesting, 
perhaps even surprising. And you might well 
discover a new busine opportunity." 

?)LtJ~ 
\../ L/ I 

John O. orquist 
Mayor 

Telephone (414) 223-5840 
Toll Free (800) 792-3504, Ext 495 
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Biotechnology 
Biotechnology is generally de­

fined as the use of living 
organisms to make commercial 
products. Wisconsin's food 
manufacturers have traditionally 
used biotechnology to produce 
foods such as yogurt, soy sauce, 
and beer by harnessing 
microorganisms such as yeast and 
bacteria. Recent advances in 
genetics and cell biology, however, 
have resulted in the development 
of powerful new tools and 
methods, collectively known as 
the new biotechnology, that have 
significantly broadened our 
capabilities to develop and im­
prove products and processes. 

One Wisconsin company that 
has made the transition from the 
old to the new biotechnology is 
Bio-Technical Resources (BTR). 
Founded in 1962, BTR grew out of 
a brewing and malting laboratory. 
Having long been experts in 
developing microbial processes for 
brewing and fermentation , BTR 
scientists are now adapting their 
knowledge to devise a cheaper 
and more efficient method for pro­
ducing a chemical compound 
important to the aerospace in­
dustry - meta-hydroxy phenyl­
acetylene. This compound is a key 
intermediate in the production of 
acetylene-terminated (AT) resins, 
which are considered the leading 
candidate materials for advanced 
aerospace structural composites 
and adhesives . 

AT resins offer good thermoox-

An Agracetus researcher hand· 
pollinates soybeans as part of a 
project to develop hybrid soybean 
plants. 

idative stability, mechanical pro­
perties, and processability, as well 
as low moisture pick-up. They 
may, for example, replace steel as 
a structural component in 
airplanes and have the added 
defense-related benefit of helping 
to make jet fighters "invisible" to 
radar detection. The resins' 
temperature-resistant quality might 
also prove useful in making com­
puter circuit boards that tend to 
get hot. 

Perhaps the greatest impact of 
the new biotechnology will be in 
agriculture, and Middleton 's 
agricultural biotech firm , 
Agracetus, is leading the way in 
bringing genetically engineered 
crops closer to the marketplace. 
Agracetus was the first in the U.S. 
to conduct a field test of a 
genetically engineered plant. Last 
summer it tied Monsanto in pro­
ducing the first genetically 
engineered soybeans. And in April 
of this year, Agracetus began the 
world 's first field test of cotton 
plants that are genetically 
modified to resist insect attack. 

Part of their success is due to 
the development of an innovative 
technology, called electric 
discharge particle acceleration , 
that gives scientists a more effi­
cient way to introduce for.eign 
genes into plant cells . The " parti­
cle gun" method fires DNA-coated 
gold particles directly into the 
meristem of the soybean embryo 
(the part of the seed that normally 
develops into a plant). By allowing 
the "transformed" cells to grow 
directly into plants, the method 
bypasses the tissue culture step 
required in other plant transforma­
tion systems. This in turn reduces 
product development time by up 

to 2.5 years and decreases the in­
cidence of mutation that is fre­
quently introduced during tissue 
culture. More importantly, it ex­
tends scientists ' capabilities by 
transforming important crops that 
were previously not amenable to 
tissue culture. 

What is the sign ificance of 
these events? Consider that U.S. 
cotton growers spend $150-200 
million annually to control damag­
ing caterpillar infestation with 
chemical insecticides. Also con­
sider the environmental and health 
hazards that a farmer is exposed 
to during the course of the multi­
ple chemical sprayings that are 
necessary to control these pests. 
As chemicals are coming under 
close public scrutiny, alternatives 
such as those provided by 
biotechnology are greatly needed. 
For example, by adding the gene 
from a common soil bacterium in­
to the chromosome of a commer­
cial cotton variety, Agracetus 
scientists have engineered a plant 
to produce a protein that kills 
caterpillars. The bacterium is 
harmless to other insects, man, 
and animals, and has been widely 
used in biological pest control 
since the early 1960s. 

Biotechnology is also creating 
new opportunities in the computer 
software business - opportunities 
that the Genetics Computer Group 
(GCG) is taking full advantage of. 
The genetic code is made up of 
four nucleic acid bases, where 
each gene is composed of hun­
dreds of these bases in a unique 
sequence. The business of 
understanding and manipulating 
genes requires that the gene's se· 
quence of nucleic acids is known 
and can be compared to other 
known sequences. 

GCG distributes a software 
package that includes over 100 
programs and utilities for the 
analysis of DNA and protein se­
quences. Five sequence databases 
are also distributed with the soft­
ware, which is used by over 12,000 
scientists at hospitals, univer­
sities, and government research 
facilities in 27 countries. 

Currently, there are approximate­
ly 30,000 DNA sequences and 9000 
protein sequences in the database. 
It is estimated that these numbers 
are doubling every year. In addi­
tion, the Department of Energy 
and the National Institutes of 
Health will be coordinating a ma­
jor effort to sequence the entire 
human genome. Software such as 
the GCG Package will figure prom­
inently in completing this task and 
analyzing the data. 



Medical Technology 
Waukesha-based General Elec­

tric (GE) Medical Systems is the 
only American manufacturer that 
still builds and sells all five of the 
so-called diagnostic imaging 
modalities - x-ray, CT (com­
puterized tomography) scanners, 
ultrasound, nuclear medicine, and 
MR - or magnetic resonance -
scanners. 

GE leads the world market in 
MR technology. Images produced 
by MR are exquisitely detailed. 
Unlike x-ray or CT scanners, which 
use ionizing radiation , MR scan­
ners employ a strong magnetic 
field and radio frequency signals 
to produce images of organs and 
soft tissue. GE has sold hundreds 
of its Signa MR models. 

A Signa system, which can cost 
more than $2 million, is noted for 
the high magnetic-field strength of 
its superconduct ing magnet. Last 
year, GE also introduced a mid­
strength, lower priced model , the 
MR Max, which it produces 
through a joint venture with 
Yokogawa Medical Systems in 
Tokyo. 

Metritlow, a small Milwaukee en­
trepreneurial company, is using 
magnetic resonance imaging to 
build dedicated MR scanners that 
measure blood flow in patients' 
arms and legs. Just as the arteries 
that carry blood from the heart can 
become blocked , so can blood 
vessels in the limbs. If flow cannot 
be restored, the tissue dies and 
the limb must be amputated. 

As with heart disease, vascular 
surgeons sometimes treat a 
blockage of blood vessels in the 
legs with bypass surgery. But one 
of the more exciting and fast­
moving developments is a treat­
ment called laser angioplasty. 
Using an argon laser, the surgeon 
can insert a catheter precisely at 
the point of blockage and reopen 
the blood vessel. 

Before surgery, Metriflow's 

Metrlf/ow scanners use magnetic reso­
nance Imaging technology to measure 
patient blood flow before and after 
surgery. Photo courtesy Metrlflow tnc 

AFM-100 scanner can diagnose the 
problem and help determine the 
severity of circulatory impairment. 
After the laser procedure, it can 
measure the patient 's blood flow 
and quickly produce a printout 
that determines whether the pro­
cedure has worked . 

Last year Metriflow took a leap 
forward by developing software 
that makes a scan simpler and 
quicker for both patient and 
operator. After the patient is posi­
tioned on a table, a series of 
message prompts indicate where 
the table should be stopped and 

data acquired. Altogether, the 
system measures blood flow at six 
positions along the limb; no other 
equipment on the mark"et can 
measure blood flow volume on an 
ent ire limb. 

The entire scan takes just a few 
minutes. Afterwards, the system 
produces a printout of blood flow 
quantities at various points along 
the limb. Or, pre- and post­
operative studies can be combined 
on a single printout, which allows 
the physician to quickly measure 
flow improvement after the pro­
cedure. Before the new software 
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development, the same informa­
tion required two hours to gather 
and 24 pages to display. 

In Madison, Nicolet Il1strument 
Corp. has created BEAM (Brain 
Electrical Activity Mapping), which 

makes possible noninvasive in­
spection of the brain 's reaction to 
certain stimuli. Useful as a 
diagnostic tool in psychiatry, 
BEAM provides color images of 
the brain 's electrical activity and 

compares the patient's reactions 
to a ten-year database of bench­
mark reactions. The device assists 
in the diagnosis of such condi­
tions as dyslexia, epilepsy, and 
head trauma. 0 

Wisconsin's Technology 
Transfer Team 

Wisconsin has a wealth of resources for 
technology assistance available from organizations 
and educational institutions in the state. 

University Technology Transfer 
Offices 
Technology transfer offices serve as the starting 
point for businesses seeking access to university 
facilities and faculty expertise. These offices also 
sponsor special university-industry research pro­
grams, seminars, and consortia. 
• University-Industry Research Program (UIR), 

UW-Madlson - UIR provides industry referrals to 
faculty, sponsors briefings and seminars on cur­
rent industry-related research , and encourages 
formation of new university-industry consortia. 
Contact: Director, UI R 

(608) 263-2840 
• Office of Industrial Research and Technology 

Transfer, UW-Mllwaukee - The office serves 
businesses interested in collaborative research 
and development programs, technology transfer 
activities, and/or consulting agreements, and 

licenses patentable technology to qualified 
manufacturers for development and marketing. 
Contact: Irving D. Ross Jr. 

(414) 229-5000 
• Biotechnology Center, UW-Madlson - Can pro­

vide expertise or resources for genetic engineer­
ing, DNA sequencing, protein purification, tissue 
culture, embryo transplants, biopulping, and use 
of monoclonal antibodies. 
Contact: Richard R. Burgess, Director 

(608) 262-8606 
• Medical College of Wisconsin Research 

Foundation - Facilitates the commercial 
development of technology originating at the col­
lege. Technology development can take place 
through existing firms or through new business 
start-ups. 
Contact: Donald H. Westermann , 

Executive Vice President 
(414) 257-8219 

• Milwaukee School of Engineering - Applied 
Technology Center - The center aids companies 
by arranging faculty consulting, student intern­
ships, faculty summer employment, and referrals. 
Contact: Thomas Davis, Dean of Faculty 

(414) 277-7300 

Cover Photos 

Vacuum Pump Vibration Isolator Top: A University of Wisconsin­
Madison electrical and computer 
engineering graduate student (left) 
works with a technician at Silicon 
Sensors Inc., to Insert wafers Into a 
vacuum chamber for thln·fllm metal 
appllcatlon_ 

NEC 
Vlrbration 
Isolators effectively 
remove turbo-molecular and cryo pump vibrations. 
AvaIlable in elastomer and air-isolated versions, 
they are UHV compatible, have short insertion 
lengths and high conductance. A wide variety of 
flanges are available. 
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TRANSLAB, INC. 

I 
National Electrostatics 

Corporation 
Graber Road. Box 310 
Middleton, WI 53562 

"Iel. 6081831 ·7600' "Iele. 26-5430 
Fax 60812564103 

300 Wilson Ave., Menomonie, WI 54751 
715/235-1111 

Sub-Contracting 

... 
Z .. 

l 

• Models, Mock-Ups, Prototypes 
• Product/Process Development 
• Automation Systems 

4, ...... 0 New Product Development 
.. ..-fIr' Q'" • Products For License 

Circle Reader Action No. 668 

Middle: UW·Madlson graduate stu· 
dent uses the ESCA (electron spec· 
troscopy for chemical analysis) 
system to study polymer materials. 

Bottom: Model simulation of a 
storm showing a potential vorticity 
surface and trajectories over a 
topographical map. 

Background: Satellite Image of 
Wisconsin was processed digitally 
from data acquired by the Advanc· 
ed Very High Resolution 
Radiometer (AVHRR) onboard a 
research meteorological satellite 
operated by the National Oceanic 
and Atmospheric Administration. 

R&D 
PROTOTYPING 

PRODUCT DESIGN 
MANUFACTURING PROBLEMS 

IGNiTION SYSTEMS 
HIGH VOLTAGE 
ELECTRONICS 

PLASTICS 
Call Kentron Consultants for 

assistance in the above areas. 

Kentron, Inc. 
P.O. Box 142 

Cedarburg, WI 53012 
(414) 377·3733 
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• Wisconsin Center for Manufacturing and 
Productivity - WCMP is dedicated to fostering 
industry·university partnersh ips to help transfer 
the latest in manufacturing and engineering 
technology to business. 
Contact: Director 

Manufacturing Systems Engineering 
(608) 262·0921 

Patents and Product Licensing 
New products or processes .developed in Wisco.n· 
sin universities are usually licensed for production 
or application in the private secto.r th.rough 
specialized offices. Several organl.zatlo~s also pro· 
vide assistance in patenting and licensing 
technology that has been developed in the private 
sector. 

• Wisconsin Alumni Research Foundation (WARF), 
UW·Madlson - WARF handles patent and licens· 
ing services for UW·Madison inventors. Net in· 
come generated from these services provides 
part of an annual grant to support university 
research . 
Contact: John Pike, Managing Director 

(608) 263·2500 
• Research and Resources Inc. - A subsidiary of 

Medical College of Wisconsin formed to help 
develop new technologies originating outside 
MCW Research and Resources offers industry 
the u~e of equipment and information, evaluates 
new products, and assists in obtaining patent 
protection . 
Contact: Donald H. Westermann , 

Executive Vice President 
(414) 257·8219 

• Center for Innovation and Development­
Provides technical evaluation of inventions and 
new products. 
Contact: John Entorf, Director 

(715) 232·1252 
• Technology Transfer Program - Assists entre· 

preneurs and inventors with new business and 
product development, and links commercially 
viable new products with existing manufacturers. 
Contact: Randall Olson, Director 

(414) 472·1600 

Technology Development Funding 
Assistance 
The Department of Development has established 
two programs to assist companies in obtaining 
research funds: 

• S81ft Support Program - Th is program helps 
small technology·based firms in Wisconsin 
secure federal research contracts under the 
Small Business Innovation Research Program. 
The program sponsors conferences and 
workshops, provides editorial review services, 
and assists in identifying appropriate university 
resources to aid in proposal preparation. 
Contact: Caroline Garber, SBIR Director 

(608) 267·9383 
• Technology Development Fund - The fund pro· 

vides competitively awarded R&D grants to 
Wisconsin businesses. 
Contact: Philip Albert , 

Director of Development Finance 
(608) 266·2766 

THIN FILM COATINGS 
MRT specializes in the development and production 
of thin film coatings and provides custom deposi· 
tion services. 

Coatings that have been developed and are 
available include: 
• Electron·source cathode coatings 
• Solid lubricants 
• Reflectors 
• High temperature-stable coatings 
• Ceramic·to·metal interlayers 
• Bloactive coatings 
• Pyroelectric coatings 
• Coatings resistant to: 

Atomic oxygen degradation, particle erosion, 
cavitation erosion, abrasion 

A wide variety of base materials may be coated, in· 
cluding metal, ceramic, glass, and temperature­
sensitive plastic. Facilities are available for 
photolithography and prototype and production coating. 

Electron microscopic analysis & materials consultation 
are also available. 

We welcome the opportunity to discuss your 
application. 

_ Midwest (414) 527·2260 
Research FAX: (414) 527·2723 = Technologies, Inc. 

--- 5510 West Florist Avenue, 
Milwaukee, Wisconsin 53218 
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HIGH PERFORMANCE ROTARY CONTACTS 

THERMOCOUPLES, 
RTD's, L VDT's 

STRAIN GAUGES, 

1 to 100 contacts! 

Unlike conventional • Zero Electrical Noise 
slipring designs, the • Low And Stable Resistance 
unique ROTOCON • Compact Size 
Sealed Mercury Ro- • Zero Maintenance 
tary Contacts are low • Environmentally Sealed 
noise, low resistance, • Rugged And Reliable 
zero maintenance • Unaffected By Vibration 
links between sta- • Mount In Any Orientation 
tionary and rotating A variety of standard and custom 
components. '!" ROTOCON models are available 

'{oll ell to fit your mounting configuration , 
eefore rotation speed, and current re-

"1r'/ _ quirements (up to 2000 Amps!) . 
~ 

Call: 
800·234-4322 then dial 4721 , 
or 608·836·7571 (FAX 6011-1131-0300 TELEX 754381, 

meridian laboratory 
241~ Evergreen Road. P.O. Box 156. Middleton. WI 53562-0156 
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The perfect Environment 
For hTech 

And Par Is No Problem. 
Wisconsin is a state of natural beauty. And a 

state of mind, the perfect setting for collecting thoughts. 
Our intelligent blending of technology, education and 
responsive government adds up to the ideal environ­
ment for research and business development. 

From the supercomputers of Cray Research to 
the stellar performance of ORBITEC, ABB Robotics 
and Allen Bradley, Wisconsin companies are pushing 
the edge of today's high tech explosion. 

They're just a few of the companies who've taken 
advantage of Wisconsin's highly skilled labor force, low 
corporate taxes and utility rates, world class education 
system, joint univerSity/ industry research programs, 
and funding assistance for technology development. 

All the components you need for high tech suc­
cess. And all the picture-perfect places to enjoy it. 

For more information, call Forward Wisconsin 
or the Wisconsin Department of Development. 

\\1sconsin 
The Perfect Environment For Business. 

And Business People. 

:. 
~ ..,. Forward 

"Wisconsin 

Circle Reader Action No. 444 

Out of state- 4141223-3999 In state- 6081266-1018 
\'f1sconsin 

Department 01 f'Jre'Velopmen( 



MaChinery 
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Processes 77 Survey of Wind Tunnels at 
75 Transpiration and Langley Research Center 

Regenerative Cooling of 
Rocket Engine 

75 Three-Position Cryogenic 
Actuator 

Transpiration and Regenerative Cooling of Rocket Engine 
Transpiration cooling extends the limits of performance. ~J 

-------------------------------------~~ Marshall Space Flight Center, Alabama 
The addition of transpiration cooling to a 

regeneratively-cooled rocket-engine com­
bustion chamber has been proposed. This 
modification would improve the perform­
ance of the engine by allOWing the use of 
higher chamber pressure. The concept 
may also be applicable to advanced, high­
performance terrestrial engines or some 
kinds of industrial combustion chambers. 

Heretofore, a typical liquid-fueled rocket 
engine has used regenerative cooling, in 
which fuel or oxidant is pumped along 
channels in the wall of the combustion 
chamber. The pumped propellant absorbs 
heat from the wall, and the heat aids in the 
vaporization of the fluid upon subsequent 
injection into the chamber. AA attempt to 
improve performance by increasing pres­
sure in the chamber requires a higher cool­
ant-pump discharge pressure and a higher 
pressure drop in the coolant. The latter two 
effects impose a limit beyond which the 
engine cannot be regeneratively cooled 
with propellant and/or the power or other 
measure of overall performance of the 
engine cannot be increased. 

The combination of transpiration and re­
generative cooling should make it possible 
to exceed this limit. In the new cooling 
scheme (see figure), the chamber and noz­
zle sections of the wall of the combustion 
chamber would be cooled regeneratively 
while the throat section would be cooled by 
tianspiration. The fuel v'/ou!d diffuse into 
the chamber through small holes in the 
throat section of the wall from bypass 
channels that connect the chamber and 

~----------------------------------------------~ 

--+---Throat Sectlon-----t-

Regeneratlve-Cooling 
Channel 

Transpiration Flow 

The Throat Section of the combustion-chamber wall would be cooled by transpiration, while 
the chamber and nozzle sections would be cooled by fluid flowing in closed channels. 

nozzle sections. The transpiration and re­
generative flows can be apportioned with 
metering channels, manifolds, and com­
partments. The bypass of the coolant 
around the throat section (as opposed to 
pumping it through regenerative-cooling 
channels in the throat section) should re­
duce significantly the pressure drop in the 
coolant circuit, thereby reducing the re­
quired pumping power and discharge 
pressure. 

Transpiration cooling degrades the per­
formance of the engine somewhat by dis­
turbing the fuel/oxidant mixture. The mag­
nitude of this effect depends on the coolant 
fluid. However, the new cooling scheme 

should increase the net output power. A 
transpiration-cooled throat should be more 
reliable than a regeneratively cooled throat 
is when designed near its state-of-the-art 
limit. With proper design, the new cooling 
scheme should make it possible to achieve 
higher chamber pressure and higher over­
all performance in a smaller engine. 

This work was done by Charles J. 
O'Brien of Aerojet TechSystems Co. for 
Marshall Space Right Center. For fur­
ther information, Circle 154 on the TSP Re­
quest Card. 
MFS-28251 

Three-Position Cryogenic Actuator 
The position is selected by selecting the applied pressure. ~J 

-------------------------------------~~ Marshall Space Flight Center, Alabama 
A linear actuator is set at one of three 

positions by supplying gas to it at a suitable 
pressure. The actuator is designed for use 
as part of a relief valve in a system that 
stores liquid oxygen. 

NASA Tech Briefs, August 1989 

The actuator rod is connected to a small 
piston that slides inside a large piston. The 
large piston slides in the bore of a housing, 
supported at one end by a spring-ener­
gized two-piston-ring seal and at the other 

end by a split ring (see figure). A return 
spring pushes the rod away from the hous­
ing (to the right in the figure). 

When no pressure is applied to the pis­
tons through the supply port, the actuator 
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rod remains at its outermost (rightmost) 
position. When the applied pressure is in­
creased to Pl' the iarge piston moves to the 
left, pulling the small piston and the rod 
with it, until it comes to a stop against the 
outer face seal in the bore. This stop 
establishes the intermediate position of the 
actuator rod. 

When the pressure is increased from Pl 
to P 2' the small piston is driven to the left in· 
side the large piston until it comes to a stop 
against the inner face seal in the large 
piston. This establishes the innermost (left­
most) position of the actuator rod. When 
the pressure is decreased, the return 
spring rmves the actuator rod back to the 
right, in the reverse of the preceding se­
quence. 

'Nhen the pressure is cycled up and OOwn, 
there is little hysteresis in the back-and­
forth motion of the actuator rod because 
the seals are designed for low friction. The 
seal of the large piston consists of two 
polytetrafluoroethylene piston rings ener­
gized by a spring. The seals of the small 
piston and rod are made of poIytetrafluo­
roethylene, are energized by springs, and 
have pressure-assisted, approximately-C 
shaped cross sections. The face seals and 
the split-ring bearing on the left end of the 
large piston are also made of polytetra­
fluoroethylene. The use of polytetrafluoro­
ethylene and large clearances helps to 

Large-Piston Seal Assembly 
(Spring-Energized Piston Rings) 

Stroke Positions 

The Actuator Comes to a Stop at any of three positions, depending on the pressure at the 
supply port. The seals are made of polytetrafluoroethylene for low friction at low 
temperatures. 

reduce friction and makes it possible to 
operate over the range of temperatures 
from - 420 to 250 OF ( - 251 to 121 OC). 

This work was done by Peter B. Allen 
and James White of Martin Marietta Corp. 
for Marshall Space flight Center. For 
further information, Orcle 115 on the TSP 

Request Card. 
Inquiries concerning rights for the com­

mercial use of this invention should be ad­
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 14]. Refer to 
MFS-28265 



Books and Reports 
These reports, studies, handbooks are 
available from NASA as Technical 
Support Packages (TSP's) when a Re­
quest Card number is cited; otherwise 
they are available from the National 
Technical Information Service. 

Survey of Wind Tunnels at 
Langley Research Center 
Capabilities and 
recent and planned 
improvements are described. 

A report was presented at the AIM 
14th Aerodynamic Testing Conference on 
current capabilities and planned improve­
ments at NASA Langley Research Cen­
ter's major wind tunnels. Langley Re­
search Center has nearly 40 wind tunnels 
varying in size and complexity from small, 
inexpensive research tunnels to the new, 
$85-million National Transonic Facility. The 
estimated replacement cost of Langley's 
wind tunnels approaches $1 billion. The 
report focuses on 14 major tunnels, 8 of 
which are unique in the world and 3 of 
which are unique in this country. 

Scrne of Langley's wind tunnels are over 
50 years old. During the past decade, more 
than $100 million has been spent in up-

grading the major existing tunnels, and ap­
proximately another $100 million on new 
construction. In addition to routine repair, 
refurbishment, and modernization, em­
phasis has been placed on increased cap­
ability. Row quality has been Improved 
across the speed regime. Cryogenic tech­
nology has been used to achieve full-scale 
Reynolds-number capability and increased 
flexibility. Advances in instrumentation, 
particularly non intrusive techniques, have 
been exploited. Two new supersonic tun­
nels are being added to increase Langley's 
capability for supersonic tests. The hyper­
sonic complexes are being upgraded and 
expanded in both propulsion and aerother­
mal capabilities. 

The report covers the Langley Spin Tun­
nel, which is uniquely designed to free-spin 
test dynamically scaled models to de­
termine-spin and recovery characteristics 
of aircraft. Despite the age of this facility 
(45 years), it is serviceable and is in con­
tinuous two-shift operation. 

The report includes the new National 
Transonic Facility (NTF), a cryogenic, fan­
driven wind tunnel designed to provide full­
scale Reynolds-number capability in the 
critical flight regimes of most current and 
planned aircraft. It can operate at mach 
numbers from 0.2 to 1.2. 

This report also surveys the Langley 
Unitary Plan Wind Tunnel (UPWT), a 

closed-ci rcuit, variable-pressu re facility 
with a mach-number range of 1.47 to 4.6. 
Virtually every supersonic airplane, mis­
sile, and spacecraft in the United States in­
ventory has undergone extensive tests in 
this facility since it began operating in 
1955. 

The report addresses the resurgence of 
the inexpensive Oess than $100 thousand), 
simpie-tO<Jperate research tunnels. Sever­
al of these tunnels exist at Langley to per­
form fundamental research that is not ap­
propriate for the larger, more expensive 
tunnels. 

The report predicts that there will be no 
shortage of tools for the aerospace re­
searcher and engineer in the next decade 
or two. There will be new major wind tun­
nels and many research tunnels. New ad­
vances will prOVide unparalleled diagnostiC 
tools. 

This work was done by Robert E. Bower 
of langley Reeeerch Center. Further in­
formation may be found in AIM paper 
8~-37087. "Current Wind Tunnel Capabil­
ity and Planned Improvements at Langley 
Research Center." 

Copies may be purchased [prepayment 
required] from AIM Technical Information 
Services Ubrary, 555 West 57th Street, 
New York, New York 10019, Telephone 
No. (212) 247-6500. 
LAR-14037 
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Baffles Promote Wider, Thinner Silicon Ribbons 
A smoother temperatJre profile reduces the tendency 
toward buckling. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A set of baffles just below the exit duct of 

a silicon-ribbon-growing furnace reduces 
thermal stresses in the ribbons so that 
wider ribbons can be grown. The produc­
tMty of the furnace is thus increased. 

The baffles divert the plume of hot gas 
from the ribbon and allow cooler gas from 
the top of the furnace to flow around it. The 
baffles also shield the ribbon from thermal 
radiation from the hot growth assembly 
(see figure). The ribbon is therefore cooled 
to a lower temperature before it reaches 
the cooler exit duct, avoiding an abrupt 
drop in temperature as it enters the duct. 

Abrupt temperature drops induce stress, 
and stress makes the ribbon buckle and 
break. The tendency to buckle increases 
with the fourth power of the ribbon width. 
Before the baffles were installed, a 113iA/T1-

thick ribbon could be grown no wider than 
38 mm. With the baffles, the ribbon width 
can be increased to 42 mm and its thick­
ness decreased to 100 ,.,m. 

This work was done by Raymond G. 
Seidensticker, James P. McHugh, Rolv 
Hundal, and Richard P. Sprecace of West­
inghouse Electric OJrp. for NASA's Jet 
Propulsion Laboratory. For further infor­
mation, Orcle 149 on the TSP Request 
Card. 
NPO-17168 

Baffles Like Venetian Blinds, reduce the ef­
fects of two heating mechanisms: radiation 
from the growth assembly and convected 
hot gas. The silicon ribbon cools without a 
sharp dip In its temperature profile as it pro­
ceeds into the exit duct of the furnace. 

SIlicon 
Melt 

Calculating Obscuration Ratios of Contaminated Surfaces 
Equations for the calculation of an index of cleanliness are derived. 

NASA 's Jet Propulsion Laboratory, Pasadena, California 
Equations have been derived to esti­

mate the obscuration ratios of surfaces 
contaminated by particles. The obscura­
tion ratio is the fraction of surface area 
covered by the particles. It is useful as an 
index of cleanliness in clean-room opera­
tions in the manufacture of semiconductor 
devices, magnetic recording media, opti­
cal devices, and pharmaceutical and bio­
technological products. 

The complete description of the clean­
liness of a surface requires the areal densi­
ty of particles as a function of their sizes. In 
many cases, the data available are too lim­
ited to provide this distribution. Limitations 
include the granularity of the particle-size 
intervals and the statistics of the particle 
counts. In addition, the complete distribu­
tions for two surfaces do not, in general, 
permit the comparison of their cleanliness. 
Only in the special case in which the distri-
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bution for one surface is bounded by the 
distribution of another for all particle sizes 
may one state that the first surface is 
cleaner than the second. Nevertheless, 
the obscuration ratio is a convenient meas­
ure of contamination with respect to ef­
fects that are proportional to the squares of 
the sizes of particles. 

For the purpose of this estimation, it is 
assumed that the available measurements 
and counts of particles can be fitted to a 
continuous areal-<1ensity distribution. To 
accommodate fibers, particles of roughly 
spherical shape, and various size-depend­
ent quantities, the cross-sectional area of a 
particle in the distribution is considered to 
be proportional to an arbitrary power of the 
size of the particle (e.g., diameter2 for a 
sphere or length 1 for a fiber). 

The assumed distribution is a generalized 
form of the one in MIL-STD-1246A: 

log n(>d) = log no + s log2d 
where n(>d) = the number of particles per 
unit area of size greater than d, no = the 
number of particles per unit area of size 
greater than 1 j.IITl , s = the slope (s is 
negative), and d = the particle size in 
micrometers (d greater than or equal to 1). 
Using this distribution, the obscuration 
ratio R for spherical particles is given by 
R = (nI4)no{1 +21n10 

Y. 
[10 - 1/S ( 11 ) P. (w , oom 

-s In(10) n 1 

where no = the areal density On units of 
(s.rn) -2] of particles larger than 1 j.IITl , Pn(w, 
00) = the normal-probability integral from 
wto 00, and w1 = ( - 2s In10)Y'ls. 

For a collection of particles that are 
spherical for d<do and fibers of diameter 
do at larger sizes, the obscuration ratio is 
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given by 
R = (nl4)no{1 -do210s l0g2q, +2 In10 

Y. 

[1O-1/S (_n_) Pn(W1, w2)]} 
-s In(10) 

+n d {10s l0g2q, -ln10 o 0 

Y. 

[10 -1/45 (-s 1~(1O) ) Pn(w3 , co)]} 

wherew2 = (-2sln10)Y'(logdo + 1/s) and 
w3 = (- 2s In10)Y'(log do + 1/2s). A typical 
value of do is 100,.ro. 

For a distribution that has discrete size 
intervals, one can calculate the obscura­
tion ratio without assumptions: 

R = (n/4) '2.n id;d;+l 
i 

where the measured distribution consists 
of n;particles per unit area in each (ith) size 
interval from d; to d; + l' 

This work was done by Jack B. Barengoltz 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Circle 
2 on the TSP Request Card. 
NPO-17376 

Forging Long Shafts on Disks 
A removable punch halves the required stroke. 

Marshall Space Flight Center, Alabama 
A proposed isothermal-forging appara­

tus could produce long shafts integral with 
disks. In conventional isothermal-forging 
equipment, the forging stroke must be at 
least twice as long as the shaft being 
forged to enable the loading and unloading 
of the workpiece. In the proposed equip­
ment, which is based on the modification 
of conventional isothermal-forging equip­
ment, the required stroke could be cut by 
more than half. This would enable the forg­
ing of shafts as long as 48 in. (122 cm) on 
a typical modified conventional forging 
press, which would otherwise be limited to 
making shafts no longer than 18in. (46cm). 

The principal feature of the modified ap­
paratus would be a removable punch (up­
per die) (see figure). The upper die would 
be part of a stack that would include 
spacers. Some of the spacers could be re­
moved to enable the workpiece and punch 
to be loaded into the forging chamber. After 
completion of a forging cycle, the work­
piece and punch would be removed from 
the forging chamber together and disas­
sembled outside the press. 

Only the region of the workpiece at the 
junction of the disk and shaft undergoes 
significant plastic deformation; therefore, 
the existing heating elements on a conven­
tional isothermal-forging press would be 
adequate for use In the modified version. 
The workpiece would not remain isother-
mal during the forging process in the 
modified apparatus. Once the material ex-
truded past the orifice in the punch, it 
would move out of the heat zone and shrink 
away from the punch. 

The process and equipment are suited 
to the forging of alloys that exhibit super­
plasticity at some range of temperature 
and strain rate. A workpiece of an alloy 
otherwise difficult to process could be pre­
formed by end upset, and a shaft could be 

Ejector Pin 

NEAR END OF FORGING CYCLE 

REMOVAL OF FORGED PART 

isothermally forged into it, producing a The Removable Punch, In which the forged 
high-integrity disk/shaft component that material would cool after plastic deform a-
would have radial flow of grain in the disk tlon, Is the essential novel feature of the 
and axial flow of grain in the shaft. This proposed forging apparatus. 
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technology could be used to improve such 
products as components of gas turbines 
and turbopumps and of other shaft/disk 
parts for powerplants, drive trains, or static 

structures. 
This work was done by C17ris Tilghman, 

William Askey, and Steven Hopkins of 
United Technologies Corp. for Marshall 

Space Aight Center. For further informa­
tion, Circle 97 on the TSP Request Card. 
MFS-28288 

Determining Equilibrium Position for Acoustical Levitation 
~J The sample does not have to be levitated during the measurement. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

The equilibrium position and orientation 
of an acoustically-levitated weightless 0b­
ject can be determined by a calibration 
technique on Earth. From the calibration 
data, it is also possible, in principle, to cal­
culate the equilibrium position and orienta­
tion in the presence of Earth gravitation. 
The sample is not levitated acoustically 
during the calibration. 

The technique relies on the Boltzmann­
Ehrenfest adiabatic-invariance principle, 
one consequence of which is that the ef­
fective potential energy of an object in an 
isolated acoustic mode of a cavity is pro­
portional to the resonant frequency of that 
mode. The factor of proportionality de­
pends on the properties of the mode. Such 
equilibrium levitation properties as the 
position and orientation of the object are 
determined by measuring the conditions 
under which the total energy of the ob­
jecUcavity system is minimized. Thus, by 
measuJing the resonant frequency as the 
orientation or position (or both) of the 0b­
ject is varied, one can find the equilibrium 
orientation or position (or both) as that 
which minimizes the measured resonant 
frequency. 

Figure 1 illustrates the use of this tech­
nique in a round cylindrical levitation 
chamber. (However, the technique is appli­
cable to objects and chambers of arbitrary 
shape.) The object is rigidly supported at a 
selected position and orientation, and the 
frequency of the acoustic driver is adjusted 
to resonance, as indicated by maximum 
sound-pressure amplitude detected by the 
microphone. The process is repeated for 
other positions and/or orientations to find 
the minimum resonant frequency and to 
obtain plots of the relative shifts in the reso­
nant frequency as functions of position and! 
or orientation. The process can be auto­
mated 3nd controlled by a computer. 

By use of the Boltzmann-Ehrenfest prin­
ciple, one can convert the resonant-fre­
quency-shift data into data on the normal­
ized acoustical potential energy. Of course, 
the minimum of this energy occurs at the 
equilibrium point. From the gradients of the 
acoustical potential energy, one can calcu­
late the acoustical restoring force or 
torque on the object as a function of the de­
viation from the equilibrium position or 
orientation. 
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Figure 1. The Resonant Frequency of the Chamber is measured as a function of the position 
and/or orientation of the sample. The pOint of minimum resonant frequency Is that at which 
the sample would be levitated acoustically if it were weightless. 
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Figure 2. The Equilibrium Position for Levitation of the spherical sample illustrated in Figure 1 
is at the mid length of the chamber, where the resonant frequency is at its minimum. Here '0 = 
the empty-chamber resonant frequency and M = ,-, ,where' = the resonant frequency as 
a function of axial position z. 0 

Figure 2 shows some results of meas­
urements with a spherical object in the 
cylindrical chamber excited in the funda­
mental z-plana-wave mode. As one might 
expect intuitively, the equilibrium (mini­
mum-resonant-frequency) position in this 
mode is at the mid length of the chamber. 

This work was done by M. B. Barmatz 

and G. Aveni of Caltech and S. Putterman 
and J. Rudnick of UCLA for NASA's Jet 
Propulsion Laboratory. For further infor­
mation, Circle 77 on the TSP Request Card. 
NPO-17511 
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and blur-free images are required. Or, where only 
very low light is available. 

Now you can get brighter pictures, better depth 
of field and virtually 
blur-free video 
images to solve 
tough motion analysis 
problems. For a 
demonstration, 
contact: Eastman 
Kodak Company, 
Motion Analysis 
Systems Division, 
7 7633 Sorrento 
Valley Road, 
San Diego, CA 
92727. 
(679) 535-2908 
Ext. 225. 

KODAK EKTAPRO 
Intensified Imager 

HI H PEED 
IMA E EVEN 
IN L W LI HT. 

The new WMXI of Kodak 

Circle Reader Action No. 459 



Vacuum Head Checks Foam/Substrate Bonds 
Inspections are performed quickly and nondestructivelv. 

Marshall Space Flight Center, Alabama 

M electromechanical inspection system 
quickly gives measurements that indicate 
the adhesion, or the lack thereof, between 
rigid polyurethane foam and an aluminum 
substrate. The sYStem does not damage the 
inspected article, is easy to operate, and 
can be used to perform "goIno-go" evalua­
tions or as a supplement to conventional 
destructive pull-plug testing. 

The system applies a vacuum to a small 
area of the foam panel and measures the 
distance through which the foam is pulled 
into the vacuum. (The rest of the panel re­
mains at atmospheric pressure.) The meas­
urable deflection is greater in an unbonded 
than in a bonded area, and the magnitude 
of deflection that signifies a failure of adhe­
sion can be determined on specimens of 
known condition for subsequent use as a 
"g~n<>9o" criterion. 

The system consists primarily of a probe 
head connected through wires and a hose 
to a controller/monitor unit (see figure). The 
probe head is a transparent cylindrical 
chamber 81,4 in. (21.0 cm) long and 6 in. 
(15.2 cm) in diameter that applies the 
vacuum to the area of foam to be tested. A 
soft rubber seal bonded to the rim of the 
chamber helps to maintain the vacuum. A 
spring-mounted linear variable-differential 
transformer (LVOT) on the axis of the 
chamber measures the deflection of the 
foam during a test. The controller/monitor 
unit contains a mechanical pump that 
evacuates the probe head through the 
hose and a digital voltmeter that indicates 
the displacement of the LVOT. 

The testing procedure is simple. The 
probe head is positioned on the specimen 
and pumped to a low vacuum. After waiting 
about 15 s for the specimen to stabilize, the 
displacement of the LVOT is recorded. The 
probe head is then pumped to a high vacu­
um, and again the specimen is allowed to 
stabilize for 15 s before a reading is taken 
with the LVOT. The difference between the 
LVOT readings is the measured deflection 
to be compared with the "standard" value. 
The ability to detect flaws via this measure­
ment decreases with the thickness of the 
foam. 

This work was done by James F. Uoyd of 
Martin Marietta Corp. for Marshall Space 
Right Center. For further information, ar­
c/e 117 on the TSP Request Card. 
MFS-28301 
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Probe 
Head 

SYSTEM IN USE ON FOAM PANEL 

The Probe Head Is Applied to the Specimen and evacuated through the hose to the control­
ler/monitor unit. The digital voltmeter in the controller/monitor unit reads the deflection of 
the LVOT in the probe head. 
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Range Filtering for Navigation by Satellite 
Less processing and storage of data are needed. 

Ames Research Center, Moffett Field, California 
The mathematical basis has been de­

veloped for Kalman filtering of sequential 
measurements of the range (that is, the 
distance) from a single-channel receiver in 
the Global Positioning System (GPS) to 
each of several navigation satellites. The 
main advantages of the new range-filtering 
technique, in contrast with the more-con­
ventional navigation-filtering technique, 
are simplification of tuning and decreases 
in the required amounts of storage and 
processing of data for navigation in ships, 
airplanes, and ground vehicles. 

Range filtering involves the separate ap­
plication of a kinematic Kalman tracking 
filter to the measurements of the signal 
from each satellite in use (see figure). The 
state vector consists of the pseudorange 
and its time derivatives. Typically, the first 
one or two derivatives are used, giving two 
or three state variables, respectively. The 
filtered range-domain quantities are then 
combined for the navigation solution. 

The range filters may be thought of as 
navigation filters that have been trans­
formed to a nonorthogonal coordinate 
frame corresponding to the satellite direc­
tions, then separated into decoupled filters 
corresponding to each satellite, with sim­
ple neglect of the state-error-covariance 
cross-correlation elements. Although the 
loss of the cross-correlation information 
makes this a suboptimal approach, the 
sacrifice in optimality may not be substan­
tial in comparison with the prior error 
caused by the erroneous assumption of 
white noise in the Kalman-filter eauations. 

The new technique for conversion of the 
range-domain state estimates to the navi­
gation-state estimate involves the" conver­
sion" algorithm, which enables the filtered 
range-domain state estimates from each 
satellite to be incorporated sequentially 
into the navigation-state estimate as they 
become available. The conversion algo­
rithm consists basically of a conventional 

Global 
Positioning 

System 
Satellites 

SEQUENTIAL 
GLOBAL 

POSITIONING 
SYSTEM 

RECEIVER NAVIGATION FILTER 

navigation filter but without the recursive 
state-error-covariance computations. In­
stead, an equivalent state-error-covari­
ance matrix is based on the individual 
range-filter state-error covariances and on 
the satellite geometry. The conversion al­
gorithm can be set up to operate under 
"clock coasting"; that is, navigation can 
continue for a short time when the accessi­
ble satellites become insufficiently numer­
ous to determine the clock error. 

Measurements from auxiliary sensors 
can be integrated into the filtering scheme 
in several ways, depending on the type. For 
example, by use of a mathematical "virtual 
satellite," altimeter measurements can be 
treated equivalently to satellite range 
measurements. Inertial measurements 
can be used as a navigation-domain proc­
ess driver in the conversion filter, and the 
predicted navigation-domain state esti­
mate can then be used to compute the pre­
dicted range-domain state estimates, thus 
enabling the use of narrower range-filter 
bandwidths for improved rejection of 
noise. Measurements of the altitude of an 
aircraft can be used to infer the predicted 
flightpath if a coordinated-turn assumption 
is reasonable; alternatively, direct meas-
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In the new Range·Flltering Technique, a kinematic Kalman tracking filter Is applied separately to the measurements of the signal fr.om each 
satellite. 
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Macsyma® ... 
the most powerful 
math software 
in the world of 
mainframes. 
nowon 
PC's. 

• 1989 Symbolics Inc. 

, 

Circle Reader Action No. 524 

Until now, if you wanted.to 
combine symbolic and numerical 
analyses into a powerful approach to 
mathematical modeling, there was 
only one way to do it - MACSYMA 
and a big computer. 

Now we've taken all the 
power, performance and productivity 
of MACSYMA and created a PC ver­
sion' one that runs on any 386/00S­
based PC*. 

So now you can perform 
complex symbolic, numerical , and 
graphical calculations automatically 
- in applications ranging from 
plasma physics to aeronautics, from 
economics to fluid mechanics and 
more - right at your desk. Such as 
differential and integral equations, 
Laplace and Fourier transforms, 
vector and tensor calculus . The same 
calculations that used to require 
mainframe performance. 

There's one thing about 
MACSYMA ll1at isn't comp!e.x - using 
it. In fact, using MACSYMA is so easy, 
you can get right to work using our 
On-line Help and Quick Reference 
Card -without even opening a book. 

MACSYMA on a Pc. As easy as 11'. 
CalI 1-800-MACSYMA (in 
Massachusetts, 617-221-1250). 

symbolics Inc 

Computer Aided Mathematics Group 
8 New England Executive Park East 
Burlington, MA 01803 U.S.A. 

MACSYMA is a reg lslered trademark of Symbolics , Inc . 

• 100% IBM compatibles. 



urements of control inputs can be fed into 
an aircraft~amics state estimator to 
predict the flightpath. 

This work was done by Russell Paiel/i of 
Ames Research Center. Further informa-

Yon may be found in NASA TM89418[N87-
20057], "Range Filtering for Sequential 
GPS Receivers with External Sensor Aug­
mentation. " 

Copies may be purchased [prepayment 

required] from the National Technical In­
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. 
Rush orders may be placed for an extra fee 
by calling (BOO) 3364700. ARC-12106 

Generalized Multiple-Trellis-Coded Modulation 
Performance exceeds that of conventional trellis-coded modulation. 

NASA 's Jet Propulsion Laboratory, Pasadena, California 
values of b and k. Rgure 2 shows that at a 
given level of performance, these multiple­
trellis-coded modulation schemes all re­
quire lower signal-to-noise ratios EjNo 
than do the corresponding uncoded modu­
lation schemes. 

A generalized multiple-trellis<XXled m0d­
ulation technique combines multiple trellis 
coding ~n which more than one channel 
symbol per trellis branch is transmitted) 
with symmetrical M-ary phase-shift keying. 
This technique performs better than the 
conventional trellis-coded modulation 
technique does, with no increase in com­
plexity (as measured in the number of 
states in the trellis diagram of the code). 

Figure 1 illustrates the encoding-and­
modulation scheme. During each trans­
mission interval, the encoder maps b bina­
ry input information bits into s binary code 
symbols. These s symbols are partitioned 

j Binary 
Input 

b Symbols 

Trellis 
Encoder 

s 

... ... ... .. . .. . 

-- -- --m ... m . .. m 

Mapper and 
M-ary 

Modulator 

. . . . . . . .. . 
~-------y~------~I 

k 

M-ary 
Output 

Symbols 

Figure 1. The Generalized Multiple-Trellls­
Coded Modulation transmitter puts out k 
M-ary code symbols for every b input binary 
symbols. 
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into k groups of m = logiM) symbols 
each. Each of these groups results in an 
M-ary modulator-output symbol. The only 
constraint on these parameters is that s 
must equal mk, b is not required to be an in­
tegral multiple of the multiplicity k, the trel­
Iis-code rate bls need not be a ratio of adja­
cent integers, and the throughput blk is not 
constrained to be an integer, as in conven­
tional trellis-coded modulation. 

The performance of a coding-and-mod­
ulation scheme of the new type is charac­
terized by comparing its throughput per­
formance, b/k, with the computational cut­
off rate, Ro' of the transmission channel as 
functions of the ratio E IN 0 or E tiN 0 re­
quired to obtain an arbitrary small bit-error 
rate. Here E 5 is the symbol energy, No is the 
noise energy received during one symbol 
period, Eb is the bi~ energy, and Es = (b/k) 
Eb. Such a comparison was done by a 
computer simulation for binary-, quadra­
ture-, and 8-phase-shift keying (BPSK, 
QPSK, and 8PSK) channels with various 

o a: 

5 

2 

A - (b= 1, k= 1, 16 States) 
B -(b=1,k=1,8States) 
C - (b=6, k=4, 4 States) 
D - (b=9, k =4,8 States) 
E -(b=7, k=4,16States) 
F - (b=7, k =4,8 States) 
G -(b=2, k=l, 16 States) 
H - (b = 2, k = 1, 2 States) 
I - (b=2, k=2, 2 States) 
J - (b=8, k=4, 2 States) 
K - (b= 12, k=4, 2 States) 

Uncoded 
BPSK 

This work was done by D. Divsalar and 
M. K. Simon of Caltech for NASA's Jet 
Propulsion Laboratory. For further infor­
mation, Circle 130 on the TSP Request 
Card. 

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

Edward Ansell 
Director of Patents and Ucensing 
Mail Stop 301-6 
California Institute of Technology 
1201 East California Boulevard 
Pasadena, CA 91125 

Refer to NPO-17321, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 

L - (b=8, k=4, 32 States) 
M - (b=9, k=4, 4 States) 
N - (b=5, k=2, 16 States) 
o - (b=5, k=2, 8 States) 
P -(b=10,k=4,4States) 
Q - (b= 10, k= 4,2 States) 
R - (b=5, k=2, 2 States) 
S -(b=11 , k=4, 8States) 
T - (b = 11, k = 4, 4 States) 
U - (b = 11 , k = 4, 2 States) 

Uncoded 
QPSK 

K 

Uncoded 
8PSK 

O~ ______ -L ________ L-______ -L ________ L-____ ~ 

o 10 15 20 

Es/No, dB 

Figure 2. The Throughput Performances, b/k, of trellis-coded multiple-phase-shift-keying 
channels are compared with the computational cutoff rates, Ro ' of multiple-phase-shift key­
ing. The numbers of states noted above are those of the code trellises. 
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Lile ScienCes 
Hardware Techniques, and Processes 

Books and Reports 
88 Depth Perception in Remote Stereoscopic 

Viewing Systems 

Books and Reports 
These reports, studies, handbooks are 
available from NASA as Technical 
Support Packages (TSP's) when a Re­
quest Card number is cited; otherwise 
they are available from the National 
Technical Information Service. 

Depth Perception in 
Remote Stereoscopic 
Viewing Systems 

A viewing strategy 
accommodates the com­
peting requirements of low 
distortion and high resolution_ 

A report describes theoretical and ex­
perimental studies of the perception of 
depth by human operators through stereo­
scopic video systems. The purpose of such 
studies is to optimize dual-camera con­
figurations used to view the workspaces of 
remote manipulators at distances of 1 to 
3 m from the cameras. On the basis of 
their findings, the authors propose a 
strategy that minimizes the stereoscopic 
depth distortion without sacrificing stereo­
scopic depth resolution. 

To provide high depth resolution with 
adequate overlap of the stereo image 
pairs, the viewing axes of the cameras are 
made to converge on the point of interest. 
As the intercamera distance increases, the 
depth resolution increases, but so does the 
depth distortion. Conversely, the depth dis­
tortion can be reduced by decreasing the 
distance between cameras, but depth res­
olution is decreased. Heretofore, some re­
searchers have advocated orthostereo­
scopic camera alignments (those that 
imitate natural human viewing conditions), 
while others have advocated hyperstereo­
scopic alignments (those with unnaturally­
large camera separations). 

The authors note that the small-angle 
approximations used in most previous 
analyses obscured the relationship be­
tween the stereoscopic distortion and the 
major parameters of the camera configu­
rations. To explore this relationship more 
fully, they present a rigorous geometric 
analysis without small-angle approxima­
tions. They also ask whether human obser­
vers' responses follow the predictions of 

the geometric analysis despite internal 
human perceptual corrections and distor­
tions. 

Experiments were performed to answer 
the latter question. Human observers used 
a Honeywell (or equivalent) field-sequential 
stereoscopic viewing system and viewed 
two vertical rods through two television 
cameras. One rod was placed at a dis­
tance of 1.3 m from the line between the 
cameras; the other was placed at various 
distances a few centimeters closer or far­
ther than 1.3 m. In one set of experiments, 
the cameras were translated to different 
distances along the line between them. In 
another set of experiments, the cameras 
were rotated about a point between them. 
In all the experiments, the observers were 
asked to report their perceptions of which 
of the two rods appeared closer to the 
viewer. 

The experimental results show that al­
though uncertainties in depth perception 
vary among observers, the perceived 
depth distortions follow the predictions of 
the geometric analysis. Thus, the observ­
ers' internal corrections and distortions do 
not invalidate the usefulness of the 
geometric analysis in the prediction of op­
timal camera configurations. 

According to this analysis, the static 
stereoscopic depth distortion can be de­
creased, without decreasing the stereo­
scopic depth resolution, by increasing the 
camera-to-object and intercamera dis­
tances and the camera focal length. The 
analysis further predicts that the dynamic 
stereoscopic depth distortion can be 
reduced by rotating the cameras around 
the center of the circle (the Vieth-Mueller 
circle)that passes through the point of con­
vergence of the viewing axes and the first 
nodal points of the two camera lenses. 

This work was done by Daniel B. Diner 
and Marika von Sydow of Caltech for 
NASA's Jet Propulsion Laboratory. To 
obtain a copy of the report, "Stereo Depth 
Distortions in Te/eoperation, " Circle 59 on 
the TSP Request Card. NPO-17118 

Is your subsatptIon 
about to expire? 
Check the expire date. If it is less than 
6 months now is the time to fill out a 
new qualification fonn before your 
subscription expires. 
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New Literature 

Manual and computer-controlled 
DC power supplies and electronic 
loads are featured in a new cata­
log from the Hewlett-Packard Com­
pany, Palo Alto, CA. A system­
power-supply section includes 
single- and multiple-output models 
offering up to 200 volts, or up to 120 
amps output and 1000 watts, on the 
HP-IB (lEEE-488) interface. Another 
section describes electronic loads for 
power-supply, battery, and power­
component testing, including H P-I B 
and manually controlled models 
with ratings from 300 to 1600 watts. 
Circle Reader Action Number 708. 

A new product catalog from 
Spectrum Signal Processing Inc., 
Burnaby, British Columbia, lists a 
wide range of digital signal process­
ing (DSP) development tools and 
OEM systems fo r the IBM PC/XT/AT 
and Sun 386i . The products can be 
used for DSP algorithm develop­
ment, proof-of-concept demonstra­
tions, and system prototyping. The 
DSP-Link system expansion inter­
face, which provides for a variety of 
analog and digital interfaces, enables 
users to closely match their develop­
ment environment with their target 
hardware, or to rapidly create an 
end-user application. 
Circle Reader Action Number 704_ 

A directory of more than 160 
manufacturing research centers na­
tionwide is now available from 
MTIAC, Chicago, IL. Each entry in­
cludes a description of the center's 
technical expertise, facilities, and 
publications; additional information 
is offered on funding, staff, and af­
filiates. The lOS-page publication is 
indexed by state, center name, af­
filiation , and keyword . It is also 

1----------------1 available as an ASCII file on 5-14 and 

The updated Programmable Gate 
Array Data Book from Xilinx Inc., 
San Jose, CA, explains where pro­
grammable gate arrays fit, com­
pared to TIL, PLDs or conventional 
gate arrays. The free 320-page book 
includes detailed data sheets, 
diagrams, produa brief~, dnJ article 
reprints. 
Circle Reader Action Number 702. 

The technologies employed in semi 
wafer processing are described in a 
free brochure from MKS Instruments 
Inc., Andover, MA. Included are 
such processes as silicon crystal 
growth, epitaxial layer deposition, 
dopant ion implantation, trench etch 
by sputtering, trench filling by at­
mospheric pressure CVD, oxide or 
nitride plasma deposition, metal or 
silicide etch, sputter deposition, and 
interconnect layer etch . Typical 
system configurations and instru­
mentation/component selections are 
provided for each process. 
Circle Reader Action Number 71 2. 
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3-y, inch disks. 
Circle Reader Action Number 706. 

A new brochure describes National 
Technical Systems' recentlyexpand­
ed structural dynamics services, in­
cluding modal testing, digital signal 
analysis, signature analysis, finite 
element and dynamic response anal­
Y5i5, dynamic ch~r3.cte!"ist!cs predic· 
tion, and acoustic intensity studies. 
Also spotlighted are test facilities for 
a variety of hazardous products, high 
pressure/high temperature gases, 
liquids, cryogenics, EMI/EMC/EMP, 
and PCB/PWBs. 
Circle Reader Action Number 710. 

A free booklet from Electronics Cor­
poration, San Jose, CA, addresses 
problems frequently encountered by 
IEE E 488 Bus users, and describes 
mix and match solutions for expan­
sion, extension and control. Heavi­
ly illustrated with charts and dia­
grams, the publication provides in­
formation for enhancing 488 Bus 
configurations. 
Circle Reader Action Number 714. 
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• Designs filters with custom-shaped responses 
• Magnitude, Phase, Zin, Zout, or combination 
• Fits any precision response using available 

capacitor values (by recalculating resistors) 
• Derives equivalent circuit from measured data 
• Cuts opamp count in half (4 poles per opamp) 
• Tolerance, Time Domain, Waveform Digitizing 
• FAST - Less than 1 second per point typical 
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82300B BASIC Language Processor ~ 
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300 BASIC software. COMTRAN 
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generates high-caliber 
ad leads." 

" As a manufactu rer 
of automat ic test 
equipment, Artisan 
has a wide and 
varied customer 
base. Limit ing ou r 
advert ising to test 
and instrumentation 
magazines proved 
too narrow an ex­
posu re and left a 
vast group of poten­
tial customers un­
tapped. Through 
NASA Tech Briefs 
we were able to 
reach many 
qual if ied users of 
our products who 
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through other 
publicat ions. We'll 
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Michael Ryba 
President/CEO, 
Artisan Development 
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New literature 

A new brochure from Wayne Kerr 
Inc., Woburn, MA, introduces the 
900 series for printed circuit board 
(PCB) testing. Comprised of three 
test systems that can stand alone or 
be used in a network configuration, 
the 900 series su pports a wide range 
of test modules for shorts/opens, 
functional, and in-circuit testing. The 
systems incorporate standard IBM 
hardware and the Wayne Kerr test 
bus architecture. A full range of digi­
ta l testing capabilities are available, 
from sequential logic tests to real­
time, bus-structured tests. 
Circle Reader Action Number 716. 

A free aviation poster is available 1 1 . -==-iiiiiiiiii-ii •• 1 
from the Aircraft Wheel and Brake 
Division of Parker Hannifin Corp., 
Avon, OH . The 24" by 30" poster 
depicts a variety of general aviation 
aircraft in full color, and is printed on 
heavy stock, suitable for framing. 
Circle Reader Action Number 718. 

More than 100,000 electronic com­
ponents from 240 manufacturers are 
described in the new catalog from 
Newark Electronics, Chicago, IL. The 
lIDO-page publication includes di­
mensions, specifications, and de­
scriptions of semiconductors, com­
puter supplies, capacitors, surface 

A full line of vacuum valves and 
valve control systems for applica­
tions from coarse vacuum to ex­
treme UHV is described in a catalog 
published by VAT Inc., Woburn, 
MA. Available free of charge, the 
22S-page publication describes a 
wide range of gate valves, rectangu­
lar slit valves, all-metal bakeable gate 
valves, angle valves, closed-loop 
control valves for downstream pres­
sure control, and fast closing systems 
for beam lines. Full technical data, 
drawings, and specifications are 
included. 
Circle Reader Action Number 720. 

mount devices, switches, test equip- r.iiiiiiiiiiiiiiiiPiiiiiiiiiiiiiiiiiiiiiiii;;;;;;;;;;;;-;;;,wiiiiiill 
me nt, and much more. The 1989 
catalog features 7900 new products 
and 13 new product lines. 
Circle Reader Action Number 724. 

" Technology Alliances for Compet­
itiveness" provides an overview of 
various pubic-private sector col­
laborations in the technology in­
dustries, such as strategic alliances, 
joint ventures, research agreements, 
R&D consortia, incubators, and gov­
ernment funding programs. Issued 
three times a year, the free booklet 
is published by the IC2 Institute, a 
research center affiliated with the 
University of Texas at Austi n, and 
KPMG Technology Development 
Services. The latest edition includes 
information on MIT's management 
in the 1990's program, as well as a 
new consortium formed by US auto­
makers, a planned DARPA engineer­
ing research center, and the first ma­
jor joint venture between American 
and Japanese semiconductor 
companies. 
Circle Reader Action Number 726. 

A four-page brochure from OrCAD 
Systems Corp., Hillsboro, OR, intro­
duces software to help engineers 
generate complex designs on PCs. 
The software, called OrCAD/SDT III, 
provides simple pop-up menus; of­
fers special design management fea­
tures to simplify complex designs, 
such as heirarchicallayers and pow­
erful macros; and includes utility 
programs, once the user has entered 
the design, so the schematic data can 
be used in a variety of environments. 
A free demonstration disk that walks 
the user through the basic steps of 
the software is also available. 
Circle Reader Action Number 722. 
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New on the Market 

XtraT .. , an integrated programming 
environment for the development of 
parallel and multiprocess applica­
tions, has been introduced by BBN 
Advanced Computers Inc., Cam­
bridge, MA. Available on the 
Butterfly® GP1 000 system, the Xtra 
tool set employs Window System™ 
multiple windows, mouse-driven in­
puts, and pop-up menus. Through its 

CSD International Inc., Shelburne use of automatic multiple window 
Falls, MA, is marketing CSD- displays,Xtratoolsenablesusersto 
VisionTM, a hardware and menu- see a full picture ofthe program and 
driven software package for auto- thereby quickly grasp the nature of 
matic manufacturing and quality specific problems. In addition , 
control inspections. It includes a context-sensitive on-line help 
solid state camera with a 35mm lens, automatically gives the user in­
a frame grabber and VGA display formation about specific operations 
adapter, I/O modules for produc- being attempted. The TotalView™ 
tion/product control , vision inspec- source-level multiprocess debugger, 
tion software, picture scanning and part of the tool set, allows program­
enhancement software, and all the mers to observe the effects of many 
necessary cables and documenta- processes running simultaneously. 

Circle Reader Action Number 774. 
tion needed for on-line quality in- '-_-:::--=::::::::::::::;;::::::::::;;::;;;;;:;-_-j 
spections. Unique to the CSD-Vision I 

package is the ability to store cap­
tured images in TIFF, IFF, EPS, or PCX 
file formats. These common image 
files are compatible with most pop­
ular desktop publishing software. 
CSD-Vision works with IBM-compat­
ible computers, and sells for $4995. With a resolution of 1000 point per 
Circle Reader Action Number 776. inch, GTCO Corporation ' s new 

~iiiiiiiiiiiiiiiiiiiiiiii;;;;:::;:------1 SketchMaster " sees" up to five times 
I more detail than other low-cost digi­

PPG Industries, Pittsburgh, PA, has 
developed a liner for polycarbonate 
windshield transparencies that in 
flight tests has shown an ability to 
" heal" surface damage such as abra­
sion from foreign-object impact. The 
liner. which bonds directly to the 
substrate, is also resistant to ultravi­
olet radiation, chemicals, and stress, 
and is lighter than acrylic, currently 
the most popular protective ply for 
polycarbonate transparencies. In 
one example, a weight reduction of 
nearly one pound per square foot 
resulted when an acrylic outboard 
ply and an interlayer used to bond 
the acrylic to the polycarbonate 
were replaced with the PPG materi­
al. In addition to outboard shielding 
applications, the liner may provide 
inboard protection, be photochro­
mic to reduce light transmission as 
needed, and have antistatic and laser 
defeat capability. 
Circle Reader Action Number 772. 
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tizers. Sketchmaster also consumes 
less power. While other digitizers re­
quire a dedicated internal or external 
power supply, SketchMaster can be 
powered by the RS232C port of the 
host computer. The new digitizer 
works with most popular digitizing 
software and includes a tablet, four­
button cursor, interface cable, adap­
tor, and manual. 
Circle Reader Action Number 770. 

A high-resolution recorder that 
writes with laser printer resolution 
has been introduced by Astro-Med 
Inc., West Warwick, RI. The Model 
MT-95000 recorder features a resolu­
tion of 300 dpi on the amplitude axis 
and more than 300 dpi on the time 
axis. All-electronic and operating 
without pens, styli , or other moving 
parts, the MT-95000 records 8, 12, or 
16 separate or overlapping channels 
and features real-time frequency 
response of 20 kHz as well as auto­
matic self-calibration . With its high 
frequency response, the recorder 
can be used in applications former­
ly reserved for light beam 
oscillographs. 
Circle Reader Action Number 766. 

BO~mr-
ITI Flexible Fiberscopes 
IT! offers Ihe broadest line of high qualily industrial 
Flexible Fiberscopes for viewing into the most inacces­
sible areas or hosti le environments. All instruments 
feature ITI's computer designed high resolution optical 
and illumination syslems for brighter. clearer images. 

Available in several diameters from 1.Smm to 10mm, 
with two-way and four-way articulation and with inter­
changeable viewing heads. 
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POBox 381 . vo,slfield. MA 01086 
(41 3) 562·3606 Telex 955329. Ann ITI 
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FAST PRECISE UV BONDING 

TEKLITE. 
the UV curing 
system that's 
triggering a 
product assembly 
revolution. The TEKLITE 

is the ideal tool for fast. preciSion UV bonding . This versatile 

and rugged Instrument Is ideal for cUring UV adhesiVes and 
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SCIENTIFIC/ENGINEERING GRAPHICS TOOLS 
for the IBM PC and compatibles 

FORTRA fPascal tools: GRAFMATIC (screen graphics) 
PlOTMATIC (pen plotter) and PRINTMATIC (printer driver) 

These packages provide 20 and 3D plotting capabilities 
for programmers writing in a variety of FORTRA /Pascal 
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more. PLOTMATIC Supports HP or Houston Instrument 
plotters. PRI TMATIC supports dot-matrix and laser print­
ers. Font module available too! Priced from $135. 
Don't want to program? Just ask for OMNIPlOT! Me~u­
driven, fully documented integrated scient!fic ~raphic~. Write 
or call for complete information and ordering instructions. 
GRAFMATIC-PLOTMATIC-PRINTMATIC-OMNIPLOT 
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Circle Reader Action No. 389 

"AdvertiSing is extremely 
important to Visionics. We 
market the EE Designer series of 
PC-based CAE/CAD software direct 
to the end-user, so we rely on NASA Tech 
Briefs to generate quality leads for us. 

We find that NASA Tech Briefs not only generates 
a good number of leads , but, more importantly, 
that an extremely high percentage of these leads 
are turned into sales. As an advertiser, that's 
what it's all about. 

I see the relationship between NASA Tech Briefs 
and Visionics as a partnership that benefits us 
both." 

****************** 
You too can find profit In these pages. For a 
complete marketing kit, call (SOO) 25S-0201, or 
Clip your business card to this ad and mall to: 

NASA Tech Briefs 
41 East 42nd St., New York, NY 10017·5391 

New on the Market 

Spectraguard C·608, a silver·filled, 
conductive coating material that 
provides electromagnetic and radio 
frequency interference (EMI/RFI) 
shielding in demanding environ· 
ments is now available from Carroll 
Coatings Company, Providence, RI. 
Formulated for use as a finish on sur­
faces exposed to water, solvent, 
chemical , and salt- spray environ· 
ments, Spectraguard C·608 has a sur­
face resistance ci .02 ohms/square at 
1.5 to 2.0 mil dry film thickness. It 

Piezo Systems Inc., Cambridge, MA, is 
offenng a kit to help engineers get both 
instruction and hands-on experience 
in designing piezoelectric devices. 
Equivalent to a classroom and lab 
course. the kit also permits fast verifica­
tion of design feasibility. It consists of 
a tutorial and design calculator on fl0p­
py disk for IBM-compatible com­
puters; a manual containing practical 
techniques developed by Piezo 
Systems engineers; and a motor/ac­
tuator kit with laminated piezoceramic 
stock, solder, flux, and a motor/ac­
tuator manual. Applications for 
piezoelectric actuators and sensors in­
clude: solid state actuators for rocket 
valves, hydrauliC and pneumatic con­
trols, laser-optic positioners, machine 
vision systems, miniature pumps and 
fans for fluid delivery systems, and 
ultrasonic devices. 
Circle Reader Action Number 794 • 

provides EMI/RFI protection up to ~----------~ 
83dB 1 MHz to 3GHz, and offers a 
service temperature range of _60° to 
+ 400° F. Available in sample kits, 
the two-part epoxy coating can be 
applied with standard spray devices 
to various plastics, composites, and 
primed or unprimed metals. 
Circle Reader Action Number 790 

Teledyne Semiconductor, Mountain 
View, CA, has introduced a measure­
ment system on-a-chip which will 
enable designers to create a single in­
strument that can measure voltage, 
current, resistance, frequency, and 
logic levels. The chip's main compo­
nents are an anaiog-to-digital convert­
er, a logic probe, a frequency counter, 
and a liquid cry.tal display (LCD) driv­
er. Designated the TSC820, the device 
also includes normally external func­
tions such as decimal point drivers, a 
low-battery detector, and peak reading 
hold. With a resolution of 3-3;" digits, 
the TSC820 doubles the dynamic 
range of current ND converters and, 
in the 200 to 400 mV range, delivers 

An advanced waterjet cutting system 
from Hydrojet Services Inc., Reading. 
PA, quickly and cleanly cuts both hard 
and soft materials by pressurizing 
water and focusing it into a jet stream 
as small as .003". Traveling at up to 
three times the speed of sound, the jet 
stream cuts without distorting or 
degrading the material, and eliminates 
the need for secondary finishing. The 
computer-controlled, omnidirectional 
system can net-cut complex shapes 
and contours. 
Cirde Reader Action Number 798. 

ten times the resolution, according to ~-------------l 
the manufacturer. 
Circle Reader Action Number 792. 

A programmable vision-based system 
that measures and inspects the lead 
dimensions and coplanarity of a vari­
ety of surface mount packages has 
been introduced by VIEW Engineering 
Inc., Simi Valley, CA. The automated 
system provides accurate and repeat­
able measurements for such dimen­
sional features as seating plane coplan­
arity, shoulder or elbow width/spacing. 
tweezing, lead angle and lead pitch, 
footprint, and package size. Designed 
to accomodate a variety of package 
styles, the inspection system uses five 
CCD cameras to create a composite 
view of the entire device. Its measure­
ments are in full compliance with 
)EDEC and ANSI Y14.S stan· 
dards. 
Circle Reader Action Number 7%. 

Precision Visuals Inc., Boulder, CO, 
has released PV-WAVE, a new soft­
ware package for exploring, analyz­
ing, and displaying scientific data in­
teractively. Within one integrated en­
vironment, scientists can navigate 
through large datasets, selecting and 
analyzing key features and trends, a· 
nd translating results into graphs, con­
tour maps, surface plots, and images. 
Uses can combine computational 
analysis and graphics with image pro­
cessing techniques to look at their data 
in unconventional ways, for example, 
combining 3D shaded surfaces with 
contour maps and pixel images. all in 
one graphics window. PV-WAVE is 
tailored for Sun and DEC workstations 
and VAXNMS environments, with 
direct end-user access to windows, 
mouse input, and menus. 
Circle Reader Action Number 800. 
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New on the Market 

SilentPartner, a new handheld re­
I mote keyboard for IBM-compatible 

PCS, is now available from Presenta­
tion Eledronics Inc. , Rockl in, CA. 
Useful for electronic presentations in 
the form of computer slide shows, 
SilentPartner consists of an infrared 
remote control with a 35-foot range 
and a receiver that plugs into the 
keyboard port or serial port of the 
PC, be it a desktop or laptop. The 
transmitter features three " Page 
Select" buttons, each of which 
represents a separate memory page 
on which another 20 "soft" buttons 
can be programmed, using menu­
driven SProgram(!) software. Each 
button can represent a single key, a 
string of keys up to 79 characters, 
and special key combinations, such 
as "control-break" or "alt-f." The 
product sells for $349. 

A PC-to-PC transfer card that allows 
business users to send and receive 
data and documents automatically, 
without PC power, is offered by Face 
Technologies Inc., Ann Arbor, MI. 
Designed to fit in an open slot on any 
IBM PC!XT/AT or compatible com­
puter, the FaceCard™ communica­
tions board enables scheduling infor­
mation transfer for a designated time 
of day, such as the evening when 
telephone rates are lowest. It works 
up to six times faste r than standard Circle Reader Action Number 778 
FAX machines and transfers true r--::;:=----------::::----1 
files-not just pictorial copies. This 
allows the receiver to modify the 
document on-line, thereby elim­
inating tedious pencil-and-paper 
editing. Unlike many other data 
transfer devices, FaceCard™ does 
not permit open access; it protects 
against unauthorized access to data 
on the PC even if it is part of a net­
work. 
Circle Reader Action Number 786. 

ND Industries, Troy, MI , is offering 
free samples of its five major locking 
and sealing processes. These in­
clude ND PATCH™, a sprayed-on 
nylon coating which makes fasteners 

f---------- -----1 self-locking yet fu lly adjustable; ND 
Versacad Corp., Huntington Beach, PELL_ITTM, a nylon locking plug in­
CA, has introdued a high-perfor- serted into a drilled hole; ND VIBRA­
mance CAD system for 80386 com- TITE(!) , a vibration-resistant coating; 
puters. Called VersaCAD/386, the D EPOXY-LOCK(!) , a locking/seal­
software features 2D production and ing adhesive with tremendous break-
3D modeling capabilities, as well as away torque; and ND STRlp™, a 
a Bill of Materials report generator nylon locking bar inserted into a mill­
and universal CAD communications ed slot in the fastener's threads. 
utilizing ICES, DXF, VLlNK, Post- Circle Reader Action Number 784. 
Script, HPCL, and DMPL. A Quick- f--------------j 
Render 3D model viewer provides 
shading and hidden line removal at 
high speeds. VersaCAD/386 can ad­
dress up to 16 MB of memory, break­
ing the 640 KB barrier and enabling 
users to create much larger models 
while easily running popular net­
works, third-party application pro­
grams, and memory utilities such as 
Sidekick. 
Circle Reader Action Number 780. 

Optical Coating Laboratory Inc ., 
Santa Rosa, CA, has developed an 
Innovative method for applying 
multilayered coatings on plastic 
substrates. The coatings are pro­
duced via an ion coating process that 
allows deposition to occur at near 
room temperature, eliminating op­
tical distortion and durability pro­
blems associated with conventional 
depo ition methods on plastics. 
Potential applications include anti­
reflection coatings on plastic win­
dows, conductive coatings, su n­
glass coatings. and laser rejection 
coatings. 
Circle Reader Adion Number 788. 
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The ii€"v'v' ThcrmAtrJce® !nfrared 
scanner from the the Pyrometer Instru­
ment Company, Northvale, NJ, offers 
a cost-efficient alternative to conven­
tional thermal imaging cameras. 
Unlike other scanners, its detector 
operates without expensive cryogenic 
cooling. Measurements can be made 
over five selectable temperature spans 
from 100 to 10000 C. An electronic 
offset control permits detailed ex­
amination of any portion of the ther­
mal line scan, or "A-trace", which 
represents the tem- perature distribu­
tion along a single line on the target. 
The scanner can be operated on either 
a self-contained rechargeable power 
pack or off an AC line. 
Circle Reader Action Number 782. 

ANVIL CASES ... BUILT FOR 

AIR, lAND & SEA 
• M.A.C.C. Cases - military application 
cases and containers meel or exceed 
the stringent testing of 
MIL-STO-810 

• A.T.A. Cases meet or 
exceed the Air Transport 
Association specification 
300 Category 1 standards 

• Custom measuring and designing available • Building quality cases since 1952 

Call Today For More Information 

4128 Temple City Blvd • Rosemead. CA 91770· (800) 423-4219· CA: (800) 242-4466 or (818) 575-8814 

Circle Reader Action No. 327 

WE'VE PERFECTED 
A FEW NEW ENCODERS-
Optical Incremental Modular SIZE 23 (2.25 In. dra x 3.12" max.·w/o conn.) 
Encode .. are designed to All aluminum conslruction Sblniess steel shaft 
meet most commercial ABEC grade 5 double shielded S.S. ball beanngs 
and military Output·Blnary coded decimal 
applications. TOlal Counl-2oo. 360, SOO 
• light emitting diodes Oulput·Gray or BInary 
(LED) and precISIOn Tolal Counts-256, 512 
chrome on glas~ Type-TIL Compabble. 
or mebl or CMOS parallel 
code non·ambtg. oulput 
diSC. Supply-5 .. fts+I ·5% 
• Available Slew Rate 5000 RPM 
wllh counts Count Rale ISOORPM 
10 2500 pulses. ilium. Source loE.D 
• Units can be Torque-OJ OZ-In 
furnished w~h either a Accel.-7SO,000 RAD/ Sec' 
~ngle oulpul channel or wrth Inerba .055 oZ'In' max 
a second channel In phase Quadrature Operallng Temperature O' to +70'C 
With ,ndex marker If reqUired. Shock 50G's lor 11 MS. Vibration 5·2000 hz @20G's 
@ O~~I)'1!! 1nt'11II1p u"amphfied ohotosensor outputs Connector-OB2SS, mating connector supplied 

TO YOUR SPEC. 
We've built a reputation for fabricating custom components to the most 
demanding specs_ Our Engineering Assistance Dept. is ready to offer 
intelligent solutions for sophisticated motion control technology -whether 
in Quality Long-Life Assemblies or ruggedly independent. There's no 
charge - just a call, a speedy Quote and a delivery date you'll be happy with. 

FREE FULL LINE PRODUCTS CATALOG 
Just call or writs -

"VERNrrEC::H: 
Division of VERNITRON CORPORATION 

300 MARCUS BLVD . • DEER PARK . NEW YORK 11729 
516-586-5100 

TWX 510-227-W79 . FAX 516-242-7940 
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Three Things 
You houldn't 
Have To Share At 
The Office 

I n the workplace you would never 
think of sharing your mug or chair. So 
why are you running down the hall to 
find out if there is a terminal available 
for your mainframe graphics applica­
tions? With TGRAF software and your 
desktop computer there's no reason 
to ever share a terminal; you can now 
have a powerful graphics terminal on 
your desk, inexpensively. 

TGRAF accurately duplicates a 
Tektronix graphics terminal without 
sacrificing terminal functionality. 

ow mainframe graphics power is 
available for your PC, PS/2, Macin­
tosh II, or workstation in RS-232 or 
networked computer environments, 
for only a fraction of what a terminal 
would cost. 

TGRAP's comprehensive Tektronix 
terminal emulation and Grafpoint' s 
superior customer support, puts the 
terminal sharing blues behind you 
forever. Call Grafpoint for the name 
of your local distributor and order a 
no-risk 3D-day evaluation copy. 

Curren/ TGRAF "'as callus for 
"'forma/lOll 0>717oUJ /0 upgrade 10 our 
la/,',/ I'roduc/ - TGRAF-4100 

o GRAFPOlnT 
1485 Saratoga Avenue 
San Jose, CA 95129 
1-800-426-2230 
In California 408-446-1919 

Grafpomt and TGRAF are Irademar1<s of Grafpolnt. 
PC and PS/2 are trademar1<s of InlernalJOnai BUSIness Ma· 
chines Corporallon. T ek1romx IS a trademari< of T el<lromx. 
Inc. Maontosh IS a trademari< of Apple Computer, lnc. 
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A 
ACOUSTIC LEVITATION 
Delermlnlng equilibrium 
position for acoustical 
levitation 
page 80 NPO·17511 

ACTUATORS 
Three·posltlon cryogenic 
actuator 
page 75 1.4 FS-28265 

AERODYNAMICS 
Survey of wind tunnefs 
at langley research 
center 
page 77 

AIRFOILS 

LAR·14037 

Measuring airflow with 
digital holographic 
Interferometry 
page 34 ARC·12131 

ANGLES (GEOMETRy) 
Rapldly·lndexlng 
Incremental·angle 
encoder 
page34 GSC·13154 

AUTOMATIC CONTROL 
Design of feed forward 
controllers for 
multlvarlable plants 
page 33 NPO·17177 

B 
BEAMS (SUPPORTS) 
Vibrating beam with 
spatially periodic 
stiffness 
page 58 MFS·27202 

BIPOLAR TRANSISTORS 
Reflection oscil lators 
containing series· 
resonant crystals 
page 20 GSC·13173 

c 
CHAOS 
Chaotic motion of a two· 
link planar mechanism 
page 58 NPO·173B7 

CLEANLINESS 
Calculating obscuration 
ratios of contaminated 
surfaces 
page 7B 

CMOS 

NPO·17376 

Relationship between 
latchup and t ransistor 
current gain 
page 26 NPO·17561 
CODING 
Generalized multlple­
treilis-coded modulation 
page 86 NPO·17321 

COMBUSTION 
CHAMBERS 
Adherent thermal barrier 
for combustion chamber 
page 40 LEW·14840 

CONTAMINANTS 
Calculating obscuration 
ratios of contamlnaled 
surfaces 
page 78 NPO·17J76 
CONTROL SYSTEMS 
DESIGN 
Design of feedoorward 
controllers for 
multivarlable plants 
page 33 NPO·17177 

CRYSTAL GROWTH 
Baffles promote wider, 
thinner silicon ribbons 
page 78 NPO·17168 

CRYSTAL OSCILLATORS 
Reflection oscillators 
containing series· 
resonant crystals 
page 20 GSC·13173 

SUblect 
Index 

D 
DEEP SPACE NETWORK 
Hybrid analog/d igital 
receiver 
page 28 N PO· 17262 

DISKS 
Forging long shafts on 
disks 
page 79 MFS·28268 

DISPLAY DEVICES 
Force/torque display for 
telerobot lc systems 
page 30 LAR·13727 

DUST 
Calculating obscuration 
ratios of contaminated 
surfaces 
page 78 

E 
NPO·17376 

ELECTRO·OPTICS 
Optical processing with 
photorefractive 
semiconductors 
page 37 NPO·17324 

Rapldly·lndexlng 
Incremental·Angle 
encoder 
page 34 GSC·13154 

ELECTROCATALYSTS 
Choosing compositions 
of electrocatalysts 
page 3B t~PO·17167 

ElECTROMECHANICAL 
DEVICES 
Vacuum head checks 
foam/substrate bonds 
page 82 MFS·28301 

ETALONS 
Etalons help select 
modes of laser diodes 
page 46 GSC·13235 

EVAPORATIVE COOLING 
Transpiration and 
regenerative cooling of 
rocket engine 
page 51 1.4 FS·28251 

F 
FEEDFORWARD 
CONTROL 
Design of feedforward 
controllers for 
multivarlable plants 
page 33 NPO·17177 

FLOW MEASUREMENT 
Dlode·laser doppler 
veloclmeter 
page 44 MFS·26104 

Measuring airflow with 
digital holographic 
Interferometry 
page 34 ARC·12131 

FORGING 
Forging long shafts on 
disks 
page 79 

FUEL CELLS 

1.4 FS·28268 

Choosing compositions 
of electrocatalysts 
page 3B NPO-17167 

G 
GALLIUM ARSENIDES 
Optical processing with 
photorefractlve 
semiconductors 
page 37 NPO·17324 
GAMMA RAY 
OBSERVATORY 
Simulating the gamma· 
ray observatory 
spacecraft 
page 52 GSC·13147 

GlASS 
Making Mg01510 2 
glasses by the sol1lel 
process 
page 50 

H 
LEW·14714 

HOLLOW CATHODES 
Hollow-cathode source 
generates plasma 
page 44 NPO-16992 

HOLOGRAPHIC 
INTERFEROMETRY 
Measuring airflow with 
digital holographic 
Interferometry 
page 34 ARC·12131 

I 
IMAGE PROCESSING 
Correction and use of 
li tter In television 
Images 
page 32 N PO·17 499 

Multiplying video mixer 
page 22 N PO· 17332 

Optical processing with 
photorefractlve 
semiconductors 
page 50 NPO·17324 

INKS 
Sliver Ink for Jet printing 
page 50 NPO·17153 

INSULATION 
Adherent thermal barrier 
for combustion chamber 
page 40 LEW·I4840 

INTEGRATED CIRCUITS 
Monol ithic microwave 
switching matrix 
page 22 LEW·I4813 

K 
KALMAN FILTERS 
Range filtering for 
navigation by satellite 
page 84 ARC·12106 

L 
LASER DOPPLER 
VElOCIMETERS 
Dlode·laser doppler 
veloclmeter 
page 44 

LASERS 

1.4 FS·26104 

Etalons help select 
modes of laser diodes 
page 46 GSC·13235 

LATCH·UP 
Relationship between 
latchup and transistor 
current gain 
page 26 

LEVITATION 
NPO·17561 

Determining equilibrium 
position for acoustical 
levitation 
page 80 NPO·17511 

LIGHT EMITTING DIODES 
Etalons help select 
modes of laser diodes 
page 48 GSC-13235 

LIQUID OXYGEN 
Three-position cryogenic 
actuator 
page 75 

M 
1.4 FS·28265 

MANIPULATORS 
Chaotic motion of a two· 
link planar mechanism 
page 58 NPO·173B7 

MEASURING 
INSTRUMENTS 
Dlode·laser doppler 
veloclmeter 
page 44 MFS·26104 

MECHANICAL 
ENGINEERING 
Multiple-boundary, 
condition vibration tests 
page 56 N PO·17351 

MICROWAVE 
RADIOMETERS 
Algorithm estimates 
microwave water·vapor 
delay 
page 3B N PO·17267 

MIROWAVE SWITCHING 
Monolithic microwave 
switching matrix 
page 22 LEW·I 4813 

MIXING CIRCUITS 
Multiplying video mixer 
page 22 NPO·17332 

MODULATION 
Generalized multiple· 
treilis-coded modulation 
page 86 NPO·17321 

N 
NAVIGATION 
SATELLITES 
Range filtering for 
navigation by satellite 
page 84 ARC·12106 

NONDESTRUCTIVE 
TESTS 
Vacuum head checks 
foam/substrate bonds 
page 82 MFS·28301 

.... _---------, 
1 Climb aboard 1 
I the world's best 

fighter air- 1 
I craft-the F·16 

Falcon, F·15 1 I Eagle, and 
F·111-forhigh 1 I flying adventure! I 

I This action· 
packed VHS 1 1 videotape 
featu res real 1 I combat footage . I 

I $19.95 each plus 
$3.00 postage . I 

I NY residents 
add sales tax. 1 

1 1 
1 Name 1 
1 Address 

City --------=::---- 1 1 State Zip --
Total enclosed: 1 

1 for --- Jet videos. 1 
1 Send check or money order to: 

NASA Tech Briefs, Dept. F 1 1 41 East 42nd St., 

1 ___ N.: :k~Y":O~ __ J 
NASA Tech Briefs, August 1989 



o 
OPTIMIZATION 
Computing optimal 
mul tlarc trajectori es 
page 54 MSC-21112 

OSCILLATORS 
Reflection oscill ators 
containing serles­
resonant crystals 
page 20 GSC-13173 

p 
PHASE SHIFT KEYING 
Generalized mul tl ple­
treili s-coded modulation 
page 86 N PO-17321 

PLASMA GENERATORS 
Hollow-cathode source 
generates plasma 
page 44 N PO-16992 

PLATINUM ALLOYS 
Choosing compositiOns 
of electrocatalysts 
page 36 NPO-1 7167 

POLYURETHANE FOAM 
Vacuum head checks 
foam/substrate bonds 
page 82 MFS-28301 

POSITION SENSING 
Rapidly-Indexing 
Incremental-angle 
encoder 
page 34 GSC-13154 

PRINTING 
Sliver Ink for jet printing 
page 50 NPO-17153 

R 
RADIO RECEIVERS 
Hybrid analog/digital 
receiver 
page 28 NPO-17262 

RANGEFINDING 
Range filtering for 
navigation by satellite 
page 84 ARC-12106 

RAYLEIGH SCATTERING 
Laser rayleigh-scattering 
during space shuttle 
entry 
page 48 ARC-11B41 

REGENERATIVE 
COOLING 
Transpiration and 
regenerative cooling of 
rocket engine 
page 51 MFS-28251 

RELIEF VALVES 
Three-position cryogenic 
actuator 
page 75 M F5-26265 

REMOTE HANDLING 
Force/torque display for 
telerobotlc systems 
page 30 LAR-1 3727 

REMOTE MANIPULATOR 
SYSTEM 
Chaotic motion of a two­
link planar mechanism 
page 58 NPO-17367 

Oepth percept ion In 
remote stereoscopic 
viewing systems 
page 88 NPO-171 18 

RIBBONS 
Baffles promote wider, 
thinner silicon ribbons 
page 78 NPO-17166 

Reduction of stresses In 
growing silicon webs 
page 30 NPO-17137 

ROBOTICS 
Force/torque display for 
telerobotlc systems 
page 30 LAR-13727 

ROCKET ENGINES 
Adherent thermal barrier 
for combustion chamber 
page 40 LEW-14B40 

Transpiration and 
regenerative cooling of 
rocket engine 
page 51 MFS-28251 

ROCKET FLIGHT 
Computing optimal 
multi arc trajectories 
page 54 MSC·21112 

s 
SCIENTIFIC SATELLITES 
Simulating the gamma· 
ray observatory 
spacecraft 
page 52 GSC·13147 

SHAFTS (MACHINE 
ELEMENTS) 
Forging long shafts on 
disks 
page 79 M FS-28288 

SHELLS (STRUCTURAL 
FORMS) 
Computing stress, 
stability, and vibration of 
shells 
page 52 LAR-13940 

SIGNAL PROCESSING 
Hybrid analog/digital 
receiver 
page 28 N PO· 17262 

Earth Observations and Global Change 
Decision Making: A National Partnership 
National Press Club- Washington, D.C. 
September 18- 19, 1989 

NASA and NOAA, in conjunct ion 
with the Environmental Research 
Institute of Michigan (ERI M), will 
host a major conference on the na­
tional global change program. The 
conference wil l rliscuss the U.S. 
strategy for global change research 
and how th is strategy fits within an 
evolving international effort . It will 
begin a dialog to form a partner· 
sh ip between the federal govern­
ment and various communities 
(research, academia, industry, 
media, publ ic interest groups, and 
policy makers) concerned with 
global change. Scheduled speakers 
include Vice President Dan Quayle 
and Senator Albert Gore. 

For more information, contact: 
Dr. Robert H. Rogers 
ERIM 
P. O. Box 8618 
Ann Arbor, MI 48107-8618 
(313) 994-1200 ext. 3234 
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Polarizers 

The world 's largest variety of optical polarization components. In stock. 
Worldwide. Clan-Taylor, Clan-Thompson , Wollaston, grid-type near-IR, 

phase shift IR mi rrors, polarizing beamsplitters, dichroic sheet, depolari­
zers, Soleil-Babinet compensators, retardation plates. From 215 to 2300nm 

and 10.6 microns. Modifications, 
specials and competitive volume 

prices for the OEM. 

mELLES GillOT 1770 Kettering St . • Irvine, CA 92714 • (71 4) 261-5600 

(anada (613) 226·5880 . France (01) 3460-5252 · Japan (03) 407·3614 · Netherlands (08360) 33041 
Sweden (0764131570 · TaIwan 1035) 775-111 • UnIted Kingdom (0252) 334411 • West Germany 106151) 86331 

Circle Reader Action No_ 517 

ALGOR FEA-Design 
and Stress Analysis $889* 
For 286 or 386 desktop computers 

• Finite Elements: truss, beam, 2-D solid, 3-D 
solid, membrane, plate/shell, pipe, boundary, 
rigid link, non-linear gap, thin and thick shell/ 
plate composites. 

• Stress Analysis: point load, pressure, tem­
perature, accelerations, centrifugal loads, 
deflections. 

• Dynamic Analysis: mode shapes, frequen­
cies, time stress history, resp'onse spectrum, 
direct integration, random vibration. 

: He;! T:i::::1er A~a!y!!!: 2~D!3~O COndllr.tion l 

convection, radiation, heat source, tempera­
ture, steady state and transient. 

• Graphics: 3-D models; hidden line removal ; 
li9ht source shading animation; stress, 
displacement, temperature and flux contours 
w/optional shading; deformations; pan; zoom; 
node/element numbers; color. 

• Modeling: 2-0/3-0 mesh, cylinders, extru­
sions profile-path, warped surfaces; bound­
aries, loads, materials. SUPERORAW II and 
parametric model generation. 

* Full Capability, no size restrictions: 3-D 
drawing, Computer Aided Design, solid 
modeling, deSign visualization , finite element 
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"We call it a skill, this big sheet of aluminum that lines the inside of the 
Delta rocket. 

The specifications say I've got five thousandths of an inch leeway in 
cutting out these triangular pockets on its surface. But I like to get closer 
than that. 

So before I load the skill onto my machine, I go over the whole table 
with a polishing stone. Then I check the numbers after every cut and make 
adjustments as I go. That way I hold my tolerances tighter-to plus or 
minus three instead of five. 

There's a guy down the line that has to do his job with the skin I 
make. I'm just making sure he can rely on me. He's doing his job the same 
way. That's the best way-maybe the only way-to build reliability into 
our rockets." -Joe Hall, Delta Rocket, Numerical Control Machine Operator 

~CDONNELLDOUGLAS 

A company of leaders. 
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