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SETS 
STANDARDS 

R POWER, SPEED, 
PERFORMANCE 

next step in telemetry 
is the System 500 

I Instrumentation. 
our easy-to-use 

ace is more capability to 
e diverse data streams 

process and display data 
real-time, making this the 

standard in telemetry 
ms. 

System SOO's distributed 
rchitecture disperses 

processing and high-
Gigabyte storage within 

system, eliminating host 
r bottlenecks. 

iple color graphics 
tions simultaneously 

nitor data on-the-fly. 

Advanced color graphics, pop
up windows, pull-down 
menus, and mice make it easy 
to set up and view data 
acquisition from multiple data 
streams and sources, including 

° PCM (up to 20 Mb/s) 
° PAM 
° MIL-STD-1SS3 
oDMA 
° Analog and Digital 

More real-time 
processing power. 

Each processor provides up 
to 730K measurements per 
second using a single 20-
MFLOPS numerics processor. 
A single System 500 can 
handle a minimum of 4M 
measurements per second, for 
greater real-time processing. 

Escape laborious microcode 

~~~ 

The next -~ --== 
step in 
TELEMETRY 
SYSTEMS 

System 500 

development with your choice 
of algorithm development 
languages: C, Fortran, and 
direct algebraic entry, and a 
large algorithm library that 
includes data compression, 
EUC, FFT, and PSD. 

A system designed 
for you and your future. 

Buy only the capability you 
need today, and rely on our 
library of acquisition, storage, 
and distribution modules 
when your needs change. 

The System 500 is the new 
standard for 

° power 
° speed 
° performance 
° ease of use 
° flexibility 

Call us at 800-351-8483, ext. 
ASOO (619-560-5888, ext. ASOO) 
to see why Loral's System 
500 is your next telemetry 
system. We're located at 
8401 Aero Drive, San Diego, 
California 92123-1720. 

LDI~L 
Instrumentation 



Mll-(-2430B. Every type 
you need to cover the 
territory. All the support 
you need, right up front. 

Take the initiative, with complete design 
flexibility backed by in-depth technical 
support and on-the-mark delivery. 

Our full AMPLlMITE 24308 line 
of MIL D connectors offers all the options 
you need-including .108" or .090" center
lines, or double-density .075" centerlines. 
Crimp/snap, solder cup, and posted 
terminals. Standard or non-magnetic shells. 
"Rugged Ds" with stainless steel shells. 
All in a wide range of sizes and insert styles. 

AMP and AMPLIMITE are trademarks of AMP Incorporated 

Wide range. 

Star examples: our versions with 
coax/power cavities offer-in addition to 
standard signal contacts-power contacts 
with free-air current ratings to 45 amperes, 
and blind-mate coax contacts that cover 
the range to 260Hz. 

There's much more, and you don't 
have to range very far to get it. To request 
technical literature or local distribution, 
just call the AMP Product Information 
Center at 1-800-522-6752. AMP Federal 
Systems Business Group, Harrisburg, 
PA 17105-3608. 

AIVI P Interconnecting ideas 
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MATLAB 1\1 Version 3.5 

INTRODUCING THE 
SIGNAL PROCESSING TOOLBOX 

• FASTER MATRIX COMPUTATION 
• DIGITAL FILTER DESIGN 
• SPECTRUM ESTIMATION 
• PARAMETRIC MODELLING 
• TIME SERIES ANALYSIS 
• NEW 2-D AND 3-D GRAPH TYPES 

MA TLAB v3.5 is the latest version of the premier 
interactive system for numerical analysis and signal 
processing. Problems and solutions are expressed just 
as they are written mathematically-without traditional 
programming. 

MA TLAB has rapidly become an industry standard for 
digital signal processing research. Its unique interactive 
interface, algorithmic foundation, easy extensibility, 
and speed make MA TLAB the oftware system of choice 
for high productivity and high creativity research at 
thousands of universities, laboratorie ,and companies. 

Over 200 Built-in Functions 

• eigenvalues • I -D and 2-D FFfs 
• least squares • matrix arithmetic 
• cubic splines • multivariate statistic 
• convolution • polynomial arithmetic 
• complex arithmetic • nonlinear optimization 
• IIR and FIR filters • linear equation solving 
• curve fitting • differential equation 
• singular value decomposition, and more 

Version 3.5 adds new 2-D and 3-D plot types, including 
feather plots, error bars, automatic contour labelling, 
and optimized VGA support. 

Fam ily of step responses 

(omputel \ 

.,/ PC and RT Compatibles 

.,/ 80386 Computers 

.,/ Macintosh 

.,/ Sun Workstations 

.,/ Rpollo Workstations 

.,/ URH/ UMS and UniH 

.,/ Rrdent Titan 

.,/ ConueH C- Series 

.,/ Rlliant FH / Series 
v Other Computer s 

Open and Extensible 

Create functions and programs rapidly - without the 
time-consuming compiling, linking, and complex syntax 
of traditional languages. Our open-system philosophy 
gives you access to algorithm so you can edit functions 
or add your own. 

Optional Toolboxes extend MA TLAB with application
specific capabilities, such as control system design, 
parametric modelling, and chemometrics. 

Benchmarks (20 MHz 3a6-based PC) 

50 x 50 matrix mUltiply 
50 x 50 matrix inver e 
50 x 50 eigenvalues 
4096-point complex FFT 

0.71 sec 
1.32 sec 
1.21 sec 
1.16 ec 

Fast, Accurate, and Reliable 

MATLAB 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 results either - the algorithms have been pro
grammed by leading experts in mathematical software 
and are used by leading researchers around the world. 

,----- ---------- -
I Please provide additional information! 
I Name ________________________ ___ 

I Company ___________ _ 
I Dept. ___________ _ 

I Address ___________ _ 

: City, State, Zip ________ _ 

I Country ------------
Telephone - ---------------------

I Computer ______ _________ __ 

The 21 Eliot Street 

WM~ATH South atick, MA 01760 
(508) 653-1415 

Inc. Telex: 910-240-521 
NASA 10/89 _ _____ __ _ ______ -.J 
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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 format is the best 

We make the world~ smallest 9-channel portable Philips 
cassette data recorder. 

And we make a comprehensive line of reel-to-reei 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 format you need from 
TEAC, then it doesn't exist. 

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

TEAC® 
Instrumentation Data Recorder Division. 

@)1989 TEAC AMERICA, INc.. 7733 TELEGRAPH ROAD, MONTEBELLO, CA 90640 (2\3) 'nWlO3 
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Thugh enough 
to position 

the heavy stuff. 

KLINGER'S TCB LINEAR STAGE 
POSITIONS UP TO 450 POUNDS 

OVER 40 INCHES WITH 
PINPOINT ACCURACY. 

The rugged, TCB stage features a rolling 
carriage with two rows of pre-loaded recircu
lating balls for smooth, precise travel under 
heavy loads and over long distances. 
Choose either ball-screw drive for high thrust 
and low friction. Or a lead-screw drive for 
high friction and increased accuracy. An 
optional incremental encoder can be incor
porated for position verification. Easily 
assembled for XY or complex multiaxis posi
tioning, the TCB is available in two module 
widths. With the wider stage on the bottom of 
an XY, twist is significantly reduced. 
For more information call or write Klinger 
Scientific Corporation, 999 Stewart Ave., 
Garden City, NY 11530. (516) 745-6800. 

U.S.A. Beadq1l8l'ters: 
999 Stewart Avenue, Garden 
City, NY 11530(516)745-6800. 
ID CUlfomla: (415) 969-0247. 

Worldwide dlatrlbatloD 
uetwork: Contact Micro
Controle, Evry, France. 
ThJ.33(I)64.97.98.98. 
Fax 33(1)60.79.45.61. 
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Researchers at NASA's Johnson Space Center are developing 
"smart hands" for the Extravehicular Activity (EVA) Retriever, 
an experimental free-flying robot designed to retrieve equip· 
ment or a spacewalking astronaut drifting In separated flight 
near the Space Station. Turn to page 12 • 

DEPARTMENTS 
On The Cover: The 
Dexterous Hand MasterTM, a 
sensor-llned exoskeleton 
that enables remote 
control of robots and 
computers. The device, 
described on page 12, may 
also be used by clinicians 
to diagnose and treat 
diseases and Injuries 
affecting the hand. (Photo 
courtesy EXOS Inc.) 
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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 
l ,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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RG B / Videolink™ 
Scan Converter 

Model1400A 
The Link Between 

Computer Graphics 
and Television Video for 

Video Taping, Video Projection 
and Video Transmission 

• All workstations supported 
• Automatic conversion of input 
signals from 45-80 kHz 

• Real time operation 
• Flicker elimination 
• Composite (NTSC or PAL), S-VHS 
and RGB video outputs 

• Anti-aliasing 
• Full screen conversion 
• Genlock 
• Video overlay capability 
• Full 24 bit color 
• Simultaneous use of computer and 
video monitors 

• Adjustment free operation 
• Made in the USA 

Other models available for IBM I PC and Moc II 

~.~ 
(;JG3[ID 
~ . ., 

TECHNOLOGY 
2550 Ninth Street. Berkeley, CA 94710 

TEL: (415) 848-0180 FAX: (415) 848-0971 
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Get a close 
look at the 
big picture. 

With the 
new HI JetPro™ 
printer/plotter. 

Select your drawing. Preview it 
on your monitor. Zoom in on the 
tightest detail. Clip it, scale it, 
mark a "window." Then press a key 
to get a high-quality hardcopy of 
the segment you want. 

You can do all of this-plus 
high-speed draft and letter-quality 
printing-with one machine: the 
HI JetPro printer/plotter. 

The flexible hardcopy control 
system 

Whether it's an E-size drawing or 
a scanned data file, HI JetPro delivers 
the flexibility you need and the image 
you want. With HI's JetPro, you have 
a complete hardcopy control system 
that includes hardware and software 
for high-speed, high-resolution 
printing and plotting-in both vector 
and raster environments. 

Convenient, quiet, and 
precise 

HI JetPro produces 
your images on ordinary 

paper, in sizes up to 16.5 x 23.3 
inches (DIN A2), with the incredibly 
sharp clarity of 360 dpi. And 
because it's a bubble-jet, it prints 
and plots quickly and quietly. 

Simple to use and easy to maintain, 
the HI JetPro printer/plotter is fully 
backed by Houston Instrument's 
reputation for price-performance, 
quality, and support. 

To get a closer look, call 
1-800-444-3425 or 512-835-0900. 

HOUSTDN 
TNSIRUMENl: 

A DIVISION OF \MBnK 
8500 Cameron Road, Austin, TX 78753 

Houston Inslrllment and HI JelPro are 
trademarks of AMETEK. Inc. 



lewProduclldeas 
New Product Ideas are Just a 
few of the many Innovetlons 
described In this Issue of NASA 
Tech BrI.,. and having promising 
commercial eppllcatlons. 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 the .. or other NASA 
Innovations, you can receive fur
ther technical Information by re
questing the TSP referenced at 
the end of the full-

length article or by writing the 
Technology Utlllzetion OffIce of 
the sponsoring NASA center (see 
page 18). NASA's petent-llcenslng 
program to encourege commer
cial development Is described on 
page 18. 

Aligning Plasma-Arc 
Welding Oscillations 

Subminiature Hot· 
Wire Probes of 0.63 J.dTl and lengths of 200 J4T1. The 

smaller sizes yield improved resolution in 
measurements of practical aerodynamic 
flows. (See page 40). 

A tool aids in the alignment of the oscil
lator probe on a variable-polarity plasma
arc welding torch. This simple, easy-to-use 
tool improves weld quality. (See page 68 ). 

A class of improved subminiature hot
wire flow-measuring probes has been de
veloped. The sensing portions of the wires 
in the new probes have a typical diameter 

10 

With J!I 
~ 

you get. .. 
.. . full X11 Release 3 functionality while retaining the use of your 
desktop 286® or 386® PC, 

... X Windows capability within a Microsoft® Windows environment, 

.. . system responsiveness comparable to expensive workstations, 

... and the freedom to switch display monitors to suit your application 

Priced at $395 
To Order your copy, 
CALL (714)978-6776 
FAX (714)939-0746 

:g-~ Integrated 
_ ___ Inference 
=-- 7" = Machines 

X111AT is a trademark of integrated inference Machines. inc. 1468 E. Kateiia Avenue. Anaheim. CA 92805. 
286 and 386 are trademarks of intei Corporation. Microsoft is a trademark of Microsoft Corporation. 
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Jig Aligns Shadow 
Mask on CCO 

An alignment jig positions a shadow 
mask on a charge-coupled device so that 
a metal film can be deposited on it precise
ly. The jig holds the device securely and 
isolates it electrostatically while providing 
electrical contact to each of its pins. (See 
page 70). 

Ozone/Ultraviolet· 
Photo-oxidation Reactor 

An experimental chemical-processing 
system destroys waste hydrazine in water 
by use of ozone in an ultraviolet-photo-oxi
dation reactor. The new process reduces 
the concentrations of hydrazines and in
termediate decomposition products in the 
effluent liquid and gas to below the limit of 
detectability. (See page 50). 

Gland With Cantilever Seal 
A single-piece gland forms a tight seal 

on a probe or tube that contains liquid or 
gas at high pressure. The gland and probe 
align themselves as they are assembled 
by a simple torquing procedure. Conven
tional pressure fittings for probes consist 
of two to four pieces and require more
complicated assembly. (See page 56). 

Caldron for High· 
Temperature Alloys 

An induction-heated caldron melts high
temperature alloys. The caldron can lique
fy 200 grams of the solid metal compo
nents of an alloy like niobium aluminum 
and make the alloy homogeneous in less 
than 3 minutes. (See page 69) . 

Controlled·Turbulence 
Bioreactors 

Two versions of a bioreactor vessel pro
vide steady supplies of oxygen and nutri
ents with little turbulence. One has kept 
human kidney cells alive for as long as 11 
days. This version cultures mammalian 
cells to a density of 1.4 x 106 cells/cm3 for 
as long as 15 days. (See page 74). 
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Hand Master Controls 
"Smart" Machines 
Using the latest computer and 

sensor technologies, scien
tists are creating "smart " 

robotic hands that can grasp and 
manipulate objects with human-like 
finesse. To make these machines 
widely and commercially applicable, 
a simple, easy-to-use method for con
trolling them is needed. Presently, 
dexterous devices such as the Utahl 
MIT and Stanford/JPL robot hands 
are controlled through software pro
grams, which are often difficult and 
time-consuming to develop. 

One promising alternative is the 
Dexterous Hand Master™ (OHM), a 
high-preciSion sensor system that 
enables robots to emulate human 
hand gestures. Marketed by EXOS 
Inc. of Lexington, MA, the OHM is the 
first commercial system that accu
rately tracks the complex motions of 
the human finger joints. It consists 
of a metal exoskeleton that fits over 

12 

the user's hand and connects to an 
AT-compatible microcomputer. At
tached to each finger jOint is a Hall 
Effect sensor, a tiny semiconductor 
device that changes its signal output 
voltage in proportion to the magnetic 
field it is experiencing . As the hand 
moves, the sensors measure the jOint 
angles. The computer translates the 
sensor data into position control 
commands which are transmitted to 
the robot. 

"The exoskeleton master will allow 
researchers to study robotic tasks 
before they invest the time, effort , 
and resources in developing auton
omous programs," said Dr. Beth 
Marcus, President of EXOS. "If I want 
a robot hand to pick up a glass, for 
instance, it could take me six months 
to write the software to do that one 
task, and I don 't even know if it will 
work until I'm finished and turn it on. 
Whereas with the exoskeleton, on 

g day one I can pick up the glass and 
;;; the robot will do the same. I might 
~ discover that the shape of the robot's 
~ fingers is such that it can only pick 
~ up the glass in a certain way. If I then 
g decide to go ahead and program the 
9 robot to be autonomous, at least I 
2 won 't be working in the dark; I' ll ai
el. ready know the robot 's capabilities 

and limitations." 
A Handy Tool 

The first OHM system was devel
oped in 1986 at Arthur D. Little (ADL) 
Inc., under Dr. Marcus' direction. She 
conceived the idea for the exoskele
ton while designing an anthropomor
phic robot hand for use with a NASA 
space suit. " I thought it would be 
extremely useful to have a master 
controller that would allow the robot 
to perform many different tasks," 
Marcus recalled . "Our research group 
found that there were no devices like 
this available for purchase, so we de
cided to build our own ." USing the 
NASA design project as a knowledge 
base, ADL researchers created a 
two-finger prototype, followed by a 
four-finger model with 16 degrees of 
freedom . 

In 1988, Dr. Marcus formed EXOS 
and began marketing the Dexterous 
Hand Master under license from ADL. 
Initial customers included NASA, the 
Department of Defense, and AT&T 
Bell Laboratories. 

NASA's Johnson Space Center ac
quired a DHM to manipulate the end
effectors of an Extravehicular Activity 
(EVA) Retriever, a free-flying robot 
now in the early stages of develop
ment that will "fetch " equipment and 
tools, as well as astronauts, that ac
cidently separate from the Space Sta
tion. "The exoskeleton is helping us 
learn how to move the robot's fingers 
so that it can grab a floating object 
and hold it securely," explained Cliff 
Hess of the Johnson Center's Special 
Projects Branch. 

Scientists at NASA's Ames Re
search Center plan to use a new 
five-fingered version of the DHM in 
conjunction with the Virtual Worksta
tion , a head-mounted display system 
that combines three-dimensional 
graphics and sound to produce an 
"artificial reality ." The DH M will serve 
as an input device, enabling the wear
er to manipulate the graphic images 
as if they were real objects. Applica
tions include cockpit simulation , in 
which pilots fly virtual aircraft by 
maneuvering computer-generated in
struments, and telepresence, the pro
jection of human capability to distant 
locations. In one scenario, Space Sta
tion astronauts would use the Virtual 
Workstation and OHM system to re
motely contr01 robots on the moon. 
Explained Scott Fisher of Ames ' 
Human Interface Research Branch: 
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OVER THE 30-YEAR PIANNED GROwrn OF THE SPACE STATION, A SOIAR 

DYNAMIC POWER SYSTEM CAN SAVE OVER $3 BILliON, COMPARED TO CONVEN-

TIONAL SYSTEMS. 

TRANSIATION: AFFORDABLE POWER FORA WIDE SPECTRUM OF MILITARY 

AND COMMERCIAL APPLICATIONS. DEVELOPED WITH NASA A CLOSED BRAYTON 

CYCLE DESIGN SUPPORTED BY 220 MILLION HOURS OF TURBINE EXPERIENCE. 

UNAFFECTED BY ZERO GRAVTIY OR THE COLD EMPTINESS OF SPACE. UNRIVALED 

FOR EFFICIENT ENERGY CONVERSION. 

A LIGHTER PAYLOAD SPECIFIC WEIGHT AT IAUNCH, THE POTENTIAL FOR 

MORE KILOWATfS IN ORBIT. LESS SURFACE AREA FOR LESS DRAG AND REUABIL-

ITYTHAT EXCEEDS THE liFE OF ANY SPACE STATION OR SPACE PIATFORM. 

• 1300 WEST WARNER ROAD TEMPE AZ 

85284 (602) 893-4421. WHERE THE ULTIMATE EFFICIENCY IS REUABILI1Y. 

Allied-Signal Aerospace Company 
411ied 

Signal 



"The astronaut would feel as if he 
were right there beside the robot , 
guiding its hands to collect rock 
samples or to operate a piece of 
mining equipment ." 

The Hand Master's utility as an in
put device extends to CAD worksta
tions and PCs. Dr. Marcus hopes to 
produce a lightweight plastic exo
skeleton that would allow computer 
users to bypass the keyboard and 
manipulate screen images directly, 
usin g hand movements . " You'd be 
able to perform complex maneuvers 
that aren 't possible with a mouse," 
said Marcus . " You could rotate a 

The exoskeleton can be used to study 
the Interaction of products with the 
hand. Photo courtesy EXOS Inc 

The EVA Retriever would " fetch " as
t ronauts and tools that become sep
arated from the Space Station during 
EVA maneuvers. 

graphic object in two directions at 
the same time and change its color 
- all with a single gesture." 
A New Invention 

EXOS has developed a spinoff of 
the OHM technology which employs 
Hall Effect sensors to measure wrist 
motion and thin-film force sensors to 
map pressure distribution on the 
hand . Called the GripMaster™, this 
system will aid clinicians in diagnos
ing and treating diseases and injuries 
affecting the hand . It may also prove 
useful for studying the interaction of 
the hand with tools, machinery, and 
consumer products - from aerosol 
sprays to toothpaste . 

" Designers could apply the Grip
Master data to improve the packag
ing of products so they 're easier 
for the elderly or impaired to open 
and handle, " said Marcus, " and they 
could develop tools that are just the 
right size and shape to fit comfort
ably in the hand." 

Analysis of the hand and its inter
play with various objects will benefit 
future robotics research , according 
to Dr. Marcus. " As we learn more 
about the human hand and its ca
pabilities, " she said , " we 'll be able 
to build better, smarter mechanical 
hands. " D 

For further information on smart robot 
hands, see NASA Tech Briefs Vol. 11, 
Num. 9. For more on Virtual Workstation 
technology, see NTB Vol. 12, Num. 7. 
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1 HERE'S 
ONLY ONE 

1HINGTOSAY 
ABOUfTOTAL 
INFORMATION 

SOLUTIONS. 

Whether the application involves space exploration, 
earthquake detection, oceanic engine~ring, or just abOut 
anything related to infolmation management, Federal 
information resource managers know who to tum to. 

Oracle. 

That's because Oracle software performs on virtually all 
types of hardware and operating systems. Fully compati
ble with indusny standards, Oracle software makes 
information transparent, and helps you avoid cosdy 
conversions. 

But there's more to Oracle than sinlply software. Our 
staff and consultant network support you every step of 
the vvay, from requirements analysis and training to sys
tem and network design and implementation. That's 
what total solutions are all about. 

For more information and a free brochure, call 
1-800-345-DBMS, ext. 6768. 

By the vvay, there's one more thing to say about total 
information solutions: Authorized ADP Schedule Price 
list Contract No. GSooK 88 AGS 5937. 
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® 

FEDERAL DIVISION 
Compatibility. Portability. Connectability. Capability. 

Oracle Federal Division 
3 Bethesda Metro Center, Suite 1400 

Bethesda, MD 20814 
ORAa.E Is a registered trademark of Ordde Corporation. 

Copyright" Oracl. Corporal ion 1989 
All Right> Reserved Printed in the U.S.A. 
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HOW YOU CII BEIEFIT If you 're a regular reader of TECH BRIEFS, then you're already 
making use of one of the low· and no-cost services provided by 
NASA's Technology Utilization (TU) Network. But a TECH 
BRIEFS subscription represents only a fraction of the technical 
Information and applicatlonslengineering 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 tip of the iceberg. 

F.IISI's 
TECHIOLOGY 
unullnol 
SERVICES 

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 nationwide network offering a broad range 
of technical services, including computerized access to over 100 million documents worldwide. 

YoU can contact NASA's network of Industrial Applications Centers (lACs) for assistance in solving a speCific technical problem or meeting your 
Information needs. The " user friendly" lACs are staffed by technology transfer experts who provide computerized information retrieval from one of 

the world 's largest banks of technical data Nearly 500 computerized data bases, ranging from NASA's own data base to Chemical Abstracts and INSPEC, 
are accessible through the ten lACs located throughout the nation . The lACs also offer technical consultation services andlor linkage with other experts 
in the field . You can obtain more Information about these services by calling or writing the nearest lAC. User fees are charged for lAC information services. 
Aerospace Research Research Triangle Park, NC 27709 NASA/UK Tachnology NASA Industrial Applications 
Applications H. Lynn Reese, Director Applications Program Center 
Center (ARAC) (919) 549·0671 University of Kentucky University of Southern California 
Indianapolis Center for Advanced NASA Industrial Applications 109 Kinkead Hall Research Annex 
Research Ctr. 823 William Pitt Union Lexington, KY 40506·0057 3716 South Hope Street 
611 N. Capitol Avenue University of Pittsburgh William R. Strong, Director Los Angeles, CA 90007·4344 
Indianapolis, IN 46204 Pittsburgh , PA 15260 (606) 257·6322 Robert Stark, Director 
Dr. F. Timothy Janis, Director Dr. Paul A. McWilliams, NERAC, Inc. (213) 743-6132 
(317) 262·5036 Exec. Director One Technology Drive (800) 642·2872 (CA only) 
Rural Enterprlses,lnc. (412) 648·7000 Tolland, CT 06084 (800) 872·7477 (toll ·free US) 
Central Industrial Applications NASA/Southern Technology Dr. Daniel U. Wilde, PreSident NASA/SU Industrial Applications 
CantarlNASA (CIAC) Applications Center (203) 872·7000 Center 
P.O. Box 1335 Box 24 Technology Application Center Southern University Department 
Durant, OK 74702 Progress Ctr., One Progress Blvd. (TAC) of Computer Science 
Steve R. Hardy, President Alachua, FL 32615 University of New Mexico P.O. Box 9737 
(405) 924·5094 J. Ronald Thornton, Director Albuquerque, NM 87131 Baton Rouge, LA 70813·9737 
North Carolina Science and (904) 462·3913 Dr. Stanley A. Morain, Director Dr. John Hubbell, Director 
Technology Research Center (800) 354·4832 (FL only) (505) 277-3622 (504) 771 ·6272 
(NC/STRC) (800) 225·0308 (toll·free US) 
Post Office Box 12235 

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 disciplines, the Application Team works with public sector organizations to identify and 
solve critical problems with existing NASA technology. Technology Application Team, Research Triangle Institute, P. O. Box 12194, Research Triangle 
Park, NC 27709. Oorls Rouse, Director, (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 facilitate 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). If a TSP is not available, 
you can contact the Technology Utilization Officer at the NASA Field Center that sponsored the research . He can arrange for assistance in applying the 
technology by putting you in touch with the people who developed It. If you want information about the patent status of a technology or are interested 
in licensing a NASA invention, contact the Patent Counsel at the NASA Field Center that sponsored the research. Refer to the NASA reference number 
at the end of the Tech Brief. 

Amas Research Ctr. 
Technology Utilization 
Officer: Laurance Milov 
Mail Code 223·3 
Moffett Field, CA 94035 
(415) 694·4044 
Patent Couns~l: 
Darrell G. Brekke 
Mall Code 200·11 
Moffett Field, CA 94035 
(415) 694·5104 
Lewis Research Center 
Technology Utilization 
Officer: Harvey 
Schwartz (acting) 
Mail Stop 7·3 
21000 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 GA·oo 
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 
Mail Code 279 
Hampton, VA 23665 
(804) 864·3523 
Goddard Space Flight 
Center 
Technology Utilization 
Officer: Donald S. 
Friedman 
Mail Code 702.1 
Greenbelt, MD 20771 
(301) 286·6242 
Patent Counsel: 
R. DenniS Marchant 
Mall Code 204 
Greenbelt, MD 20771 
(301) 286·7351 

A Shortcut To Software: COSMICiL- 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 publishes an annual 
software catalog. For more Information call or write: COSMI~ 382 
East Broad Street, Athens, GA 30602 John A. Gibson, Dir., (404) 
542·3265 
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Jet Propulsion Lab. 
NASA Resident Office 
Technology Utilization 
Officer: Gordon S. 
Chapman 
Mall Stop 180·801 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354·4849 
Patent Counsel: 
Paul F. McCaul 
Mall Code 180·801 
4800 Oak Grove Drive 
Pasadena, CA 91'09 
(818) 354·2734 
Technology Utilization 
Mgr. for JPL: Dr. Nor· 
man L. Chalfin 
Mail 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, 
AL 35812 
(205) 544·2223 
Fax (205)544·3151 
Patent Counsel: 
BII/Sheehan 
Mail Code CC01 
Marshall Space Flight 
Center, 
AL 35812 
(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 Headquarters 
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 rechnology 
Utilization Network and its services and documents. The STI staff sup· 
plies documents and provides referrals . Call , write or use the feedback 
card in this issue to contact : NASA Sclantlflc and Technlcallnforma
tlon Facility, Technology Utilization Office, P.O. Box 8757, Baltimore, 
MD 21240·0757. WalterM. Heiland, Manager, (301) 859·5300, Ext. 242, 
243 
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To lllake the 
right choice in 

spectrulll 
analyzers, 

you can collect 
all this 

or call for this. 

1989 HewIett·Packard Co. TMSAD923/NT 

You simply wouldn't make a spec
trum analyzer decision without 
up-to-date information. But a lot 
has happened since your last look 
at spectrum analyzers. And its 
not easy to get all the data. 

The best way to catch up is to get 
HP's new Spectrum Analyzer 
Selection Guide. It gives you side
by-side comparisons ofHP's full 

line. Including 10 new analyzers. 
You'll find details on our new built
in tracking generators, memory 
cards, and a new color display. All 
in a format for comparing price 
and performance in terms of your 
applications. 

Make sure your next analyzer 
decision is based on the latest 
facts. Call1-BOO-752-0900 today. 
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St:>ectrum Analyzer 
Selection Guide 

Ask for Ext. 123B and we'll send 
your FREE selection guide right 
away. Or, mail the reply card today. 

There is a better way. 
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Q-Switch for Self-Injection Locking of Laser 
~~The spectral width and pulse time would be regulated. 

Langley Research Center, Hampton, Virginia 
A proposed scheme for improved elec-

tro-optical switching (Q switching) of a 
pulsed, self-injection·locked laser involves 
the sensing of and compensation for the 
level of the pumping light. The scheme 
would decrease the spectral width of a 
laser pulse and make it independent of the 
pumping level, at least to first order. Such 
Independence is desirable because the 
degree of spectral narrOlNing of the emit
ted radiation is heavily dependent on the 
level of the pumping light, which is usually 
highly variable. Because the time of evolu
tion of the pulse also depends heavily on 
the pumping level, the proposed scheme 
would also be beneficial in reducing jitter. 

As in other Q-switched, self-inJectlon
locking schemes, the laser is operated in a 
high·loss condition during the initial evolu
tion of the pulse. During this time, the light 
makes many round trips through the laser 
resonator. On each round trip, the spec
trum-narrOlNing optical elements operate 
on the radiation in the pulse. M increase in 
the Ioos, and thus the nurrber of round trips, 
decreases the spectral width of the pulse. 
Once a small laser pulse has evolved in a 
high·loss condition in the laser resonator, 
the optical configuration of the resonator is 
switched to one of lOIN loss. In the lOIN-loss 
state, the majority of the energy is ex
tracted in im efficient manner while retain
ing the narrOlN spectral width of the initial 
pulse. 

The problem is to control the moment of 
switching and/or the level of loss during the 
initial high-loss period. In the new scheme, 
the solution is to regulate the amount of 
loss during the initial high·loss period in 
response to the measured level of pump
ing in such a way that the time of evolution 
of the pulse and the number of round trips 
is maintained nearly constant from pulse to 
pulse. 

As shown in the figure, a photodicde or 
other detector 'M)uld be exposed to the 
fluorescence emitted by the laser medium. 
This fluorescence v.ould be directly pro
portional to the population of the upper 
laser level and, thus, to the effective pump
ing level. A spectral filter could be used in 
20 
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The Amplified Output of the Photocietector would be applied to the a·swltch to regulate the 
level of loss In response to the level of pumping light. 

front of the optical detector to reject the un· 
wanted background radiation. The output 
of the detector would be amplified, typical
ly by an amplifier that has a large voltage 
gain. 

The output from the amplifier would be 
applied directly to an electro-optical Q. 
switch in addition to the main Q-switch
driving voltage to obtain a total Q-switch· 
driving voltage that varies the level of loss. 
To increase the accuracy of control, the 
amplified voltage could be applied in addi· 
tion to a de voltage. With this arrangement, 
the loss could be approximated by a linear 

relationship rather than a direct propor
tionality. If better regulation of loss were re
quired, a nonlinear amplifier could be used. 

This oor/( was done by Norman P. Bames 
of Langley Research Center. For further 
information, Orcle 94 on the TSP Request 
Card. 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent 
Counsel, Langley Research Center [see 
page i 6}. Refer to LAR-13772 
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Integrated Semiconductor/Opticallnformation Processors 
Optical, electro-optical, and electronic devices would be 

~J integrated into three-dimensional structures. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
Optical information processors of a pro

posed new type would be made of integrat
ed three-dimensional devices that 'NOUld 
include optical, electro-optical, and elec
tronic devices. The integration would be 
achieved by a combination and extension 
of advanced semiconductor (integrated
circuit) and integrated-optics technology. 
The development of the new processors 
could lead to the miniaturization of sophisti
cated optical information-processing sys
tems. 

The figure illustrates the concept of an 
integrated device that would perform ma
trix'vector multiplication. This device would 
combine two separate components of a 
previously demonstrated system for ma
trix·vector multiplication: an electrically-ad
dressable spatial light modulator that gener
ated the light-and.<Jark matrix pattern, and a 
thin chip of GaAs, in which the multiplication 
was performed by degenerate four-wave 
mixing via the photorefractive effect. In the 
integrated device, the spatial light rnodJla
tor would be fabricated on the surface of the 

b = M·. 

Resultant 

Coherent Beams 
From a Laser 

OPTtCAL MATRtX.VECTOR 
MULTIPLICATION 

chip. 
Because the photorefractive portion of 

the device would constitute an all-optical 
processor, its inputs and control signals 
would have to be spatially modulated 
beams of light, which could be generated by 
other optical processors or by the elec
trically addressable spatial light modulator 
on its surface. Several types of spatial light 
modulators could satisfy the requirements 
for speed (a frame rate ~ 1,000 Hz) and 
compatibility with lasers that have wave
lengths suited to the photorefractive effect. 
The logical choice for integration is semi
conductor spatial light modulators on sem
iconductor processors. Candidate super
lattice spatial light modulators of this type 
include GalnAsIGaAs, GalnAsllnP, and 
HgCdTelCdTe. 

The simplistic approach to integration 
is to miniaturize the established com
ponents, but this is not likely to exploit the 
full potential of the new concept. A more 
promising approach would be to use holo
graphic patterns generated by computers 

Input Vector 

a, a2 a3 

I 

INTEGRATION 

and electron-beam lithography to make 
holographic patterns on surfaces and in· 
terfaces. These patterns could not only 
provide the functions of conventional 0p
tical components but could also create 
novel applications. 

This work was done by U-Jen Cheng of 
Caltech for NASA's Jet Propulsion La~ 
oratory. For further information, Circle 154 
on the TSP Request Card. 

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

Edward Ansell 
Director of Patents and Ucensing 
Mail Stop 3066 
California Instftute of Technology 
1201 East California Boulevard 
Pasadena, CA 91125 

Refer to NPO-17533. volume and number 
of this NASA Tech Briefs issue. and the 
page number. 
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GaAs Processing Crystal 
Integrated With Electrically· 
Addressable Spatial Light 
Modulator for Matrix Input 

An Integrated Device has been proposed to perform the functions of two separate devices in a previous optical matrix'vector multiplier. 
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" IT'S 
SLIPPERIER 

THAN. 
TEFLON" WHY BUY A NEW CAR 

WHEN YOU DON'T HAVE TO? 

You've seen the price of new cars ... they 
go up every year! Cars get flimsier ... 
prices get higher. .. ~ never seems to end. 
There are lots of reasons to keep that nice 
car of yours on the road as long as pos
sible. 

Now it's easy to make your engine run 
better, last longer Just add TUFOIL to 
the crankcase. You don't have to shake 
the container or add an engine flush. Just 
pour ~ in and drive away. 

Your throttle will get silky smooth ... ac
celeration will imprCNe. One customer 
said his car 'takes off like a scared rabbit!· 

TUFOIL works wonders for all known en
gine oils . It's actually slipperier than 
Teflon®. (according to a famous US 
goverment laboratory.) 

You'll get astonishingly fast starts on 
cold mornings with both diesels and gas 
engines. The Canadian government 
tested TUFOIL at ~'s cold regions lab. 
They showed faster cranking and sig
nificant fuel savings w~h TUFOIL. 

I keep getting telephone calls from 
owners of very expensive German 
diesels wanting to buy stock in our com
pany. They say their diesels are ac
celerating like nothing they've ever seen 
before. One said he doesn't have to down 
shift any more on an annoying hill in his 
area. 

Your car can have more power like 
that too. 

What about additives that claim to be 
one time treatments that will last the life of 
an engine? Well, I've been following the 
scientific literature on lubrication for a very 
long time. As far as I know, there isn't a 
shred of scientific evidence for such a 
claim. So don't believe itl 

USE Tufoi/® 
AND YOUR ENGINE 
WILL LAST ... AND 

LAST ... AND LAST! 

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

If you don't notice quieter-smoother 
operation,quicker start ing ,snappy ac
celeration.Just send us proof of purchase 
with a note describing the year and make 
of your carWe'li refund your money im
mediately-

Send for TUFOIL today and prove to 
yourself the amazing increase in your 
car's performance. Fin in the coupon 
today or call TOLL-FREE any time, 24 
hours a day. 

Su, Ut, ~ I4I/d ~ e4J 
Engines last longer with TUFOIL. . Our 

1976- 476 T-Bird is now at 190,000 miles 
and purring. 

A bunch of customers' cars have now 
passed 250,000 miles. 

Several months ago, a nice man I'd 
never seen before walked into my office, 
big smile on his face, sat down and said 
Would you believe 340,000 miles on ~ 
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. 

It made me very proud. 
Recently, a truck driver called in with 

over 1,000,000 miles on a diesel using 
TUFOIL - Wow! 

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 
now!' , he said . 
5MB owners are writing letters praising 

TUFOIL in their 'NINES' magazine. They 
report spectacular improvements in their 
engines and transmissions! 

Don't forget! 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 other lubricant even comes close 
One custom~r put it nicely when he said, 

'You can hear it .you can feel ~!' 

PS-Our loyal customers wrote this ad 
for us. Its full of their comments ! 

1-800-922-0075. 'A' 
(in New Jersey, call 201-825-8110.) ~ 7~ I 

... -b:;:d'~rnFOlue7h~I~y~~~--------------------------
l one with each order of 2 bottles or a quart. Check 2 for each I~ ~ Fluoramics, Inc. NTB· 108 
I gallon order. Values range from $3.98 to $9.95. I11M' rush my TUFOIL order: .:J 103 Pleasant Avenue 
I 0 TUFOIL Gun-Coat - Super rust inhibited, smooth action I 0 ON$~: ~~ . (b~ttle$'3"5toreaht one car for Upper Saddle River, N.J. 07458 

o TUFOIL Compu-Lube - Low VISCOSity for computer . pus . S Ippmg and 
I h · . I handling). See money back My check or money order for S -- IS enclosed. mec an Isms Charge my credit card. 
I 0 !UFOIL Lightning Grease - Easily sheared grease for I guarantee. 0 Am Express 0 MasterCard 0 Visa 

Instruments . 0 TWO 8 oz. bottles ... treat two cars 
o TUFOIL Lublt -8 - General purpose, household use I for $25.00 (plus $4.00 shipping 

I lubricant I and handling) SAVE $6.00 
I FREE brochures ... 

o 30 Questions/Answers about TUFOIL I 
I 0 "Fun with Superconductors"-we're leading that field I 
I too! I 
I 

See NASA Tech Brief. for technical detaill, 
1986, 1987 and 1988. 

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

o ONE GALLON . .. treat 16 cars for 
$125.00 (plus $6.00 Shipping and 

Card No. ___________ _ 

Exp. Date __________ _ 

Signature __________ _ 
Name _____________________ ___ 

Address ___ ---=--'--....:..:. _____ _ 

City _ ___________ _ 

I "'1987 Fluoramicl, Inc. 
FLUOH f. IS l eg T M Of tel Am.flClSInC. 

I ~5~~9t·I~Sr;:TT: o~IF~=1~5 
handling.) Stale Zip _____ _ 

I ~~ ~::~: ~ : ~~: ~j~ 
us PalenlNo 3933656 

I Other U 5 Patents ISSUed and pena1ng .... --------
. We ship w ithin days! (N.J. residents please add 6% sales tax). 

I 'over the Single bottle price BIG SAVINGS C.n.dl.n Distributor: 1-800·383-7753 

--~------------------------Circle Reader Action No. 364 



Piezoelectrostatic 
Generator 
High voltage is generated 
by compact, lightweight 

~J equipment. 

Marshall Space Flight Center, 
Alabama 

An improved variabl~citance elec
trostatic generator puts out high pulsed di
rect Qn effect, rectified alternating) voltages 
at currents greater than those usually 
obtainable from electrostatic generators. 
The generator is light in weight and relatively 
compact because it relies on the piezo
electric effect to convert mechanical en
ergy directly into electrical energy and 
contains neither transformers nor bulky 
high-voltage rectifiers. Unlike some other 
variable-capacitance electrostatic genera
tors, the piezoelectrostatic generator re
quires neither an external power supply to 
charge, nor a vacuum to insulate, its elec
trodes. 

The heart of the piezoelectrostatic gen
erator is a stator composed of multiple pi
ezoelectrostatic capacitive elements shaped 
somewhat like slices of pie (see Figure 1). 
Each element contains two piezoceramic 

Electrodes 

VIEW ALONG AXIS 

Applied Axial Force 

! ! Outer 
Insulation 

Dielectric 
Layer 

1----..--:::::::::-Plezoceramlc 
Elements 

SECTION A-A 

Dielectric 
Layer 

Figure 1. Plezoelectrostatlc Elements are, in effect, capacitors that generate their own volt
ages when stressed. They are connected in parallel and cyclically stressed at their inner tips 
to produce electricity. 

Numerical Algorithms Group 
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NAG Fortran Library products enable you to spend your time and talents on genuine 
problem solving, not software development. 200 experts, recognized worldwide as the 
leaders in their fields, create the solutions in the NAG Library. The accuracy, perfor
mance, and total capabilities of NAG software are unmatched in the industry. Take 
advantage of NAG's expertise in any of these fine products: 

NAG FORTRAN LffiRARY 

More than 700 user-level routines covering the 
principal areas of mathematics and statistics. 
Available on over 90 different compute~ from 
PC's to supercompute~. 

NAG GRAPIDCAL SUPPLEMENT 

A convenient and ve~atile means for display
ing numerical results generated by the Library. 
A facility not available with other libraries. 

NAG ONLINE SUPPLEMENT 

An interactive query system enabling the user 
to make maximum use of the NAG Library. 
The Online system provides hints on choice of 
routines, syntax assistance, and other forms of 
help. 

NAG VECPAR_77 

An interactive CASE tool for vectorizing and 
paralleliziog Fortran programs. Attain perfor
mance improvements beyond what optimizing 
compilers may provide. Ideal for "rejuvenating" 
older applications. 

NAG Ada Library 

The fi~t commercially available math library 
designed and written completely in Ada. Shor
tens the development cycle for embedded math 
operations in Ada programs. 

GENST A T and GUM 

lnteractive statistical analysis systems used for 
data exploration, linear modelling, time series 
analysis ... useful applications in statistical qual
ity control and product survival analysis. 

THE NAG PRODUCT LINE OFFERS 
NUMERICAL AND GRAPllCAL ALGORITHMS 
FOR MANY SCIENTIFIC AND ENGINEERING 

APPLICATIONS INCLUDING: 

• SIGNAL PROCESSING • COMPUTATIONAL CHEMISTRY 
• OPERATIONS RESEARCH • ECONOMETRIC MODELS 
• APPLICATIONS DEVELOPMENT • STATISTICAL ANALYSIS 

NUMERICAL ALGORITHMS GROUP 1400 Opus Place, Suite 200 Downers Grove,lL 60515-5702 (312) 971-2337 FAX: (312) 971-2706 
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3D Laser Imaging 
in a Practical Package 

The Odetics 3 D Laser Imaging System 
provide versatile machine vision for a variety 
of applications. 

The sy tern provides high quality 
concurrent range and video image with an all 
digital output. 

The compact, lightweight, low power~ 

consumption unit is self contained and ready 
for immediate installation. It robu t 
construction and reliable performance 
independent of ambient illumination, make it 
suitable for many demanding applications. 

To leam more about the Odetic 3D Laser 
Imaging Sy tern, call our vi ion expert today. 

Circle Reader Action No. 346 

Odetics 
Advanced Intelligent Machines Division 

ISIS outh Manche ter Avenue, Anaheim, alifomia 92 02-2907 
71475 -0300 TLX 3716642 Fax 714491-9 5 



Rod That Stresses 
Stator 

Solenoid 

Stator Housing 

Magnetlca"y 
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Piston 
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Housing (Two Pieces) 

PIEZOELECTROSTATIC GENERATOR WITH ELECTROMAGNETIC ACTUATOR 

ac Power 
Source 

Left Solenoid 

Right Solenoid 

ACTUATOR CIRCUIT 

Plezoelectrostatlc 
Generator 

Load 

GENERATOR-AND-LOAD CIRCUIT WITH SYNCHRONIZED 
SWITCHES AND SHORTING DIODES 

Figure 2_ An Electromagnetic Actuator includes two opposing solenoidal electromagnets, 
which apply alternating axial stress to the multiple-element piezoelectrostatic stator shown 
in Figure 1. The electronic switches in the circuit shown at the bottom are synchronized with 
the applied force. 

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. 

SEU in an Advanced 
Bipolar Integrated Circuit 
Vulnerability to SEU varies 
with size and applied current. 

26 

A report summarizes an investigation of 
single-event upsets (SEU) (changes in logic 
states caused by cosmic rays and the like) 
in a bipolar integrated-circuit set of flip
flops (memory cells). The device to be test
ed was made by the advanced digital bip<r 
lar silicon process of Honeywell, Inc. The 
device was a circuit chip containing 4 cells: 
a minimum-geometry cell (linear scale 
1 x) and 3 cells of linear scale 2 x , 4 X , 
and 10 X (areal scales of 1 X , 4 x , 16 X , 
and 100 x, respectively). The emitter 

strips connected in series between two 
outer electrodes, insulated from the elec
trodes by two dielectric strips. The ele
ments are mounted in cantilever configur
ation and connected in parallel to combine 
the piezoelectric currents generated in all 
of them. 

AIl alternating axial force tending to 
bend the piezoceramic elements is applied 
to the inner tips of the elements; for exam
ple, by supplying a sinusoidal voltage 
through diodes to altemate solenoidal ac
tuators as shown in Rgure 2. By the piezo
electric effect, the bending stresses in
duce electric charges on the opposite 
faces of the elements. 

While the bending force rises from zero 
to maximum during the first half of each 
half cycle, diodes and switches synchro
nized with the applied-force signal short
circuit the electrodes together to allow 
electric charges to flow between them and 
balance the charges on the piezoceramic 
elements. When the stator reaches maxi
mum flexure, the maximum charge has 
been stored in the eleCtrodes. The elec
trodes are then disconnected from each 
other, and then the stator is allowed to re
lax. By the piezoelectric effect, this causes 
a change in the charge on the faces of the 
elements, which in turn causes a high
voltage pulse as the electrodes discharge 
through the load. 

The voltage achievable by short-circuit
ing during bending is greater than that 
achievable by sending current to the load 
during the entire cycle. This is because of 
the increase in electric permeability of the 
piezoceramic with an increase in stress. 
The net result is that the capacitance of the 
elements decreases during relaxation 
while some of the charge induced during 
bending is retained, so that the voltage due 
to the remaining charge in the elements is 
increased. 

This work was clone by Glen A. Robertson 
of Marshall Space Flight Center. For fur
ther information, Circle 34 on the TSP Re
quest 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 16]. Refer to 
MFS-28298 

areas ranged from 2 square microns for 
the minimum geometry (IX) device to 200 
square microns for the 10 X device. This 
construction enabled the study of the ef
fect of size on SEU behavior. In addition, 
each cell was externally biased so that the 
effect of bias current (or, equivalently, 
power) on SEU behavior could be studied. 

In one series of tests, the device was ir
radiated with 250-MeV bromine ions. The 
resulting data show that these high
stopping-power ions result in the collection 
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of charge far in excess of the critical 
charge for SEU (Qd. This is manifested by 
the large SEU cross sections in excess of 
the areas of the bu ried layers in the device. 
This behavior indicates that even ion tracks 
that hit in the substrate area surrounding 
the buried layer area can cause SEU by the 
diffusion of charge to the junctions of the 
substrate and buried layers. 

As the cell current (lCELJ was increased 
above 40 !A the SEU cross sections of the 
1 x and 2 x cells decreased, as expected, 
due to the increase in Qc- However, the 
cross sectionsofthe4 X and 10 X cells in
creased for ICELL above 80 "A on account 
of the saturation of the large transistors, 
which caused the response times to in
crease, thereby allowing ion-generated 
charge to be collected by diffusion for a 
longer time. 

Another series of tests involved irradia· 
tion with 150-MeV iron ions. The most strik
ing feature of the data from these tests was 
a dramatic decrease in the SEU cross sec
tion of the 10 X cell at increasing values of 
I CELL above 65"A. At ICELL below 65 !A the 
SEU cross section of the 10 X cell ap
proached the area of the buried layer. This 
indicates that any ion track that intersects 
the junction of the buried layer and the 
substrate will cause SEU. As ICELL is in
creased, ion tracks must inject charge into 
the base or the emitter as well as the 
substratelburied-Iayer junctions to cause 
SEU. The SEU cross section continues to 
decrease to less than one-tenth the emitter 
area at ICELL = 2OO"A. In the 1 x , 2 x , 
and 4 X cells, the SEU cross sections 
decreased slightly with increasing ICELL' 
their values converging on the areas of the 
buried layer for each device. 

A third series of tests was conducted 
with 1oo-MeV oxygen ions. SEU was not 
observed in the 10 X cell. The other cells 
exhibited decreases in the sensitivity to 
SEU with increasing hLL' The SEU cross 
section of each device fell sharply with in
creasing I CELL above 50, 100, and 150"A in 
the 4 X , 2 X , and 1 X cells, respectively. 

The results of this study provide impor
tant information for the optimal design of 
devices fabricated using a buried-layer 
bipolar process that must operate in 
heavy-ion SEU environments. Designers 
can use this information to provide re
quired levels of suppression of SEU in 
specific applications via combinations of 
size andlor cell-current (or power) scaling. 

This work was 00ne by John A. loutendyk 
and Elaine C. Secrest of Caltech and Dale 
F. Berndt of Honeywell, Inc., for NASA's 
Jet Propulsion Laboratory. To obtain a 
copy of the report, "Increasing Resistance 
of Bipolar IC's to Radiation-Induced SEU 's 
by Increasing Power, " Circle 23 on the TSP 
Request Card. 
NPO-17553 
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NEW" ••• 
Precision 
High Voltage 
Solid State Atnplifiers 
up to +20kV and 
+20tnA. 
Four-Quadrant Capability 

H-_f---__ Input: 
20V 
Peak to Peak 

r+tt+t++-++t+-+++t<-lfrt+-ot-+-+t+-·~~ __ Output: 

40kV 
Peak 
to Peak 

Frequency: 1380 Hz 

If you need High Voltage, High 
Speed Precision Amplifiers, 
TREK has the products for you . 
A complete line of High Voltage 
Solid State Operational Amplifi
ers and Power Supplies for: 

om -
C 

.. "II- _ •• 

1 0m .... j. 
J 

-- - -

I 

I i' ~-

.' • I 
- . -

40,000 V 
Peak to Peak ! 

Piezoelectric Research . Polymer 
Characterization . Ceramic 
Research • Laser Modulation 
• Electrophoresis • Ion Deflec
tion • Electrostatics . Closed 
Loop Charge Control. 

20/ 20 HV Precision Amplifier: ± 20kV, 
± 20mA. Slew Rate 600 VIps. 

610C HV Supply-Ampllfier-Controller: 
± 10kV, ± 2mA. Slew Rate 35 VIps . 
Constant Current or Voltage feed
back circuit. 

6098-6 HV Research Amplifier: ± 4kV, 
± 20mA. Slew Rate 100 VIps. 

6018 HV Piezo Driver: 1kV, ± 10A. 
Slew Rate 35 VIps. 

668A ReferencelPower Supply: 
o to ± 3kV, 10mA Accuracy 0.01% 
of fu ll scale. 

Other HV Amplifiers available including custom designs. 
For more information CALL 1-800-FOR-TREK outside New York . 

TREK, INC. 3932 Salt Works Road , P.O. Box 231 
Medina, NY 14103 Phone: (716) 798-3140 
TLX: 752278 FAX: (716) 798-3106 
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Deflections In a Wind 
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Measuring Winds With Pulsed C·Band Radar 
!~ The objective is to provide quick forecasts of impending thunderstorms. 

John F. Kennedy Space Center, Florida 
Research has begun on the use of pulsed 

Cband radar in a multistatic configuration to 
measure winds in the absence of clouds. 
The ultimate objective of this effort is to de
velop the capability to use wind-measure
ment data to predict, as early and as accu· 
rately as possible, the formation of local 
thunderstorms - desirably, with lead times 
of several hours. 

The proposed experimental system is 
based on the principle of multistatic radar: 
because a single radar can measure only 
the component of velocity along its line of 
sight by means of the longitudinal Doppler 
effect, multiple receivers will be tracked on 
the same point in the sky to measure the 
winds from different angles, thereby obtain
ing the ccrnplete wind vector at that point. 

The proposed system (see figure) will in
clude one radar station that both transmits 
and receives and one or more other stations 
that receive only. The advantage of the mul
tistatic configuration is the greatly reduced 
effects of ground clutter on the receive-only 
stations. Each site will require a 5-MHz 
reference signal for coherent detection. 
This signal, modulated by the radar-pulse
triggering signal, will be sent from the 
transmittinglreceiving station to the receiv· 
ing (only) stations on a coaxial cable. 

The raw data from each radar will be fed 
to a radar video processor, which computes 
radial velocities and can produce displays of 
velocities in five different intensities of blue 
and red, and reflectivities in 13 colors, in 
plan-position·indicator or range-height·indi· 

cator format. These plots can be obtained in 
real time or from data stored on tape. The 
velocity data from each such processor will 
be sent over a telephone line to a central 
ccrnputer, which will produce displays of 
windflows. 

This work was done by earl Lennon, 
Richard Wesenberg, Thomas O. Britt, 
Michael Brooks, Deloris Edwards, Chris 
Franklin, John f(jriazes, Brad Kitayama, and 
Jim Medina of Kennedy Space Center. For 
further information, Orcle 31 on the TSP Re
quest Card. 

Inquiries concerning rights for the com· 
mercial use of this invention should be ad
dressed to the Patent Counsel, Kennedy 
Space Center [see page 16] Refer to 
KSC-11415 

_~_-_0~~ 
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Timing ----t--<~...::::::...J Signal 

Simultaneous Measurements by Multiple Radars will be combined to produce wind-vector plots for the prediction of local thunderstorms. 
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Real-Time Optimization of Receiver Bandwidth 
~j Estimates of signal and noise spectra enhance the reception of weak signals. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A digital signal-processing subsystem 

continually seeks the optimum bandwidth 
for the digital carrier-tracking phase-locked 
loop (see figure) in a receiver of weak sub
carrier-phase-modulated telemetry sig
nals. The optimum bandwidth is defined 
here as the one that minimizes the steady
state root-mean-square (rms) phase error 
within the loop. It is typically wide enough 
to enable the receiver to track out phase jit
ter in the received carrier signal, yet nar
row enough to limit the entry of thermal 
noise into the loop. Although the subsys
tem is intended specifically for the recep
tion of signals from the Pioneer 10 space
craft, the principle of real-time optimization 
of bandwidth can be adapted to other situ
ations to enhance the reception of weak 
signals that might otherwise be "buried" in 
noise. 

The determination of the optimum band
width is based on the spectral densities of 
the additive receiver noise and of the com
ponents of the phase signal in the output 
of the phase detector in the phase-locked 
loop. Estimates of the spectrum are first 
obtained by applying fast Fourier trans
forms to the output of the phase detector. 
Given a knowledge of the transfer function 
of the closed phase-locked loop, the sub
system uses the data from the transforms 
to estimate the phase spectrum, the noise 
spectrum of the receiver, and the power of 
the received carrier signal. The optimum 
bandwidth is then calculated from these 
estimated components. 

The success of this technique depends 
in part on the correctness of the mathe
matical model of the phase nOise, because 
any real-time characterization of the phase 
can assist in reception. In the original ap
plication, the significant components of 
phase noise are generated by the transmit
ter' propagation of the signal ~ncluding the 
effects of motion, the Sun, and the atmos-

n(t) 

9(t) 
+ +(t) = 9(t) - 9(t) 

6(t) = x(t) + IjIdt) 
1----.+-+-+------4..--.. y(t) 

x(t) 

'----~ 

G 
P 

KF(p) 

e(t) 

Notes: 1. 9(t) = random component of phase of received Signal. 
2. 9(t) = estimate of 9(t) produced by receiver. 
3. IjIr(t) = additive phase noise due to Instability 

In voltage-controlled oscillator of receiver. 
4. n(t) = additive receiver nOise. 
5. e(t) = error signal (output of loop filter). 
6. K = gain of loop filter. 
7. F(p) = transfer function of loop filter. 
8. G = gain of voltage-controlled oscillator. 
9. y(t) = the observable signal, which is corrupted by noise. 

10. A = amplitude of carrier signal. 
11. t = time. 

The Carrier-Tracking Phase-Locked Loop is represented by a linear mathematical model at 
small rms phase errors. The loop continuously generates estimates 8(t) of the received 
phase 9(t). The bandwidth (in effect, the scale of the complex-frequency variable p) can be op
timized to minimize the rms phase error. 

phere), and the voltage-controlled oscilla
tor in the receiver. Analytic expressions for 
the optimum bandwidth have been derived 
for phase-noise spectral densities propor
tional to f - a (where f = frequency), a mod
el often quoted in the literature. For oscilla
tor phase spectra at low frequencies, one 
can use a = 3, while the effect of solar 
scintillation can be represented by a = 
8/3. 

The value of the technique was demon
strated in the application to Pioneer 10. 
Loop bandwidths and minimum carrier-to
noise ratios for which tracking could be 

done were estimated for various operating 
conditions. It was found that the minimum 
signals that can be tracked are 5 to 15 dB 
below those that can be tracked by current 
receivers. This improvement is accom
plished by the use of bandwidths of 0.1 to 
1.0 Hz, in contrast with the 3-Hz bandwidth 
in current use. 

This work was done by V. A. Vilnrotter, W 
J. Hurd, and D. H. Brown of Caltech for 
NASA's Jet Propulsion Laboratory. For 
further information, Orcle 40 on the TSP 
Request Card. 
NPO-17400 

VLSI Universal Noiseless Coder 
~j Features would include reliability, low weight and power, and small volume. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A proposed universal noiseless coder 

(U NC) would compress a stream of data 
signals for efficient transmission in a chan
nel of limited bandwidth. The coder would 
be noiseless in the sense that the original 
data would be completely recoverable 
from the output code. The system would be 
built as a very-large-scale integrated (VLSI) 
circuit, which could compress data in real 

30 

time at input rates as high as 24 Mb/s, and 
possibly faster, depending on the specific 
design. The VLSI approach would yield a 
small, lightweight system that 'NOuld oper
ate reliably and consume little power. 

The conceptual UNC includes a block 
preprocessor and an adaptive variable
length coder (AVLC) (see figure). The block 
preprocessor reversibly reformats the in-

put data stream by taking differences be
tween successive data and relabeling the 
differences. The AVLC can execute any of 
eight optional code algorithms: namely, 
backup (in which it puts out the original 
subblock of n-bit-sampled data), funda
mental sequence (in which each nonnega
tive integer m is converted to a string of m 
zeros followed k2Y 1), and a combination of 
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fundamental sequence with k-bit sample 
splitting On which each n-bit sample is split 
into a sample of n - k most significant bits 
and a sample of k least significant bits) 
with k = 1, 2, 3, 4, 5, or 6. The final coded 
output produced from each block of input 
data is a block that oontains the rorpressed 
string of output bits, plus a 3-bit header that 
identifies the code algorithm, thereby en
abling the decoder to reconstruct the origi
nal data. 

The AVLC includes a code estimator, 
which chooses the code algorithm that 
performs best on the current block of input 
data. The selection is made on the basis of 
simple arithmetical operations on the se
quence of input bits. The code estimator 
also provides an accurate estimate of the 
number of bits that the selected algorithm 
will use to code the current block of input 
data. 

In addition to the subsystems and func
tions of the conceptual system as described 
above, the VLSI version would include the 
following: 
• A sensor interface circuit to acquire the in

put data; 
• A host-processor interface to exchange, 

with a host processor, data related to the 
control and status of operation - specifi
cally, in regard to the mode of operation 
and the size of the data blocks; 

• A UNC controller to control the com
pressor and coordinate with the host proc
essor according to the control and status 
data; 

• A ping-pong block buffer to buffer the cur
rent and the previous data blocks for the 
twcrlevel pipelined operation of the UNC 
compressor; 

• An output formatter to convert the com
pressed data into the desired output for
mat; and 

• A link interface to transmit the com
pressed data onto the output bus. 

Raw Compressed 
Input Adaptive Output 
Data Data i Block Varlable-

I Preprocessor r--+" Length Coder 
(AVLC) 

CONCEPTUAL UNIVERSAL NOISELESS CODER 

Raw Data r----. Sensor 
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~ 
H andshaklng 

+ 
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~ t 
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Splitter ------

Fundamental -
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and
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+ t 
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VLSI ARCHITECTURE 

The Universal Noiseless Coder would be constructed as a single, compact, low-power VLSI 
circuit chip. The design of the coder would exploit the regularity, modularity, effective inter
connections, flexibility, expendability, and concurrence that are principal features of VLSI 
architecture. 

To promote efficiency, the design of the 
VLSI circuit chip would be made specific to 
the code algorithms. The entire UNC could 
be fabricated in a single chip, which would 
have a worst-case power dissipation less 
than 1 w. 

This work was done by Robert F. Rice, 
Jun.Ji Lee, and Wai-Chi Fang of Caltech for 
NASA's Jet Propulsion Laboratory. For 
further information, Circle 157 on the TSP 
Request Card. 
NPO-17469 

Digital Video Measurements of Wing Deflections 
in a Wind Tunnel 
Solid-state cameras and a computer-controlled image-acquisition system 
measure deformations of wind-tunnel models. 

Langley Research Center, Hampton, Virginia 
The dynamic pressure of the National 

Transonic Facility (NTF) is greater than 
three times that of other transonic wind 
tunnels and can cause wingtip deflections 
of several centimeters. A number of tech
niques have been suggested to measure 
these deflections. A photogrammetric ap
proach was chosen because of its inherent 
rapid recording of data on the entire object 
field. 

Video cameras were used instead of 
film cameras to acquire data because the 
cameras must be housed within the cryo-

32 

genic, high-pressure plenum of the facility 
and are, therefore, inaccessible for the ex
change of photographic film. The digital 
video model<leformation (VMO) system in
cludes solid-state-array cameras and a 
digital image-acquisition system controlled 
by a personal computer. It is an improved 
version of an earlier VMO system that in
cluded high-resolution-tube cameras. The 
new system eliminates both the vibration
induced distortion associated with tube 
cameras and the manual processing of 
video hardcopy images necessary in the 

earlier version. 
An AT -class personal computer controls 

t'MJ commercially available image-capture 
boards ganged to capture simultaneously 
t'MJ video images, each 752 picture ele
ments wide and 480 picture elements high, 
in one-thirtieth of a second. The video im
ages are digitized into 256 gray levels. The 
figure is a block diagram of the system. 

The ability to interact conveniently with 
image files and processing algorithms is 
important in the developmental stage. The 
current system incorporates the flexibility 
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of a popular operating system (DOS) and 
higher-level programming languages (e.g., 
C and BASIC) to facilitate the development 
of code. Commercially available software 
written in C enables a personal computer 
to digitize, process, display, and store video 
images. The video images, which are stored 
as DOS files, can be randomly read with 
code written by the user in either compiled 
BASIC or C for such operationS as the 
computation of centroids. This technique, 
in addition to specifying the required algo
rithms, also details methods for calibrating 
both the solid-state sensors and the imag
ing lenses. 

Tests were conducted at the NTF to es
tablish the best-case accuracy of the digi
tal VMD system. These tests were con
ducted without flow to avoid operational 
constraints and uncertainties In the effects 
of flows as well as to enable independent 
verification of measurements. The accura
cy of the system was shQlM) to be about 5 
mils (0.13 mm) root mean square under 
best-case conditions over a test wing that 
had a semispan of 26.5 in. (67.3 cm). The 
accuracy of the system for the measure
ment of controlled single-point deflections 
is less than 2 mils (0.05 mm). Although this 
particular application was restricted to re
mote measurements of wing deflections in 
a wind tunnel, the calibration and software 
procedures would be generally useful to 
anyone attempting highly accurate remote 
measurements by use of charge-coupled-

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

Exciter for X·Band 
Transmitter and Receiver 

Design and performance 
are described_ 

A report describes a developmental X
band exciter for the X-band uplink subsys
tem of the Deep Space Network. The X
band transmitter-exciting Signal is expected 
to have a fractional frequency stability of 
5.2 X 10 - .15 during a 1,OOO-second integra
tion period. The exciter also generates co
herent test signals for the S- and X-band 
Block III translator of the Deep Space Net
work, a Doppler-reference signal for the 
associated Doppler-extractor system, the 
first-Iocal-oscillator Signal for the associ
ated receiver, and a reference signal for 
the associated ranging subsystem. 

The main transmitter-exciting Signal is 
generated by a heterodyne principle often 
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devices or charge-injection-device solid
state cameras. 

This work was done by AJpheus W 
Burner, Walter L Snow, William K. Goad, 
and Brooks A C17i1ders of Langley R. 

used to stabilize output frequencies; a 
stable higher frequency is added to a less
stable lower frequency so that the result
ant fractional stability is close to that of the 
more stable source. In this case, the high
er-frequency input signal at 6,500 MHz is 
obtained by multiplying by 65 the frequen
cy of a 100-MHz input reference signal 
from a hydrogen maser. The lower-fre
quency input signal at 690 MHz is obtained 
by multiplying by 16 the frequency of a por
tion of a 43.125-MHz signal from a synthe
sizer. 

The two input signals are mixed and 
band-pass filtered to produce a Signal at 
the transmitter-exciting frequency of 7,190 
MHz. This Signal is amplified, then fed 
through X-band command and ranging 
phase modulators and a radio-frequency 
relay to an output terminal. 

Before multiplication, the portion of the 
43.125-MHz Signal used to generate the ex
citer output is passed through a voltage
controlled phase shifter, which is part of the 
overall-phase-controlloop that reduces the 
variations in phase of the transmitted sig
nal due to changes in temperature, volt
ages, and characteristics of components. 
The other portion of the raw 43.125-MHz in
put is multiplied directly and added to the 
6,500-MHz signal to generate an un-

search Center. For further information, 
Circle 109 on the TSP Request Card. 
LAR-13917 

modulated 7,190-MHz reference signal for 
use in the phase detector of the phase
control loop. 

The coherent S- and X-band test signals 
and the local-oscillator, Doppler-reference, 
and ranging-subsystem-reference signals 
are generated from the inputs and outputs 
of the main exciter by various combina
tions of frequency multiplication, mixing, 
addition, and subtraction. Other engineer
ing details described in the report include 
the physical configuration of the compo
nents and subsystems, stabilization of 
temperature, controlling and monitoring 
circuits, the distribution of the Doppler-ref
erence Signal, and the Doppler-signal-ex
tracting system. 

Tests of the prototype exciter show that 
the controll ing and monitoring and internal 
phase-correcting loops perform according 
to the applicable deSign criteria. Measure
ments of the stability of the frequency and 
of the single-sideband noise spectral densi
ty of the transmitter-exciting Signal are to 
be made subsequently. 

This work was done by Carl E. Johns of 
Caltech for NASA's Jet Propulsion lab
oratory. To obtain a copy of the report, 
"Block 11/ X-Band Receiver-Exciter, " Circle 
119 on the TSP Request Card. 
NPO-17261 
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ARCHITEC 

Multibus' II's Archi 

SIMPLE 

Multibus II brings more than 
just power to your application. 
It brings simplicity that speeds 
development and eliminates 
risk. Without compromising 
performance or economy. 
The spec itself (IEEE 1296) is 
clean, complete, disciplined. 
It defines a bus that is 
synchronous and highly 
deterministic. Multibus II is 
supported by the Multibus II 
Systems Architecture (MSA)
an extensive system-level open 
standard. MSA implements 
advanced functions so you 
don't have to. And supports 
standard transport protocol to 
simplify complex systems. 
MSA even includes firmware 
for system configuration 
and self-test. Choosing 
Multibus II can cut months off 
your development cycle. And 
zeros off your budget. 

Multibus II helps you re-
duce costs in all the places 
you'd expect. Plus quite a few 
you wouldn't. • Initially, 
Multibus II speeds develop
ment by increasing on-board 
functionality, and simplifying 
system integration. Which 
doesn't just reduce costs, it 
helps you recover them faster 
by getting to market sooner . • 
A range of bus interface silicon 
economically meets the needs 
of high-end multiprocessor 
systems, low-cost single-CPU 
applications, and everything 
in between . • Assembly, test 
and maintenance costs are 
reduced by features like 
jumperless board configura
tion, and built-in self test 
and diagnostics . For the life 
of your system . • 

Architectural DisCipline 
increases your choices. Of 
applications you can solve. 
And ways to solve them . • The 
Message Passing Coprocessor 
(MPC) and two new lower cost 
slave interface chips let you 
build systems ranging from 
high bandwidth to low-speed 
I/O. Economically. With full 
compatibility . • You have com
plete freedom of processors 
and software. 80x86s, 680xOs 
and 88000s. Running iRMX~ 
DOS, OSI2~ U IX~ FlexOS" 
and VRTX". In the same box. 
At the same time . • iSBX~ 
iLBX" II, MIX and OME allow 
vast memory expansion and 
custom I/O .• And, Multi-
bus II's unused P2 connector 
opens a world of possibilities. 
Like AT Bus on P2 that's avail
able now. And other buses on 
P2 that are planned . • 



INTEROPERABLE 

Nowhere is the virtue of 
Architectural Discipline more 
apparent than in the superior 
interoperability of Multibus II . 
_ All Multibus II boards from 

all manufacturers work to
gether. Right out of the box. _ 
Problematic issues like 
interrupt line assignments, 
dual-port memory allocations 
and slot dependence simply 
don' t exist. _ You can even 

mix message passing and 
shared memory communica
tions methods. Or migrate 
from one to the other with 
ease . • This makes unipro
cessor systems simpler to 
integrate, and multiprocessor 
systems a practical reality. 
And restores the original idea 
behind open bus architec
tures - "mix-and-match" 
computing . • 

of new products make 

RELIABLE 

Multibus II 's unique advanced 
features make your application 
more reliable and easier to 
maintain. _ Like synchronous 
operation with full parity error 
detection/correction. Built-in 
self test and diagnostic capa
bilities . The freedom to plug 
any board into any slot . And 
the system's ability to auto
matically configure each board 
without jumpers or DIP 
switches. _ And, naturally, 

Multibus II uses only DI 
connectors for all backplane 
and 110 connections. _ All 

these features are designed 
into the architecture itself, 
as well as all Multibus II 
boards, backplanes, chassis 
and other products. _ 

Multibus II 's Architectural 
Discipline means reliability 
you can depend on . _ 

SCALABLE 

Only Multibus II provides 
a virtually linear increase in 
performance as the number of 
boards grows. For scalable 
performance across your com
plete systems architecture. _ 

Multibus II supports simple 
applications with low-cost 
"dumb" 110 boards, and 
shared memory communi
cations. At the high end, 
Multibus II's cohesive struc
ture for multiprocessing 
operates like a 40 Mb/sec. 
Local Area Network. With 
backplane protocols that can 
extend to Ethernet or fiber
based LANs. _ Of all the 

buses available today, only 
Multibus II is capable of 
efficiently handling the full 
range of applications - from 
simple Single-processor 
systems, to very complex 
multiple-CPU applications. 
Just about anywhere a PC 
is not enough . _ 



Today, Multibus II is • CENTRAL DATA • MICRO MEMORY INC. • supported by a wide range of 800·482·0315 FAX 217-359-6904 818'998'0070 FAX 818'998'4459 

products . Induding imp or-
Contact: Mark Decker Contact: MoS<! Jadon 
Family of high performance intelligent boards Full line of high density memory modules 

tant recent announcements including single- and dual-channel SCSI up to 128M bytes in a single card slot. Single 

that open new avenues of 
host adapters, 80386 SBe, communications! and dual ports (iPSB/iLBX), Dynamic and 
terminal controller. and SBX motherboard. non-volatile CMOS RAM memories. 

opportunity for engineering • CONCURRENT TECHNOLOGIES • MICROBAR SYSTEMS 
teams designing for the next 217·356·7004 FAX 217·356'6238 408·720·9300 FAX 408·773·9475 

decade, and beyond .• The 
Contact: Jerry Hoffman Contact: Alex London 

Full line of high performance 3B6 and 186 CPU Reduces board development cycles to U 

Multibus Manufacturers boards, analog and digital UO, communica- weeks whi le meeting your application-specific 

Group (MMG) members who 
tions, Ethernet, Cheapernet, and 16-channel requirements th.rough ou r design library based 
terminal controllers. on BOX86 or 6BOXO processors. 

sponsored this ad invite you -DIGITAL RESEARCH INC. PLX TECHNOLOGY, INC. 
to send for their all-new 1990 408·982·0700 FAX 408·982·0715 800'759,3753 FAX 415·960·0479 

Mu/tibus II Product Data Book. 
Contact: Director of OEM Sales Contact: Gaylord Galiher 
Full-featured systems software OEM products Low-cost, high drive current, bus interface 

It's full of information on their including 186,286 and 386 FlexOS operating specia lists. Programmable and off-the-shelf 

complete lines of Multibus II 
systems, Token Ring and TCPflP network soft- interface chips for Multibus II and all o ther 
ware, and new XlCEM graphics user interface. high performance buses. 

boards, systems, software and -HEURIKON CORP. • SIEMENSAG - • bus interface chips. And it's -800-356'9602 FAX 608·831-4249 -Advertising Dept., 333 State Bridge Road 

available free to qualified 
Contact : Jeremy Wright Alpharetta, GA 30201 
Range of quality CPU boards and systems. A complete range of CPU, memory and 1/0 

engineers and managers. _ The most recent introduction is a 68030-based cards, including local buses as OME, AMS, 
SBC with on-card Ethernet. SMP, and AT, from the leading European board 

To request your copy just -INTEL 
supplier for industrial automation. 

send your business card to - -THE WOLLONGONG GROUP -800'548·4725 

the MMG. Or call our special 0 Comprehensive Multibus II solutions: UNIX! 415·962·7200 FAX 415·969'5547 

toll free number today: 
iRMX based System 520, new i486 CPU, new Contact: Douglas Ambort 
B03B6-based modular 110, and new low cost TCPflP and NFS protocol suites on Multibus 

BOD 44B 9&02. (U.S.andCanada) 
MPI-based 110. computers running the UNIX System V 

-MICRO INDUSTRIES 
Release 3.2 operating system supported on 

Discover a world of design • the 1861530 and 1861622A. 

freedom made possible by • 614·895·0404 FAX 614·882'6357 -XYLOGICS, INC. Contact: Susan Lawton 

the Architectural Discipline of Complete line olMultibus I and II products 617'272·8140 FAX 617·273'5392 

Multibus II. For large, complex 
for industrial control, office automation, tele- Contact: Dave Padley 
communications, military and aerospace. Full line of very high performance, 

applications. And small, multichannel peripheral controllers under 

simple ones. Just about any-
development , supporting such interfaces 
as ESDI, IPland SCSI. 

where a PC is not enough. -

Legend: 
_ Boards 

• Systems 
• Software 

Bus Interface Silicon 

p.o. Box 6208, Aloha, Oregon 97007 503·696·7155 
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A device minimizes heating by external and internal sources. ~J 

-------------------------------------~~ Goddard Space Flight Center, Greenbelt, Maryland 
AA electromagnetic shutter mechanism 

operates at ambient and cryogenic tem· 
peratures to shield an optical element, 
such as a mirror, filter, polarizer, beam split· 
ter, or detector, from external light and radi
ation in a cryogenic Dewar that is equipped 
with a window for optical evaluation. The 
shutter can be rapidly opened and closed 
during the evaluation process, thus mini
mizing or eliminating thermal gradients in 
the optical element so that it can be tested 
accurately. 

Unlike a purely mechanical shutter, the 
electromagnetic shutter can be installed 
without piercing the vacuum shell and ther
mal shrouds of the Dewar to install a link
age. Instead, the shutter utilizes existing 
electrical connections through the bottom 
of the Dewar and, therefore, minimizes 
vacuum leaks and cryogenic fluid losses. 
In addition, the shutter draws current only 
briefly, when it opens or closes, thus gener
ating minimal internal heat. 

The shutter consists of a circular copper 
paddle attached to a coil and magnet hous
ing (see Figure 1). With the housing mount
ed directly on a cold plate in the Dewar 
housing and the paddle connected to the 
plate by a braided-copper thermal strap, 
the paddle is at nearly the same tempera
ture as that of the optical element. When 
the mechanism torques the paddle to the 
open position, the optical element is ex
posed to radiation entering through the 
window. When the mechanism torques the 
paddle to the closed position, the radiation 
path to the test item is completely blocked. 

The paddle is bolted to a shaft that ex
tends through the housing (see Figure 2). 
Nylon bearings support the shaft. The 
bearings are split to accommodate ther
mally induced contractions when the as
sembly cools. The shaft supports a perma
nent magnet encircled by a coil mounted in 
the housing. 

The force of gravity keeps the paddle in 
the closed position, resting on a mechani
cal stop. When current is passed through 
the coil, it creates a magnetiC field that 
turns the magnet, shaft, and paddle almost 
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Figure 1. The Shutter Mechanism in the Dewar container alternately shields and exposes an 
optical element as a paddle is rotated between mechanical stops. The mechanism is mount
ed on the cold plate of the liquid-helium reservoir. 

90° until the paddle strikes another me
chanical stop. The paddle is then in the 
open position. At cryogenic temperatures, 
a current of 0.3 A at 8 V is required to pro
duce movement. 

When the shutter mechanism is at cryo-

genic temperature, it has enough mechan
ical resistance to stay in the open position 
with the current turned off, thereby gener
ating no additional heat. When a reverse 
current is passed through the coil, the 
mechanism returns to the closed position. 
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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 accura tely duplicates a 
Tektronix graphics terminal without 
sacrificing terminal functionality. 
Now 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. 

TGRAF'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 30-day evaluation copy. 

Cllrrml TGRAF IIsers call us for 
ill/ormallOlI 1111 how 10 IIpgrade 10 ollr 
latesl p,oduel TGRAF-4200 

CI GRAFPOlnT 
1485 Saratoga Avenue 
San Jose, CA 95129 
1-800-426-2230 
In Calilornia 408-446-1919 

Grafpotnt and TGRAF are trademarl<s 01 Grafpoinl 
PC and PS/2 are trademar1<s of International Business Ma· 
chines Corporation. Tektronix is a trademaJ1t of Tektronix. 
Inc. Macintosh IS a trademarl( of Apple Computer. Inc. 
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Figure 2. The Paddle, Shaft, and Magnet constitute an assembly that is rotated by the elec
tromagnetic field of the coil. In this cross section, the paddle is shown in closed position, 
where it blocks light. 

This 'NOrk was 00ne by Richard D. Barney 
and ThomasJ. Magner of Goddard Space 
Right Center. For further information, Or
c/e 15 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 16]. Refer to GSC-13189 

Subminiature Hot-Wire Probes 
Flows can be measured with higher resolutions . 

Ames Research Center, Moffett Field, California 
A class of improved subminiature hot

wire flow-measuring probes has been de
veloped. The sensing portions of the wires 
in the new probes have a typical diameter 
of 0.63 ¢n and lengths of 200 ¢n, as com
pared with those of the smallest conven
tional probes, which have typical diame
ters of 2 to 5 ¢n and lengths of 400 to 1,000 
fAlTl. The smaller sizes yield improved reso
lution in measurements of practical aero
dynamic flows. 

A probe can be made in a one-wire, two
perpendicular-wire, and three-perpendicu
lar·wire version for measurements of one, 

two, or all three components of flow, re
spectively. Because it is so small, a probe 
must be oriented and positioned on a mi
cromanipulator stage and viewed under a 
microscope during fabrication. 

The shank of a probe includes a stain
less-steel tube that surrounds an insulating 
ceramic cylinder, which has two, four, or 
six longitudinal holes for the electrical con
nections. Protruding from the holes at the 
tip of the probe are tapered nickel prongs 
that support the probe wire(s) (see figure). 

Each probe wire is a piece of plati
num/rhodium wire plated with silver. The 
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probe wire is cut to length, then fastened to 
the ends of the tapered nickel prongs with 
electrically conductive epoxy. The sensing 
length of the probe wire is defined by elec
trochemically etching the silver coat from 
the wire with a small laminar jet of nitric 
acid that is translated along the desired 
sensing length. The acid residue is then 
rinsed from the wire by a small jet of dis
tilled water translated Similarly along the 
wire. After construction, the probe is tested 
electrically and examined under the micro
scope to ensure that the length of the 
etched portion is consistent with the length 
expected on the basis of the measured 
electrical resistance. 

Prototypes of the subminiature probes 
have been operated with commercial hot
wire circuitry, but some changes in the 
electronics and procedures were needed 
to reduce breakage and optimize frequen
cy response. Calibration methods identical 
to those employed for conventional probes 
were found satisfactory for the subminia
ture probes. Drift was occasionally ob
served to be about twice that of conven
tional probes, resulting in slightly larger 
uncertainties in measurements of flows. 

The subminiature probes were tested by 
using them to take measurements in a con
stant-pressure turbulent boundary layer. 
Measurements of mean statistical quanti
ties, including Reynolds stresses, and 
spectra were obtained to evaluate the per
formances of the subminiature sensors 
compared with those of conventional 
probes. The results indicate that the new 
probes can give improved measurements 
of turbulence quantities near surfaces and 
that the anisotropies of flows strongly in
fluence the relative errors caused by 
phenomena related to spatial resolution. 
Therefore, classical theories based on the 
assumption of isotropic turbulence cannot 
be expected to provide accurate estimates 
of spatial-resolution effects in cross-wire 
probes near walls. 

This ....ork was done by R. V. Westphal 
and F. R. Lemos of Ames Research Cen· 
ter and P. M. Ugrani of the Naval Postgrad
uate School. Further information may be 
found in NASA TM-1axJS2 [NB8-223361 
"Development of Subminiature Multi-Sen
sor Hot-Wire Probes." 

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-12228 

Stainless-Steel 
Tube 

3.2mm 

1 

-6.4mm 

CROSSED-WIRE SENSOR 

Platinum/Rhodium 
Sensing Wire 
Diameter, 0.625 I'm 

Conductive 
Epoxy 

Tapered Nickel 
Supporting Prongs 

The Subminiature Probes can be made In one-wire and two-wire versions with typical config
urations and dimensions like those shown here. (A three-wire version can also be construct
ed.) Note that the senSing wires In the crossed-wire version do not touch each other. 

Making a Circular-Harmonic Filter 
An optical image-correlating system is made rotationally invariant. ~J 

-------------------------------------~~ NASA's Jet Propulsion Laboratory, Pasadena, California 
An experiment has shown that a circu

lar-harmonic filter can be generated opti-
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cally. Such a filter could be used in an opti
cal image-recognition system that is based 

on the correlation between the target (the 
image to be recognized) and a matched 
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Target Real Part of Fundamental 
Circular Harmonic Component 

of Target 

Figure 1. This Spoke·Wheel·PaHern Target is decomposed into the real part and the imagin· 
ary part (not shown) of its fundamental circular-harmonic component. The real and imagin
ary parts are used to make the circular-harmonic filter. 

spatial filter_ In addition to the usual in
variance under translation of the target, 
the circular harmonic filter is invariant 
under rotation of the target; that is, the 
peak intensity of the illumination at the 
origin of the correlation plane does not vary 
when the target is rotated about the optical 
axis. 

The target for this study is a 36-sector 
spoke-wheel binary pattern. The real part 
of the fundamental component of the pat
tern (which is the 36th circular harmonic), 

plus a constant bias to provide for the 
recording of negative amplitudes, is gen
erated by computer and recorded on pho
tographic film (see Figure 1). The imagin
ary part is the same as the real part, but 
rotated 2.5°, this angle being a quarter 
period of the 36th circular harmonic. 

The filter is a hologram made by a 
phase-shifted-double-exposure procedure 
in the apparatus shown in Figure 2. A laser 
beam is split into an object beam and a 
reference beam. The object beam passes 

through the target mounted on a rotation 
stage and is focused onto the holographic 
plate that is to become the filter. The 
reference beam is reflected from a mirror 
on a piezoelectric transducer through the 
holographic plate at an angle, where it in
terferes with the object beam to generate 
the hologram. 

During the first exposure, the piezoelec
tric transducer is turned off, and the func
tion recorded in the hologram is the Fourier 
transform of the real part of the circular
harmonic filter. During the second expos
ure, the piezoelectric transducer is turned 
on to shift the phase of the reference beam 
90°, and the target is rotated 2.5°to record 
the Fourier transform of the imaginary part 
of the circular-harmonic filter. 

To perform a correlation test , the refer
ence beam is blocked by a shutter. The im
age to be correlated with the target is 
placed in the rotation stage. Correlation or 
the lack thereof is observed as a bright 
spot or the lack of a bright spot, respective
ly, at the center of the test image. In the ex
periment, the correlation was performed 
with the target itself. The brightness of the 
correlation spot was found to be invariant 
under both rotation and translation of the 
target, as expected. 

This work was done by Yeou Yen Cheng 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Circle 
43 on the TSP Request Card. 
NPO-17263 
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Figure 2. This Holographic Apparatus is used to make the circular-harmonic filter and to perform correlation tests. 
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Sometimes overnight is 
absolutely, positively too late. 

We're not knocking the other guys, but some
times you need to get it there right away. The very 
same day. Today, not tomorrow. 

With TW!\s Next Flight Oute delivery service, 
you 're in business. 

Even as you read this, TWA planes are about to 
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Protecting Fuel Cells From Drowning 
~J Water in the fuel is extracted before it reaches the cells. 

Lyndon B. Johnson Space Center, Houston, Texas 

A water collector at the hydrogen inlet of 
a stack of fuel cells prevents moisture from 
"drowning" the cells; that is, condensing 
on them so that they can no longer func· 
tion. The water collector includes an empty 
reservoir of the type normally used to hold 
electrolyte, a component that is used in 
considerable numbers in a fuel-cell power· 
plant. 

The empty reservoir is placed next to a 
cooling plate (see figure). Water in the 
stream of hydrogen collects in the cooling 
plate. A wick carries the collected water to 
the reservoir. Because the reservoir is not 
part of any active cell, the water there does 
not degrade the performance of the stack. 

The reservoir retains the water until it 
evaporates. The water does not pour out if 
the stack is tipped during handling. 

This work was done by George T. Suljak 
and Nunziato J. Maio of United Technolo-

Coolant Field 
In COOling Plate 

(H2 Field on Back of 
Cooling Plate) 

In Pressure 
Plate 

gies Corp. for Johnson Space Center. 
For further information, Circle 35 on the 
TSP Request Card. 
MSC-21477 

The Stack of Fuel Cells gets a supply of hydrogen from a manifold. The heat-exchanger plate 
and reservoir collect water from the flow of hydrogen. The water in the reservoir is evap
orated with heat from the coolant heat-exchanger plate. 
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Books and Reports 
These reports, studies, handbooks are 
available from NASA as Technical 
Support Packages (fSP's) when a Re
quest Card number is cited; otherwise 
they are available from the National 
Technical Information Service. 

Turbulence and 
Evaporation in 
Clusters of Drops 

Turbulence speeds 
evaporation most 
effectively early in 
the process. 

A report presents a theoretical model of 
the evaporation of a cluster of drops of a 
single-component liquid fuel in and of the 
processes of exchange between the clus
ter and the gas that surrounds it. This is a 
subscale (more precisely, a subgrid) model 
that describes the macroscopic behavior 
of the cluster. The cluster is smaller than 
the intervals of the stationary computation
al grid used to calculate the properties of 
the gas in the combustion chamber. The 
cluster is followed as it moves through the 
grid, and the cluster model is coupled with 
the model of the surrounding gas through 
the transfer of mass, molecular species, 

and heat across the boundary of the clus
ter. 

For the purpose of the cluster model, 
the properties of the surrounding gas are 
assumed to be known. The drops are as
sumed to be spherical, of uniform size, and 
uniformly distributed throughout the clus
ter, which is assumed to be spherical. The 
cluster is immersed in and heated by the 
convectively-flowing, hot surrounding gas. 

Each drop is considered to be surround
ed by a sphere of influence of radius equal 
to half the distance between the centers of 
adjacent drops. The density of gas is not 
considered uniform inside each sphere of 
influence, but all drops of the cluster are 
assumed to behave identically. The pres
sure of the gases both within and without 
the cluster is assumed constant. As mass 
and energy are exchanged across the sur
face of the cluster, the cluster can expand 
or contract. 

The formulation of the model has three 
components: (1) the description of the con
servation of mass, molecular species, and 
enthalpy in the sphere of influence of each 
drop; (2) the description of the conserva
tion of mass, molecular species, and en
thalpy in the cluster volume; and (3) the 
description of convective effects by the 
use of differential equations that express 
the conservation of momentum for the 

The 

gases and the drops. Two submodels of 
turbulence are considered: One describes 
the evaporation of the cluster in surround
ings initially devoid of turbulence, and the 
turbulence builds up gradually with time; 
the other describes evaporation in sur
roundings where turbulence is present ini
tially. 

The results obtained from this analysiS 
show that turbulence enhances evapora
tion and is a controlling factor in the 
evaporation of very dense clusters. For ini
tial fuel/air mixtures of decreasing rich
ness, both the history of the turbulence and 
the initial relative velocity between drops 
and gases can control evaporation. In this 
regime the evaporation time decreases 
with an initial increase in turbulence or rel
ative velOCity. As the initial fuel/air ratio de
creases further and the initial number 
density of drops falls into the dilute regime, 
the history of turbulence and the initial rela
tive velocity cease to control evaporation. 
The evaporation time decreases with the 
size of a dense cluster, but for a dilute clus
ter, size is not the controlling factor. 

The practical implication of these find
ings is that the evaporation of fuel can be 
controlled more readily near the fuel in
jector than it can be farther along the com
bustor. To enhance evaporation, turbu
lence should be introduced into the air into 
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which the fuel is sprayed. This turbulence 
would break the clusters into smaller ones 
that evaporate faster and bring more hot 
gas from the surroundings into contact 
with the clusters. 

This work was done by Josette Bel/an 
and Kenneth G. Harstad of Caltech for 
NASA's Jet Propulsion Laboratory. To 
obtain a copy of the rep:;rt, 'Turbulence Ef
fects During EVapJration of Drops in Ous
ters, " Orcle 30 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 16]. Refer to 
NPO-17323. 

Effects of Turbulence 
on Ignition 

The enhancement of evapora
tion by turbulence could be 
used to enhance ignition. 

A report presents a theoretical study of 
the effects of turbulence on the ignition of 
drops of a single-component liquid fuel. 
This report is closely related to the one de
scribed in the preceding article, "Turbu
lence and Evaporation in Clusters of 
Drops" (NPO-17323). Although the use of 
turbulence to control ignition is well known 
to designers and experimenters, it has not 
previously been studied theoretically in the 
dense-spray regime. 

The study uses a theoretical model for 
evaporation like the one of the preceding 
article and a model for ignition developed 
previously. The radial velocity, va' of gas at 
the surface of a sphere of influence is 
taken as an algebraic combination of the 
rate of evaporation and the speed, daldt, 
with which the radius changes. The weight
ing factors of the algebraic combination 
are such that in a dilute spray, all new vapor 
coming from the drops is trapped in the 
cluster, whereas in a dense spray where 
evaporation is str.ong, maximum new va
por escapes to the ambient. 

The rate of loss of mass from the cluster 
is taken as an algebraic combination of va 
and daldt. It is assumed that mass, molec
ular species, and enthalpy are all trans
ferred at rates proportional to that of the 
loss of mass. The transfers of heat, molec
ular species, and mass from the surround
ings to the cluster are assumed to be of a 
turbulent nature and proportional to each 
other. 

The fluxes of heat, mass, and molecular 
species into the cluster are assumed to be 
given by a correction to the solution for dif
fusion between the far field and the surface 
of the cluster, as in the report described in 
the preceding article. Thus, the convective 
correction contains the transfer due to tur
bulence. The two models of turbulence de
scribed in the preceding article - grad-
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ually increasing from zero and initially 
present at a high level - are used here to 
investigate the effects on evaporation 
and/or ignition. 

Calculations were performed for a clus
ter of n<lecane drops where the initial ve
locity of the gas is zero. The results show 
that turbulence promotes the evaporation 
necessary for ignition when the cluster is 
large, the temperature of the drops is low, 
or there is initially no fuel vapOr in the gas 
phase. The mechanism of enhancement 
is increased transport between the sur
rounding gas and the cluster. However, the 
crucial control parameter is the initial am
bient temperature of the gas phase be
cause heat must be transported from the 
gas back to the cluster to support ignition. 

This work was done by Josette Bel/an 
and Kenneth G. Harstad of Caltech for 
NASA's Jet Propulsion Laboratory. To 
obtain a copy of the rep:;rt, "Ignition En
hancement for Dense Ousters of Drops 
Using Turbulence Effects," Orcle 29 on 
the TSP Request Card. 
NPO-17335 

Model of Turbulent 
Gas Eddies 
Containing Drops 

This model applies to dense 
and dilute clusters of drops. 

A report proposes the development of a 
mathematical model of a turbulent eddy of 
gas that contains drops of liquid fuel. This 
report is closely related to those described 
in the two preceding articles, "Turbulence 
and Evaporation in Clusters of Drops" 
(NPO-17323) and "Effects of Turbulence 
on Ignition" (NPO-17335). The goal is to ini
tiate the development of a theory of the in
teractions of several eddies that contain 
drops during the evaporation, ignition, and 
combustion of liquid fuels injected into 
combustors. 

As a first step, the subgrid model of a 
cluster of drops used in the preceding ar
ticles is introduced. Equations are written 
for the velocity of gas at the surface of the 
sphere of influence and for the loss of 
mass, molecular species, and heat from 
the cluster. As in the second of the pre
ceding articles, transfers of mass, heat, 
and molecules from the surrounding gas to 
the cluster are modeled via a convective 
correction to a diffusive model, and the ef
fects of turbulence are examined via the 
two submodels of turbulence. 

The numerical results of the analysis are 
given as a plot of the nondimensionalized 
evaporation time versus the initial ratio of 
air mass to fuel mass. This plot and the 
conclusions with respect to the effects of 
turbulence on evaporation time are the 
same as those of the report described in 
the first of the two preceding articles. 

This work was done by Josette Bel/an of 
Ca/tech for NASA's Jet Propulsion Lal> 
oratory. To obtain a copy of the rep:;rt, 
"The Modeling of Drop-Containing Turbu
lent Eddies," Circle 160 on the TSP Re
quest Card. 
NPO-17336 

Aiming Instruments 
on the Space Station 

An improved pointing system 
is needed to meet 
specifications. 

A brief report discusses capabilities and 
requirements for the aiming of scientific in
struments to be carried aboard the pro
posed Space Station. The report is the 
product of a study by a team of experts 
who were asked to address two issues: (1) 
whether the system then envisioned for 
pointing the instruments at celestial targets 
would offer sufficiently low jitter, high ac
curacy, and high stability to meet scientific 
requirements and (2) whether it would be 
able to do so even in the presence of the 
many vibrations and other disturbances on 
the Space Station. 

The team assembled data on the point
ing requirements and on the capabilities of 
various kinds of mounts, drives, gimbals, 
and other components of pointing sys
tems. These data were analyzed by com
puter modeling of anticipated behaviors 
and by evaluation of the costs and feasibili
ties of the known equipment options. The 
team concluded that the system envi
sioned originally would not meet the re
quirements. 

A tradeoff study then followed to deter
mine the tentative architecture of a point
ing system that could perform better. The 
salient conclusion of this study was the 
recommendation to develop a pointing
actuator system that includes a mechani
callfluid base isolator underneath a reac
tionless gimbal subsystem. This kind of 
system appears to offer the greatest prom
ise of high performance, cost-effective
ness, and modularity for the job at hand. 

This work was done by Jay M. Estus, 
Robert Laskin, and Yu-Hwan Un of Caltech 
for NASA's Jet Propulsion Laboratory. 
To obtain a copy of the rep:;rt, "NASA Of
fice of Space Science and Applications 
Study on Space Station Attached Payload 
Pointing," Orcle 22 on the TSP Request 
Card. 
NPO-1 7518 
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Ozone/Ultravlolet-Photo-oxidation Reactor 
t'J Hydrazines are processed more thoroughly into harmless substances. 

Lyndon B. Johnson Space Center, Houston, Texas 
All experimental chemical-processing 

system destroys waste hydrazine in water 
by use of ozone in an ultraviolet-phot(}()xi' 
dation reactor. The conventional process 

for the disposal of hydrazines is chlorina· 
tion and oxidation by stirring with calcium 
hypochlorite in open tanks. This process 
emits partially oxidized compounds and 
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chlorinated and cyclic hydrocarbons, 
some of which are more dangerous than 
the hydrazines. In contrast, the new proc
ess reduces the concentrations of hydra-
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Liquid II Spr.yed In a reaction chamber past ultraviolet lamps, against a flow of oxygen and ozone. Hydrazlnes and Intermediate decomposi
tion products thereof are oxidized to harmless substances. 
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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 Math CAD 2.5, 
the only math package that looks 
and works the way you think. 

MathCAD 2.5 i",ludes 3-D pllJtting, HPGL sketch 
impm-t, atui PostScript 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 faster, 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 Post&riptIO compatible 
printers. 

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

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

It has over 120 commonly used 
functions built right in, for handling 
equations and formulas, as well as 
exponentials, differentials, cubic 
splines, FFTs 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 
60,000 engineers and scientists, 
including electrical, industrial, and 
mechanical engineers, physicists, 
biologists, and economists. ~~~~ 

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 IO 

March 14, 
1989 issue. 
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users, we present MathCAD 2.0, 
rewritten to take full advantage of 
the Macintosh interfuce. 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, 
dial1-800-MATHCAD (in MA, 
617-577-1017) . 

Available for IBM'" compatibles 
and Macintosh computers. 
TM and@signifymanufucrurer'srradcmarkor 
manufacturer's registered trade.mark. respectively. 

MatheA 
MathSoft, [nco One Kendall Square, Cambridge, MA 
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Circle Reader Action No. 628 



zines and intermediate decomposition pro
ducts in the effluent liquid and gas to below 
the limit of detectability. 

The batch of water containing hydra
zines is circulated between a sump tank 
and the photo-oxidation reactor (see fig
ure). The liquid is sprayed davvnward from 
6 nozzles at the top of the reactor, past a 
bank of 23 mercury-vapor germicidal 
lamps that generate the ultraviolet light. A 
flow of oxygen containing ozone is in
troduced through sparging tubes at the 
bottom of the reactor, directed upward 
against the spray. The ultraviolet light 
excites the ozone molecules to a more 
reactive state. The top of the reactor is 
vented to the atmosphere through a stain
less-steel-wire-rnesh mist eliminator. The 
reactor chamber and many of the other 
components of the system are also made 
of stainless steel. 

To generate the stream of oxygen con-

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. 

taining ozone, oxygen from a tank is 
passed through a drier to eliminate con
tamination by moisture, then fed to a high
voltage discharge in a commercially avail
able ozonator. The ozonator is cooled to a 
temperature of about 287 K (14 OC, Slightly 
below room temperature) to increase the 
concentration of ozone from the manufac
turer's stated figure of 2 weight percent to 
about 2.75 weight percent. 

The effectiveness and speed of the 
process depend on the maintenance of the 
circulating liquid at the correct pH, which 
appears to determine the lower limit of oxi
dation by ozone. A pH sensor and control
ler maintain the pH of the basic hydrazine 
solution within ± 0.5 of the optimum value, 
which lies between 9 (for low concentra
tions of chlorine-oxidizable species) and 11 
(for high concentrations). 

The temperature of the circulating liquid 
is sensed and controlled because it strong-

Pourable Foam Insulation 

A study identifies 
commercial materials for 
demanding applications. 

A report describes a search for polyiso
cyanurate/polyurethane foam insulation 
with superior characteristics. The search 
was prompted by difficulties with the pro-
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Iy affects the process in two competing 
ways: higher temperature increases the 
rate of reaction but also hastens the dis
solution and decomposition of the ozone. 
Which of these effects predominates de
pends on the concentration of the solution 
to be processed. The results of some experi
ments suggest that a higher tefTl)erature 
(1'\.1314 K) should be used initially because 
the net effect is to speed the reaction at 
a high concentration of chlorine-oxidizable 
species. Once the concentration is re
duced to 2.5 ppm, a lower temperature 
(1'\.1286 K) favors faster and more-complete 
chemical reactions. 

This work was done by Ari Ben Swartz 
and Richard E. Agthe of Lockheed Engi
neering & Management Services Co. for 
Johnson Space Center. For further infor
mation, Orcle 47 on the TSP Request Card. 
MSC-21488 

prietary insulation used on the external fuel 
tank of the Space Shuttle and by the desire 
to find a formulation of nonproprietary in
gredients for which chemical information 
is generally available. 

A typical current formulation consists of 
part A, containing isocyante functionalities; 
and part S, containing one or more polyol(s) 
and various additives. The report discuss
es the chemistry of current formulations. 
Tests of these formulations, of individual in
gredients, and of alternative new formula
tions are described. 

The search revealed commercially avail
able formulations that exhibit increased 
thermal stability at temperatures up to 
600 oc, can be poured readily before cur
ing, present a good appearance after cur
ing, and remain securely bonded to alumi
num at cryogenic temperatures. Besides 
thermal stability, pourability, appearance, 
and cryogenic bond strength, candidate 
formulations had to be curable at room 
temperature and to lose all tackiness - in
side and out - within 3 hours after mixing. 
Of the total of 42 different formulations in
vestigated, 10 were found to meet these re
quirements. On the basis of its overall per
formance, one of these formulations was 
selected as a standard for experiments to 
determine the effects of additives. Fire 
retardants, foaming agents, and catalysts 
were thus evaluated. 

This work was done by James A Harvey, 
John M. Butler, and Richard P. Chartoff of 
the University of Dayton for Marshall 
Space Flight Center. To obtain a copy of 
the report, "Development of Polyiso
cyanate Pour Foam Formulation for Space 
Shuttle External Tank Thermal Protection 
System," Orcle 92 on the TSP Request 
Card. 
MFS-27217 
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Com puler Programs 
53 Tracing Rays In a Solar 55 ATAM - Automated Trade 

Power System Assessment Modeling 
54 Simulating Scenes In Outer 55 Nonlinear Curve-Fitting 

Space Program 
54 Gaussian-Beam Laser-

Resonator Program 

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

ment and Information 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 
reference number on the TSP and 
COSMIC Request Card in this issue_ 

Tracing Rays in a Solar 
Power System 

The optical behavior of an 
offset paraboloidal collector 
and receiver is computed. 

OFFSET is a ray-tracing computer code 
for analysis of the optics of a solar collec
tor. The code models the distributions of 
solar flux within the receiver cavity, pro
duced by reflections from the collector. 
The code was developed to model mathe· 
matically the offset solar collector of the 
solar dynamic electric power system that 
is being developed for Space Station Free
dom. This solar dynamic system includes a 
receiver offset from the axis of a parabo
loidal collector, which reflects solar energy 
into the cylindrical cavity of the receiver. 
The solar energy heats a gas that drives a 
turbogenerator that produces electric 
power. 

The collector consists of 19 hexagonal 
panels. Each panel contains 24 triangular, 
reflective facets. The offset-paraboloidal
collector configuration is determined by an 
input file of coordinates of the corners of 
the facets. Other configurations could be 
chosen by changing this file, but modifica
tions to the FORTRAN code would be re
quired to simulate collectors that have 
other than 19 groups of 24 triangular fa
cets. 
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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 Ullilza
tlon Network. 

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

Unique features of this code include the 
following: 
1. Equations were developed to select 

sources of rays on the Sun pseud<rran
domly. These sources appear evenly dis
tributed, and their relative strengths show 
solar-limb darkening. 

2. Cone-optic techniques are used to add 
surface specular errors to the sources to 
determine the apparent sources of the re
flected sunlight. 

3. The contours of the reflective surfaces of 
the facets can be chosen to be spherical, 
ideal paraboloidal, or toroidal. 

4. Gaussian distributions of radial and tan
gential components of surface-slope er
rors are added to the perpendiculars to 
the surface at the 10 nodal points on each 
facet. 

5. Color contour plots of the distribution of 
flux incident on the receiver can be gen
erated by PATRAN processing of the out
put of the compJter code. 
The code has been used to develop a 

revised collector-facet concept of four 
groups of toroidally contoured (instead of 
spherically contoured) facets. The four 
groups have different facet curvatures, but 
the facets within each group are identical 
and interchangeable. The code is being 
used to develop methods for tailoring the 
distribution of flux incident on the receiver. 
These methods include offsetting the aper
ture of the receiver from the axis of the 
receiver and selecting aiming points for 
alignment of each of the facets. 

The OFFSET program was developed 
for the IBM 370 (VM) and is written in FOR
TRAN 77 (100 percent). Color contour plots 
require PATRAN (PDA Engineering, Costa 
Mesa, CA). OFFSET was developed in 
1987 and 1988. 

This program was written by Kent 
Jefferies of Lewis Research Center and 
Chris Gallo of W L Tanksley and Associ
ates. For further information, Orcle 116 on 
the TSP Request Card. 
LEW-1477B 

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 
sophistica ted sta tistics
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 
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12.5 M FLOPS 
32-bit Floating Point Array Processor 

for PC, Xl, AT, & Compatibles 

• 473 functions callable from C, 
FORTRAN, or Turbo Pascal 

• Software designed for up to 
8 PL 12501, running In parallel 

1 K Complex Floating Point FFT 8.35ms 

Complete with Software-S2695 

~~/an 6tj'M ~ta/~ 
771 G.ge Drive, S.n Diego, CA 92106 

(6191224-2158 • FAX (6191224-3958 
In Austr.lla: Compo Trans. Sys. 

(03) 537-2786 • FAX (03) 537-2786 
In C.nada: Barry Mooney & Associates 
(902) 665-4447 • FAX (902) 665-4838 

In Europe: Assentoft Electronics 
45 (86) 16 29 26 • FAX 45 (86) 16 2012 

In J.p.n: Kyokuto Boeki Kaisha (KBK) 
(03) 244-3790 • FAX (03) 24&-1846 

Clrcl. R •• der Action No. 675 

NASTRAN 
'89 Version 

Available Now 

• FASTER RUN TIMES 

• WORKSTATION 
VERSIONS 

• SOURCE CODE 

• BEGINNERS' 
WORKSHOP 

• CALL US! 

COSMIC 
ATHENS, GEORGIA 

(404) 542-3265 

54 Circle Reader Action No. 450 

Simulating Scenes In 
Outer Space 

Scientifically accurate 
simulations are 
generated quickly. 

The Multimission Interactive Picture 
Planner, MIP, is a computer program for 
scientifically accurate and fast, three-di
mensional animation of scenes in deep 
space. MIP is also versatile, reasonably 
comprehensive, and portable, and runs on 
microcomputers. New techniques were 
developed to perform rapidly the calcula
tions and transformations necessary to 
animate scenes in scientifically accurate 
three-dimensional space. IV. the same time, 
portability is maintained, inasmuch as the 
transformations and clipping have been 
written in FORTRAN 77 code. MIP was 
primarily designed to handle Voyager, 
Galileo, and the Space Telescope. It can, 
however, be adapted to handle other mis
sions. 

The simulated scene includes a rotating 
body (usually a planet), any natural satel
lites, a spacecraft, the Sun, stars, de
scriptive labeling, and field-of-view boxes. 
The central body and natural satellites are 
triaxial wire-frame representations with ter
minators' limbs, and landmarks. Hidden 
lines are removed for the central body and 
natural satellites, but not for the scene as a 
whole, so that bodies can be seen behind 
one another. The program has consider
able flexibility in its step time, observer p0-
sition, viewed object, field of view, and the 
like. Most parameters can be changed 
from the keyboard while the simulation is 
running. 

When MIP is executed, it asks the user 
for a control file, which should be prepared 
before execution. The control file identifies 
which mission MIP should simulate, the 
star-catalog files, the ephemerides files to 
be used, the central body, landmarks, and 
other constants. The control file also de
scribes the fields of view. Control files are 
included to simulate the Voyager 1 en
counter with Jupiter and the passage of the 
Giotto spacecraft by Halley's comet. Data 
are included for Voyager 1 and 2 (all six 
planetary encounters) and Giotto. 

MIPcomes in IBM PC or compatible for
mat, including a working example. It re
quires 512K of random-access memory, a 
CGA or compatible graphics adapter, and 
DOS 2.0 or higher. However, the program 
is primarily designed to be ported and con
figured on a wide variety of computers. 
Users must supply their cmn graphics primi
tives to clear the screen, change the color, 
and connect two<:Iimensional points with 
straight lines. Also, the users must tie in the 
graphics primitives along with their ephem
eris readers. MIP does everything else, in
cluding clipping. MIP was developed in 
1988. 

This program was written by John D. 
Callahan of Caltech for NASA's Jet Pr0-
pulsion Laboratory. For further informa
tion, Orcle 113 on the TSP Request Card. 
NP017246 

Gaussian-Beam Laser
Resonator Program 

Radii of laser beams 
are calculated as 
functions of position. 

In designing a laser cavity, the engineer 
is frequently concerned with more than the 
stability of the resonator. Other considera
tions include the sizes of the beam at 
various optical surfaces within the resona
tor and the performance of intraresonator 
line-narrONing or other optical elements. 
Laser resonators obey the laws of Gaus
sian beam propagation, not geometric 0p

tics. The Gaussian Beam Laser Resonator 
Program models laser resonators by use of 
Gaussian-beam-propagation techniques. It 
can be used to determine the radii of 
beams as functions of position in laser 
resonators. 

The algorithm used in the Gaussian 
Beam Resonator Program has three major 
components. Rrst, the ray-transfer matrix 
for the laser resonator must be calculated. 
Next, the initial parameters of the beam 
are calculated. These parameters are the 
stability of the beam, the radius and loca
tion of the waist of the beam in the input 
element of the resonator, and the curva
ture of the wavefront and radius of the 
beam at the input surface of the first ele
ment of the resonator. Finally the propaga
tion of the beam through the optical ele
ments is computed. 

The optical elements that can be mod
eled are parallel plates, lenses, mirrors, 
dummy surfaces, and gradenHndex (GRIN) 
lenses. A gradient-index lens is a good ap
proximation of a laser rod operating under 
a thermal load. The optical system may 
contain up to 50 elements. In addition to 
the internal beam elements, the optical 
system may contain elements external to 
the resonator. 

The GaLSSian Beam Resonator program 
was written in Microsoft FORTRAN (Ver
sion 4.01). It was developed for the IBM 
PS/280-071 microcomputer and has been 
implemented on an IBM PC compatible un
der MS DOS 3.21. The program was devel
oped in 1988 and requires approximately 
95K bytes to operate. 

This program was written by Patricia L 
Cross, Clayton H. Bair, and Norman 
Barnes of Langley Research Center. For 
further information, Orc/e 17 on the TSP 
Request Card. 
LAR-14000 
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~ Mathematics and 
~ InlOrmatlon Sciences 

ATAM - Automated Trade 
Assessment Modeling 

Figures of merit are 
generated for comparisons of 
proposed Space-Station 
data-management systems. 

The hrtcrnated Trade A$essment M0d
eling program, ATAM, is one of the software 
tools designed to assess candidate archi
tectures for the data-management system 
of the proposed Space Station. It is de
signed to discriminate among the candi
dates that have equally acceptable per
formance and reliability characteristics. It 
utilizes a data base, defined by the user, 
that contains information (cost, weight, 
volume, crew time, subsystem grouping, 
etc.) on a candidate architecture. 

ATAM assesses such trade factors of a 
system as weight, power consumption, 
and life-cycle cost. It produces detailed par
ameter assessments as well as a single fig
ure of merit for the candidate architecture. 
This information is then stored for com
parison with the figure of merit assessed 
for other candidate architectures. 

ATAMwaswritten for an IBM PC XlAT or 
compatible computer. It requires 400K of 
random-access memory, a hard disk, a 
printer with 132 columns, and DOS 3.1 or 
higher. ATAM was developed in 1986. 

This program was written by Antonio 
Vallone, Mei-Zong Wu, and Keith Hogie of 
Computer Sciences Corp. for Langley Re
search Cent.. For further information, 
Circle 102 on the TSP Request Card. 
LAR-13999 

Nonlinear Curve· 
Fitting Program 

A nonlinear optimization 
algorithm helps in finding 
the best-fit curve. 

A common method for fitting data is a 
least-squares fit. In the least-squares meth
od, a fitting function specified by the user is 
introduced in such a way as to minimize the 
sum of the SQuares of distances between 
the data points and the fitting curve. The 
Nonlinear OJrve Fitting Program, NLlNE
AR, is an interactive curve-fitting routine 
based on a description of the quadratic ex
pansion of the x.2 statistic. 

NLiNEAR utilizes a nonlinear optimiza
tion algorithm that calculates the best 
statistically weighted values of the param
eters of the fitting function and the x.2 that is 
to be minimized. The Inputs to the program 
are the mathematical form of the fitting 
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function and the initial values of the param
eters to be estimated. This approach pro
vides the user with such statistical informa
tion as goodness of fit and estimated 
values of parameters that produce the 
highest degree of correlation between the 
experimental data and the mathematical 
model. 

In the mathematical formulation of the 
algorithm, the Taylor expansion of x.2 is first 
introduced, and justifications for retaining 
only the first term are presented. From the 
expansion, a set of n simultaneous linear 
equations are derived and are solved by 
matrix algebra. To achieve convergence, 
the algorithm requires meaningful initial es-

timates for the parameters of the fitting 
function. 

NLiNEAR is written in FORTRAN 77 for 
execution on a CDC Cyber 750 computer 
under NOS 2.3. It has a central-memory re
quirement of 5K 6O-bit words. Optionally, 
graphical output of the fitting function can 
be plotted. Tektronix PLOT-10 routines are 
required for graphics. NLiNEAR was de
veloped in 1987. 

This program was written by Joel L. 
Everhart of Langley Research Center 
and Forooz F. Badavi of PRC Kentron, Inc. 
For further information, Circle 101 on the 
TSP Request Card. 
LAR-13934 

Advanced coating 
and laminating 

technology 
Rexham custom coats and 
laminates flexible films, foils, 
and papers for use in electronics, 
aerospace materials, repro
graphics, and other high
performance applications. 

You find resources developed 
during 30 years' work with high
precision projects-
• Coating accuracy 

capabilities in the 
millionths 

Coatlng/lamlnatlng 
lines (4 plants) 
+ new plant (1990) 
Clean rooms 
(4 plants) 

+ new plant 

15 
2 

8 CiaIB 10,000 
to Class 1,000 

2 CiaIB 100 
~-""","""-------I 

• Clean room manufacturing 
• Sophisticated on-line quality 

inspection 
• Extensive analytical 

capabilities 

Call for our Creden
tials Package. Complete 
confidentiality guaranteed. 

Rl!xham 
Industrial 
P.O. Box 368 
Matthews, NC 28106 
(704) 847-9171 

COIltlrij~td laminating precision 
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~~deformation. 
Higher 

Pressure 

Marshall Space Flight Center, 

Alabama 

A single-piece gland forms a tight seal 
on a probe or tube that contains liquid or 
gas at high pressure. The gland and probe 
align themselves as they are assembled by 
a simple torquing procedure. They can be 
disconnected easily and reused at the 
same site. They can be made from any of a 
wide variety of materials so that they are 
compatible with the application. 

Metal 
Boss 
Seal 

Lower 
Pressure 

82 A-Curv. Inst.blllty 
C.lculatlon. of Crack 
Growth 

82 U.lng NASTRAN To 
An.lyz. Vibration. of 
RotorBI.d •• 

HOUSing 

Conventia1aI pressure fittings for probes 
consist of two to four pieces and require 
mor~omplicated assembly procedures. 
Often they include soft sealing parts that 
cannot be reused. Often too they demand 
custom engineering to ensure compatibili
ty with the particular operating environ
ment. VERSION WITH METAL BOSS SEAL 

The gland is placed on the tube or probe. 
In one version (see figure), a metal boss 
seal is added below the gland. The gland is 
then threaded into a hole in the housing to 
which the tube or probe is to be sealed. The 
cantilever action of the upper end of the 
gland deforms the wall of the tube or probe, 
thereby sealing the wall to the gland 
around the circumference. At the same 
time, the gland compresses the boss ~n 
one version) or mates with a conical seal
ing surface of its lower end ~n another ver
sion), thereby sealing the base of the gland. 
The lower pressure inside the gland en
hances the deformation and pressure 
seals. 

The wall of the tube or probe must be 
thick enough to accommodate the defor
mation without rupturing. The maximum 
deformation is designed in coordination 
with the seating and deformation of the 
boss or conical seal. 

This 'WOrk was done by Patrick B. Melton 
of United Technologies Corp. for Marshall 
Space Right Center. No further docu
mentation is available. 

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 16].Referto 
MFS-28328 
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Conical 
Seal 

VERSION WITH CONICAL SEAL 

Higher 
Pressure 

Lower 
Pressure 

The Cantilever Ring at the Top ofthe Gland bites into the wall ofthe tube or probe, sealing it. 
The deformation is exaggerated in this partial cutaway view. 
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Mechanical Device Traces Parabolas 
Continuous curves are generated and pOints located with ease. ~J 

-------------------------------------~~ Lyndon B. Johnson Space Center, Houston, Texas 

A mechanical device simplifies the gen-
eration of parabolas of various focal lengths. 
The device is simple in design and easy to 
use because it is based on the fundamen
tal geometric construction of the parabola. 
Ukely applications of the device include 
the design of paraboloidal antennas, ap
proximating catenaries on drawings of 
powerlines or long-wi re antennas, and gen
eral tracing of parabolas on drawings. 

The device (see figure) includes a radius 
track (dimension r) and a perpendicular fo
cal-point track that lies along the axis (di
mension z) of the parabola. A depth track, 
also aligned along the z direction, is joined 
to the radius track by a pair of back-to-back 
linear bearings. These bearings allow the 
depth track to slide along its own length or 
to move along the radius track, while con
straining the depth and radius tracks per
pendicular to each other. 

A nonrotating pulley is clamped at the 
desired position along the focal-point track. 
The center of this pulley defines the focal 
point. A cable clamped to this pulley ex
tends to and around a movable pulley of 
equal diameter on the - z end of the depth 
track and terminates at a cable clamp on 
the back-to-back linear bearings on the r 
axis. The vertex of the parabola is chosen 
to lie at the desired focal distance, f, along 
the z axis below the focal point. (Alterna
tively, the vertex could be chosen first and 
the focal point located at a distance f along 
the z axis above the vertex.) 

After the focal point and vertex are 
chosen, the depth track is moved near the 
focal-point axis and adjusted until the 
center of the movable pulley lies at the 
vertex. While the depth track remains in 
this position, the cable is unclamped at one 
end, tightened to remove slack, and then 
reclamped. 

Thereafter, pulling downward and right-
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The Parabola·Traclng Device is based on the fundamental geometrical construction of the 
parabola. The constancy of the critical total distance is enforced by maintaining the cable in 
tension. 

ward on the depth track while keeping the 
cable in tension causes the center of the 
pulley at its end to move along the locus of 
points for each of which the sum of the dis
tance to the focal point and the distance to 
the radius track is the total length of the 
clamped cable less the length of cable 
wrapped on the two pulleys. By definition, 
this locus is the parabola 

z = (r2/4f) - a 

where a is the distance from the r axis to 
the vertex. It is not necessary to correct for 
the wrap of the cable on the pulleys be
cause the total length of wrap about both 
pulleys remains constant as the curve is 
traced. 

This work was done by Terry A. Soper of 
Lockheed Engineering and Management 
Services Co. for Johnson Space Center. 
For further information, Circle 165 on the 
TSP Request card. 
MSC-21421 

Algorithm for Hypersonic Flow in Chemical Equilibrium 
An improved shock-capturing scheme is mathematically stable. 

Ames Research Center, Moffett Field, California 

An implicit, finite-difference, shock~ap
turing algorithm calculates inviscid, hyper· 
sonic flows in chemical equilibrium. The 
algorithm is an intermediate product of 
continuing efforts to understand flows of 
air and other gases about blunt bodies 
where ideal-gas conditions do not apply. 
The shock~apturing scheme was chosen 
over a shock·fitting scheme because 
shock-fitting schemes tend to be less flexi-
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ble and computationally more expensive. 
Although it is more difficult to make into a 
computer program, the implicit formula· 
tion was chosen because it overcomes the 
limitation on mathematical stability en· 
countered in explicit formulations. 

For the dynamical portion of the prob
lem, the Euler equations are written in con
servation·law form in a Cartesian coordi· 
nate system (x, y) for two-dimensional or 

axisymmetric flow. These equations are re
formulated in terms of a generalized, equi· 
spaced coordinate system (t "') that can be 
related via a Jacobian transformation to a 
curvilinear coordinate system that con
forms to the b . .c..: I in the flow field. An equa
tion of state is derived to relate the total 
energy density to the pressure and the ki
netic-energy density. The temperature, 
pressure, and density are related via the 
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thermally perfect equation of state. 
The part of the algorithm devoted to the 

foregoing equations is similar in its basic 
form to the approximate-factorization al
gorithm of Beam and Warming. The differ
ences that correspond to the spatial deriv
atives are calculated via a flux-splitting 
technique, in which matrices and vectors 
that express the various coordinate trans
formations and flO'N variables are split into 
upstream- and downstream-propagating 
parts. These give rise to backward- and for
ward-difference approximations. The ma
jor advantage of this approach is that the 
resulting algorithm is naturally stable and 
can capture strong shocks without the help 
of artificial-dissipation terms to damp out 
spurious numerical oscillations. 

For the chemical portion of the problem, 
the equilibrium state of the gas at each 
point in the computational grid is deter
mined by minimizing the local Gibbs free 
energy, subject to the local conservation of 
molecules, atoms, ions, and total enthalpy. 
The minimization is performed by the tech
nique of Lagrange multipliers. The Newton
Raphson technique is used to find the up-

dated values of these multipliers and of the 
temperature and the number densities of 
the species. 

The algorithm was tested with a Mach-20 
flO'N of air over a hemisphere at free-stream 
conditions of pressure corresponding to an 
altitude of 20 km and a temperature of 216.7 
K (see figure). The calculated pressures, 
temperatures, and densities were general
ly within a few percent of previously pub
lished results. 

This work was done by Grant Palmer of 
Ames Reseach Center. Further informa
tion may be found in AIM Paper No. 87-
1580, "An Implicit Flux-Split Algorithm to 
Calculate Hypersonic Flowfields in Cilemi
cal Equilibrium. " 

Copies may be purchased [prepayment 
requiredjfrom AIM Technical Information 
Service Ubrary, 555 West 57th Street, New 
York, New York 10019, Telephone No. 
(212) 24 7-6500. 

Inquiries concerning rights for the com
mercial use of this invention should be ad
dressed to the Patent Counsel, Ames 
Research Center [see page let Refer to 
ARC-1214D. 

Incident 
Airflow 

Normalized Temperatures as computed by 
the algorithm for the flow around a hemi
sphere are plotted on isothermal lines in 
half of a meridional plane. 

Tamper-Resistant Secure Disposal Container 
A closure device shuts the container when it is ti pped on its front, back, or sides. 

NASA 's Jet Propulsion Laboratory, Pasadena, California 
A closure device for secure waste con

tainers prevents classified papers and 
other proprietary articles from being 
withdrawn when the container is turned on 
its side. In an earlier version of this device, 
a secure container has interdigitating 
combs hanging at its opening. If the con
tainer is turned upside down in an attempt 
to shake out its contents, the combs flop 
downward and mesh over the opening, 
preventing the contents from falling out. 
However, if this type of container is laid 
sideways, it could be vulnerable to tamper
ing by a pair of tongs. 

The new closure has a pendulum that 
swings a comb into its closed position 
when the container is turned on its side. 
The pendulum is suspended with its axis of 
rotation perpendicular to the axes of the 
combs (see figure). The pendulum extends 
through a D-shaped cam ring, that is at
tached to the upper comb with standoff 
struts. 

When the container is tilted sideways, 
the pendulum Swings along the arc side of 
the D-shaped ring. In so doing, it forces the 
cam ring aside, thereby moving the upper 
comb toward the closed position. 

If the container is tilted forward or 
backward so that the combs close, the 
pendulum does not interfere with the comb 
movement. The width of the Dring accom-
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The Sideward Movement of the Container swings the pendulum, which drives the upper comb 
toward the container opening. Forward or backward movement of the container actuates both 
the upper and lower combs in the conventional manner but does not involve the pendulum. 

modates the closing motion of the upper 
comb without engaging the pendulum on 
the flat side. 

Uke the combs, the pendulum shank 
and the cam ring can be made of inexpen
sive, heavy-gauge wire. The pendulum 
should be quite heavy so that it can over
come pivot friction and other restraining 

forces. Spring catches can be added to the 
combs so that if they are actuated and 
close the container opening, they lock in 
place to prevent further tampering. 

This work was done by Earl R. Collins, 
Jr. , of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Circle 
128 on the TSP Request Card. NPO-16639 
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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. 

Bearing-Bypass Loading on 
Bolted Composite Joints 

An unexpected interaction 
between the effects of 
bypass and bearing 
loads is reported. 

Joints of composite materials have 
often been designed by use of simple pro
cedures developed for parts made of 
metals. In most such cases, the design 
strains in the affected structures have 
been limited by considerations of tolerance 
to damage, and at low levels of strain in the 
structures, the joints have been adequate. 
However, as tougher composites come in
to use, design strains will rise, and re
quirements on the joining of structures will 
become more stringent. 

Analytical procedures for the design of 
joints should be based on a sound under
standing of the responses of composite 
materials under loading conditions similar 
to those in multi-fastener joints. Within mUl
ti-fastener joints, fastener holes may be 
subjected to both bearing loads and loads 
that bypass the holes. The ratios of the 
bearing loads to the bypass loads depend 
on the stiffnesses and configurations of the 
joints. 

As a joint is loaded, this bearing{)ypass 
ratio at each fastener remains nearly con
stant until damage begins to develop. In 
general, different bearing-bypass ratios 
produce various failure modes and a dif
ferent strength for each fastener hole. Ac
cordingly, a combined experimental and 
analytical study described in a NASA 
technical memorandum was conducted to 
investigate the effects of simultaneous 
bearing and bypass loading on a graph
ite/epoxy laminate. 

Tests were conducted with a test ma
chine that enables the bearing{)ypass load 
ratio to be controlled while a single
fastener coupon is loaded to failure in 
either tension or compression. Each test 
coupon consisted of 16-p1y quasi-isotropic 
graphite/epoxy laminate with a centrally 
located 6.35-mm bolt that had a clearance 
fit. The center of the specimen was bolted 
between two bearing-reaction plates that 
were attached to the load frame via two 
load cells. 

The ends of the specimen were then 
gripped and loaded independently by up
per and lower servocontrol systems. Any 
difference between these two end loads 
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produced a bearing load at the central bolt 
hole. This bearing load was measured by 
the load cells under the bearing-reaction 
plates. The end loads were synchronized 
by a common input Signal. As a result, a 
constant bearing-bypass ratio was main
tained throughout each test. 
Damag~set and ultimate strengths 

were determined for each test case. The 
computed local stresses were used with 
appropriate failure criteria to analyze the 
observed failure modes and strengths. An 
unexpected interaction of the effects of the 
bypass and bearing loads was found for 
the onset of compression-reacted bearing 
damage. This interaction was caused by a 
decrease in the boIt-hoie contact arc and a 
corresponding increase in the severity of 
the bearing loads. The amount of bolt-hole 
contact had a significant effect on local 
stresses and thus on the calculated dam
age-onset strengths. 

An offset~pression mode of failure 
of the laminate was identified under com
pression bearing-bypass loading. This 
mode of failure appears to be unique to 
compression bearing-bypass loading and, 
therefore, cannot be predicted from simple 
tests. Therefore, there may be a need to 
combine predictions of laminate bearing
bypass strengths with selected bearing
bypass testing to account for the offset
compression failure mode. 

These results are important in the emerg
ing technology of composites for use in a 
wide range of applications. These include 
applications in aircraft, boats, and automo
biles, in which bolted connections to com
posites will be increasingly important. 

This work was done by John H. Crews of 
Langley Research Center and Rajiv
Vikas A. Naik of PRCIKentron. Further in
formation may be fowd in NASA TM89153 
[N87-25437], "Bearing-Bypass Loading on 
Bolted Composite Joints." 

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. 
LAR-14106 

Mathematical Models of 
Turbulence In 
Transonic Flow 

Predictions of several models 
are compared with 
measurements of a 
well-documented flow. 

A report reviews the performances of a 
variety of mathematical models of turbu
lence in transonic flow. The predictions of 
these models are compared with meas
urements of the flow in a wind tunnel along 
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the outside of a cylinder that has an axi
symmetric bump of circular-arc cross sec
tion in a meridional plane. This review Is 
part of a continuing effort to calibrate and 
verify computer codes for the prediction of 
transonic fkJM; about airfoils. 

The bumpy-cylinder experiment was 
chosen as the standard of comparison for 
two reasons: (1) the aerodynamic effect of 
the bump Is similar to that of the upper sur
face of an airfoil, and (2) the experiment Is 
well OOclKTlet1ted and free of both uncer
tainties In the angle of attack and interfer
ence from the walls of the wind tunnel. The 
measurements Included surface pres
sures, mean velocities, and Reynolds 
stresses. 

The fIcMt about the cylinder was com
puted by a series of computer codes that 
accommodate the various turbulence 
models under test. The codes used an ex
plicit second-order, predictor/corrector 
finitEH1ifference algorithm modified by an 
efficient implicit algorithm. The oomputa
tional mesh had variable spaCing In the 
radial and axial directions. The ~tream 
boundary conditions were uniform free
stream conditions, with the total pressure 
and temperature held constant and the 
static prqlertles found from relationships 
based on the method of characteristics. 
Downstream, the boundary conditions 
were the setting of all axial gradients to 
zero. In all cases, the surface boundary 

The 
conductive-plastic 
LWG is specially designed 
to work hard in rigorous 
mechanical testing applications. 
It features an actuating rod so 
coupled to the wiper contact that play 
is eliminated, enhanCing accuracy and 

conditions were zero velocity and nearly 
adiabatic wall temperature. Uniform free
stream conditions were awlied at the far 
radial boundary. . 

The models tested are summarized as 
follows: 
• The Cebeci-and-S-nith turbulence model 

divkjes the boundary layer into inner and 
outer sublayers. In the inner sublayer, the 
eddy viscosity Is expressed algebraically 
with a length scale that is the distance 
from the surface and with a velocity scale 
that is the shear velocity. In the outer 
sublayer, these scales are the displaC& 
ment thickness and the velocity at the 
edge of the boundary layer. 

• The model of .xtlrmn and King also divides 
the boundary layer into two sublayers 
wherein the eddy W!cooltles are expressed 
algebraically. In the Inner sublayer, the 
velocity scale In this model depends on the 
maximum shear stress within the bound
ary layer. This stress is found from the 
solution of an ordinary differential equatioo 
that represents the rate of the deve1op
ment of the maximum shear stress with 
dstance along the surface. Compared to 
the Cebecl-and-Smith model, the John
son-and-King model contains two addi
tional coefficients. 

• The model of Jones and Launder is an ex
ample of models that employ two addi
tiooal partial differential field equations to 
evaluate the velocity and length scales of 

operating life. The transducer can be mounted by its twin 
spherical bearings over SWivelling pivot heads with an angle 
of movement of up to ± 30°, reducing side load errors to zero. 

The LWG features standard linearity to ± 0.05%, resolution 
better than 0.01mm, and an operating life of 100 x 106 operations 
@ - 30 to + 100°C, 5 to 2000 Hz vibration . The series is available in 
seven electrical stroke lengths between 150 and 750mm. 

For Novotechnik's 
full-line catalog of transducers, novotechnik 
sensors and potentiometers 
call or write: Sledle Group 
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the turbulence, thereby alloMng for the 
rate processes in the de'v'eqxnent in the 
local state of the scales of turbulence. In 
this model, the dependent variable in the 
first equation Is the kinetic energy of tur
bulence, whereas that in the second aqua
tioo is the rate of ~tioo of the kinetic 
energy of turbulence. 
• The model of Wilcox and Rubesin is similar 

to that of Jones and Launder in that two 
turbulence field equations also are em
ployed to yield turbulence scale quantities 
on which to base the eddy viscosity. In this 
model, the variable used to develop the 
length scale Is the rate of dissipation divid
ed by the klnetic energy. 

• Two models deveIqJed by Coakley are 
modified versions of the Jones-and
Launder and Wilcox--and-Rubesin models, 
designed to ease numerical difficulties en
countered with them. 
The Johnson-and-King model proved 

superior in predicting the transonic flow 
over the bumpy cylinder. However, as the 
authors are careful to indicate, it is general
ly accepted that there is no unique way of 
mathematically modeling turbulence in 
transonic flow fields, and some field
equation models with wail-function bound
ary conditions can be oompetitive with the 
Johnson-and-King model. 

This work was done by Morris W. 
Rubesln and John R. Viegas of Ames Reo 
MarCh Center. To obtain a copy of the re
port, "Turbulence and Modeling in Tran
sonic Flow," Orc/e 117 on the TSP Request 
card. 
ARC-12m 

Analysis of Straight and 
Wavy Annular Seals 
Rotordynamic coefficients 
are derived. 

A report presents an analysis of incom
pressible flow in an annular turbopump 
seal with a straight or radially/axially wavy 
(azimuthally symmetrical) surface facing 
the shaft. The purpose of the analysis is to 
quantify the effects of the waviness on the 
rotordynamic coefficients of the seal. 

The basic equations of incompressi
ble flow in the seal are derived by use of 
a control-volume model. The flow is as
sumed to be completely turbulent in the ax
ial and circumferential directions with no 
separation and is modeled by Hirs' equa
tions of turbulent lubrication. Unearized 
zeroth- and first-order perturbation equa
tions are devel~ for small motion about 
a centered position by an expansion in the 
eccentricity ratio. 

The zeroth-order continuity and momen
tum equations are solved exactly, yielding 
the axial and circumferential velocity com
ponents and the pressure distribution. The 
first-order equations are reduced to three 
ordinary complex differential equations in 
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the axial coordinate. The equations are in
tegrated to satisfy the boundary conditions 
and yield the perturbation pressure distri
bution. This resultant pressure distribution 
is integrated along and around the seal to 
yield the force developed by the seal and 
the corresponding dynamic coefficients. 

A comparison of the rotordynamic coef
ficients for wavy smooth, wavy rough , 
straight smooth, and straight rough seals 
shows the following: 
• A wavy seal produces less direct stiffness 

than does the corresponding straight seal. 
• A wavy seal produces more direct damp

ing than does the corresponding straight 
seal. 

• A wavy seal produces more cross-coupled 
stiffness than does the corresponding 
straight seal. 

• The whirl frequency is approximately the 
same in both of the smooth seal configura
tions. H(MIever, the whirl-frequency ratio 
of the wavy rough seal is considerably less 
than that of the straight rough seal. 
This work was done by Joseph K. 

Scharrer of Rockwell International Corp. 
for Marshall Space A ight Center. To ob
tain a copy of the report, "The SSME 
HPFTP Wavy Interstage Seal: Part 1-
Seal Analysis," Circle 32 on the TSP Re
quest 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 16}.Referto 
MFS-29584 

Numerical Simulation of 
Turbine Rotorl 
Stator Interaction 

Unsteady effects in 
flows are studied. 

A report describes the numerical simu
lation of time-varying flows around multiple 
rotor and stator airfoils in a turbine. Studies 
like this one can be helpful in improving the 
performance obtainable from various tur
bine designs and in studying unsteady ef
fects - for example, unsteady loads on 
the airfoils. 

The study is conducted with the help of a 
new computer program that can simulate 
the fI(MI in a turbine stage configured with 
unequal numbers of rotor and stator air
foils. The program is based on the thin
layer Navier-Stokes equations of unsteady, 
two-dimensional flow. The region of in
terest is discretized with patched and over
laid grids that move relative to each other 
to simulate the motion of the rotor airfoils 
with respect to the stator airfoils. The pro
gram integrates the Navier-Stokes equa
tions via an upwind finite-difference 
scheme that is spatially accurate to third 
order, temporally accurate to second 
order, and set in an iterative implicit frame
work. 
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The computer code was used to simulate 
subsonic flow past a turbine stage for 
which considerable experimental data 
have been collected. Numerical results 
are obtained for a one-rotor lone-stator 
configuration and for a four-rotorlthree
stator configuration. The four-rotorlthree
stator case had a pitch ratio much closer to 
that of the experimental case. 

agree well with the experimental data. The 
surface-pressure amplitudes and phases 
calculated for the four-rotorlthree-stator 
configuration are found to agree much be
tter with the experimental data than do the 
data calculated for the one-rotor/one-sta
tor configuration. 

Numerical results presented include 
time-averaged pressures on the surfaces 
of the airfoils, the amplitudes and phases of 
the fluctuations in those pressures, and in
stantaneous pressure contours. The time
averaged surface pressures for the two 
configurations are almost identical and 

This work was done by Man Mohan Rai 
of Ames Research Center and Nateri K. 
Madavan of Sterling Federal Systems. To 
obtain a copy of the report, "Multi-Airfoil 
Navier-Stokes Simulations of Turbine Ro
tor-Stator Interaction," Circle 118 on the 
TSP Request Card. 
ARC-12293 
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............. EXTREME ENVIRONMENT 
AEROSPACE SEALING TECHNOLOGY 

Even under these difficult operat
ing conditions, commonplace in 
aerospace, the resilience found 
only in EnerRing all-metal seals 
causes them to "spring-back" 
and maintain continuing 360 0

, 

no-leak, seal-face contact. 
12 lIt.a Up. For 35 years, 

we have made big Metal-O-
Ring seals in a wide range of 
X-sections, and from the most 
technologically advanced metals, 
in o.O.s up to our giant 25' 
nuclear pressure vessel seals. 

No ... 1 o.t.rlor.tlon. Unl ike 
polymers, all-metal EnerRings 
don't crack or shrink; are dimen
sionally and chemically stable; 
and suffer no shelf-life or in-use 
deterioration, assuring continuing 
resilience. 

MIL·I-4S20IA is among the 
many strict quality standards 
met. The properties of all 
materials used are closely 
documented. 

In·Hou.e Jlroductlon means 
that design, engineering, manu
facturing, and silver, nickel and 
other plating are performed 
under the strict supervision of 
qualified, experienced personnel. 

ASK 'OR 'REE DESIGN DATA 
(203) 239-3341 0 Fax (203) 234-7233 

ADVANCED PRODUCTS CO. 
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R·Curve Instability 
Calculations of 
Crack Growth 
In some cases, 
calculations can be done 
on pocket calculators. 

A report discusses the use of the insta
bility method of calculation and R-curve 
mathematical models to analyze the 
growth of cracks in fracture-mechanics 
specimens. In the case of a single material 
and structure, such an analysis is s0me

times simple enough to be done on a pock
et calculator. Where a microcomputer or 
larger computer is available, a comprehen
sive program can include libraries of 
drMng-force equations for various config
urations and R-curve mathematical mod
els for different materials. 

The R-curve is a phenomenological de
scription of the monotonic fracture process. 
It Is a plot of the resistance of a specimen to 
the growth of a crack versus the extension 
of the crack. For analysis in the region in 
'Itlich instability is expected (or in any other 
region of interest), any of a variety of 
mathematical models can be fitted to the 
data on the R-curve by nonlinear regres
sion analysis. Representative models in
clude polynomials, power laws, exponen
tials, inverted hyperbolas, arc tangents, 
and hyperbolic tangents. 

In the instability method, one requires 
that both the magnitudes and the slopes of 
the crack-driving-force curve and the re
sistance curve of the specimen be equal at 
the point of instability. The author describes 
Instability calculations that Incorporate 
R-curve models of elastic behavior and 
others that incorporate R-curve models of 
elastoplastic behavior. These R-curve 
models are fitted to plots of experimental 
data on crack-growth resistance versus 
crack extension in aluminum and steel 
specimens. 

The author concludes that the instability 
method Is simple and effective and that the 
model equations studied are all viable in 
the sense that at least one of them should 
fit almost any applicable set of crack
growth data. The empirical coefficients of 
the models are estimated easily from plots 
of the raw data. In combination, the meth
od and models constitute powerful mathe
matical tools for the analysis of fractures. 

This work was done by Thomas W. 
Orange of lAwIt ...... rch Cent •. Fur
ther information' may be found In NASA 
TM-100935 [N88-23278], "Method and 
Models for R.QJrve Instability Calculations." 

(})pies 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) 33&4700. 
LEW-14B41 

Using NASTRAN To 
Analyze Vibrations of 
Rotor Blades 
Nonlinear and linear analyses 
are combined. 

A report gives information on the use of 
the NASTRAN computer program in the fi
nite-element analysis of rotating flexible 
blades like those in compressors and on 
turboprop engines. The program predicts 
steady-state components of deflections 
and stresses under centrifugal forces, gen
erates data for plots of natural frequency 
versus rotational speed, and provides vi
bration-mode data for calculations of flut
ter. NASTRAN Is well suited to such analy
ses because it can compute steady-state 
displacements by geometrically nonlinear 
analysis and can use the results for nor
mal-modes analysis. 

The report describes the use of NAS
TRAN solution sequence 64 for geometri
cal nonlinear analysis and solution se
quence 63 for the determination of the 
frequencies and vibrational-mode shapes. 
It includes a sample problem with NAS
TRAN input data. It emphasizes key factors 
in the analysis of rotating blades, such as 
the setting angle and centrifugal softening 
effects. 

Solution sequence 64 performs a large
displacement analysis on a rotating blade, 
computes the displacements and stresses 
caused by rotation, and stores the final 
stiffness and mass matrices of the blade in 
a data base. The large-displacement analy
sis is necessary because the blades are 
flexible and deflect considerably. 

Solution sequence 63 computes the 
modal parameters from the final mass and 
stiffness matrices. The matrices corre
sponding to the deformed blade must be 
used so that centrifugal stiffening and 
other effects of rotation are included in the 
modal analysis. 

The combined analyses of solution se
quences 64 and 63 reduce computer time 
and the number of output listings, in com
parison with those of separate analyses. In 
general, central-processing-unit time can 
be cut in half. 

This 1M)(/( was done by 01arIes Lawrence, 
Robert A Aiello, and Michael A Ernst of 
lAwIt RetHrch Cent. and Oliver G. 
McGee of Ohio State University. Further In
format/on may be found In NASA TM-
89861 [N87-21375], "A NASTRAN Primer 
for the Analysis of Rotat/ng Flexible 
Blades." 

OJpies 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) 33&4700. 
LEW-14799 
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THERE'S A NEW 
STANDARD IN REAL·TIME 

COMPUTING FOR MEASUREMENT 
ANDCO TIt.,L 

Find the 24-karat solution for your measurement and 
control appl ications at Concurrent Computer Corpora
tion , the world leader in real-time computing. 

Cost-effective real-time computing power coupled 
with standards like VMEbus,TM X Window system,TM 
DECnet ,TM and a real-time enhanced UNIX® operating 
system are just a few of the solid-gold competitive ad
vantages you get from Concurrent. With Concurrent you 
can shorten your software development cycle, lower 
your support costs, and get your new projects up 
and runn ing faster. And our gilt-edged product line, 
ranging in price from $10,000 to more than $1 mill ion , 
is backed by a world wide support organization . 
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Herd.ere Techniques, end 
Processes 
84 Adaptive Control for 

Cooperative Dual Robot 
Arms 

Adaptive Control for Cooperative Dual Robot Arms 
~~ Simple control strategies are derived from control strategies for single arms. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
Three strategies have been proposed 

for the adaptive control of two cooperative 
robot arms. In comparison with other digi· 
tal control systems that have been consid
ered for multiple robot arms, controllers to 
implement these strategies would have 
simple structures and would be computa
tionally fast enough for operation at high 
sampling rates. Dual-arm control strate
gies of the new type have yielded promis
ing results in numerical simulations, and 
the general approach can be extended to 
greater numbers of arms. 

The control architecture is based on the 
trilevel hierarchical control of two robot 
arms (see figure). The high level plans the 
task to be performed and decomposes the 
task into appropriate subtasks for the right 
and left arms. In the intermediate level, 
each subtask is transformed into a se
quence of synchronous desired trajecto
ries of end-effector motions and applied 
forces. The low level is concerned with the 
execution of the desired trajectories and 
employs feedback from the current status 
of the arms. In this hierarchy, the low level 
"achieves" the desired motion and op
erates in "millisecond" time scale, the in
termediate level "determines" the motion 
desired for the subtask in "second" time 
scale, and the high level "plans" the sub
task sequences in "minute" time scale. 

Single-arm control strategies developed 
previously are applied at the low level of the 
hierarchy. In each dual-arm strategy, a suit
able task-related coordinate frame of refer
ence is chosen for both arms, and the de
sired motions and applied forces for each 
arm are expressed in this frame. Then 
each arm moves as though it were carry
ing out the commanded motion by itself in 
this frame. The adaptive controllers ensure 
that the controlled variables track the 
desired reference commands and reject 
the unwanted disturbances caused by in
teraction forces and torques exerted by 
each arm on the other arm through the 
load. 

In the positionlposition control strategy, 
the adaptive controllers ensure that the 
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The New Dual-Ann Control Strategies are implemented at the low level of the control hierar
chy. Each arm is operated independently under a single-arm control scheme that treats 
forces and torques transmitted through the load as though they were disturbances. 

end-effector positions of both-arms track 
desired trajectories in Cartesian space 
despite unknown time-varying interaction 
forces exerted through the load. In the po
sitionlhybrid control strategy, the adaptive 
controller of one arm controls end-effector 
motions in the free directions and applied 
forces in the constraint directions, while 
the adaptive controller of the other arm en
sures that the end effector tracks desired 
position trajectories. In the hybridlhybrid 
control strategy, the adaptive controllers 
ensure that both end effectors track refer
ence position trajectories while simultane
ously exerting desired forces on the load. 

In the generalization to N cooperative 
arms (N) 2), an important feature of this 
approach is that the overall control system 
is reduced to N decentralized independ
ent single-arm controllers. Available tech
niques for single-arm control can be uti
lized directly in multiple-arm environments. 

The control schemes require no communi
cation among individual controllers - an 
appealing feature in terms of both compu
tation and reliability. The new control strat
egies do not require the knowledge of such 
load parameters as mass and stiffness or 
such dynamic parameters of the robot as 
the masses and inertias of links. Therefore, 
these strategies can cope with uncertain
ties or variations in the parameters. Fur
thermore, the complex dynamic models of 
the arms are not used in generating the 
control actions. 

This work was done by Homayoun Seraji 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Orcle 
27 on the TSP Request Card. 

Inquiries concerning rights for the com
mercial use of this invention should be ad
dressed to the Patent Counsel, NASA Resi
dent Office"PL [see page 16J Refer to 
NPO-17368 
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Fabrication Technology 
Hardware Techniques, and 
Processes 
67 Making Reliable Large

Diameter O-Rings 
68 Aligning Plasma-Arc 

Welding Oscillations 

68 Adherent Thermal Barrier 
for Combustion Chamber 

69 Caldron for High 
Temperature Alloys 

70 Jig Aligns Mask on CCD 

Making Reliable Large-Diameter O-Rings 
Vacuum curing yields joint-free, voidless elastomer seals. 

Marshall Space Flight Center, 
Alabama 

A method for manufacturing large<liam
eter O-rings produces them in single 
pieces, without bonded jOints. The method 
also reduces the probability that trapped 
gases will form flaws. The O-rings thus pro
duced, which may have diameters of as 
much as 144 in. (3.66 m), are reliable and of 
high quality. 

Two O-rings are made simultaneously. 
An O-ring preform - a length of uncured 
elastomer - is placed in each of the two 
doughnut-shaped grooves in the lower half 
of a mold (see figure). The ends of each 
preform overlap by about 0.04 in. (1 mm) in 
a 20° skive jOint. The thickness of the 
preform exceeds the final thickness by 
about 0.01 in. (0.25 mm). 

The upper half of the mold is set in place 
on the lower half so that the grooves in the 
two halves become aligned, forming in
ternal mold cavities. A vacuum is drawn in 
the mold through an internal manifold in 
the upper half, drawing the lower half firmly 
into the upper. O-rings on the circumference 
of the lower half seal the mold against the at
mosphere. The vacuum makes a press un
necessary and draws off gases that could 
create voids in the elastomer. Hot oil is cir
culated through cavities in the upper and 
lower halves to provide heat to cure the 
elastomer rings. 

Centerline 
of Mold 

Hot 
011 

The edges of the preform grooves pro
trude slightly more than do the edges of the 
adjacent grooves. This ensures that the 
preform grooves mate first when the top 
and bottom halves are joined and gives a 
clean, blemish-free surface to the O-ring. 
Excess elastomer extrudes past these 
edges and collects in the vacuum cavities 
for later removal. During curing, the abut
ting surfaces at the skive joints fuse to form 
seamless, joint-free rings. 

DETAIL OF GROOVES: DIMENSIONS FOR EXAMPLE ONLY This 'WOrk was done by Glade L Larsen 
and Albert R. Harvey of Morton Thiokol, 
Inc., for Marshall Space fl ight Center. 
For further information, Circle 145 on the 
TSP Request Card. 

Nesting Upper and Lower Halves of the mold hold el~stomer rings for curing. 011 flowing 
through upper and lower cavities heats the elastomer to cure It. 

Inquiries concerning rights for the com-

NASA Tech Briefs, October 1989 

mercial use of this invention should be ad
dressed to the Patent . Counsel, Marshall 

Space Flight Center[seepage 16J Referto 
MFS-28371 
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Aligning Plasma-Arc 
Welding Oscillations 
A simple, easy-to-use tool ~J 
improves weld quality. ~~ 

Marshall Space Flight Center, 

Alabama 
A tool aids in the alignment of the oscilla

tor probe on a variable-polarity plasma-arc 
welding torch. The probe magnetically 
pulls the arc from side to side as it moves 
along the joint. The tensile strength of the 
jOint depends on the alignment of the weld 
bead and, therefore, on the alignment of 
the probe. 

Previously, the welding-machine opera
tor used a protractor and hand level to align 
the probe with the center of the plasma ori
fice, but significant misalignment often re
mained. Now, the operator simply installs 
the new tool on the front of the torch body, 
levels it with a built-in bubble glass, inserts 
the probe in a slot on the tOOl , and locks the 
probe in place (see figure). With the new 
tool , the procedure is faster and easier and 
the resulting alignment more accurate and 
repeatable. 

This work was done by Jeff Norris and 
Mike Fairley of Martin Marietta Corp. for 
Marshall Space Flight Center. For fur
ther information, Circle 8 on the TSP Re
quest Card. MFS-28303 

The Aluminum Aligning Tool fits on the body of a plasma-arc welding torch. It receives the 
oscillator probe in a slot at its bottom, thereby positioning the probe directly under the cen
ter of the plasma orifice. 

Adherent Thermal Barrier for Combustion Chamber 
An unusual fabrication process prog resses f rom the inside outward . 

Lewis Research Center, 

Cleveland, Ohio 

A method of applying a heat-barrier coat
ing to the interior wall of a rocket-engine 
ccrnbustion chamber produces a smooth 
coating with exceptional adherence. The 
essence of the method is to build the 
chamber wall around the barrier by elec
troforming, a reversal of the usual se
quence of events. 

In the previous method of awlying a heat
barrier cooting, a bond coot of nickeVchrcrni
um was applied to the interior of a chamber 
that was already fabricated, and a zirconia 
coot was plasma-sprayed on the bond coat. 
However, the substrate often oxidized dur
ing the application of the bond coat, and 
undesired compressive stress remained in 
the ceramic coat after the chamber return
ed to room temperature. In addition, the 
coating had a rough surface that increased 
the transfer of heat to the wall. 

In the improved method, fabrication be
gins with the machining of an aluminum 
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8. Remove Wax and Mandrel. 

6. Fill Cooling 
Passages 
With Wax. 

1. Aluminum 
Mandrel 

2. Apply Zr02 
Thermal-Barrier 
Coating. 

3. Apply Nl/Cr 
Bond Coat. 

4. Add Electroformed 
Copper Layer. 

Sectors of 8 Cross Section show how a cylindrical chamber Is built. Starting with an alumi
num mandrel, layers are added from the Inside out. 
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mandrel to the requisite cylindrical shape 
(see figure). The heat-barrier ooating - yt
tria-stabilized zirconia - is plasrna-sprayed 
on the mandrel to a thickness of 0.076 mm. 
A nickel/chromium layer about 0.025 mm 
thick is sprayed on the zirconia; this layer 
serves as an electrically conductive bond 
coat for electroplating. The assembly is 
then rotated continuously in a copper sUl
fate bath while copper is plated onto the 
bond coat. 

Longitudinal grooves are machined into 
the copper layer. The grooves are filled 
with wax, and the assembly is returned to 
the plating bath, where a final layer of c0p
per is plated overall, transforming the 
grooves into channels for the coolant. 
Finally, the wax is removed by melting, and 
the aluminum mandrel is etched away. 

Heat-barrier coatings made by the new 

method were evaluated on a small rocket 
thrust chamber. The rocket engine was 
repeatedly started, run, and shut down with 
liquid oxygen and gaseous hydrogen as 
propellants and liquid hydrogen as the 
coolant. The testing was stopped after 
1,450 cycles. The results of the tests were 
compared with those for an identical 
chamber without the heat-barrier coating. 

The zirconia coat delaminated in some 
places in the region of low heat flux. How
ever, the zirconia adhered well inasmuch 
as the delamination did not extend doWn to 
the bond coat. The coolant passages of the 
coated chamber retained their original 
sizes and shapes, and there was no appar
ent damage to the inner wall. In contrast, in 
the uncoated chamber, a crack developed 
in one of the coolant passages after 393 
cycles, and the inner wall was deformed 

Caldron for High-Temperature Alloys 

and thinned at the coolant passages. 
The thin zirconia coating reduced the 

maximum operating temperature of the 
copper wall of the chamber from 844 to 
334 K. Ai the lower temperature, the cop
per liner is stronger and undergoes less 
strain and thus has less tendency to distort 
and crack. 

This work was done by Richard J. 
Quentmeyer of Lewis Research Center. 
Further information may be found in NASA 
TM-100933 [N88-246901 "Thrust Chamber 
Therma/ Barrier Coating Techniques." 

Copies may be purchased {prepayment 
required] from the National Technical/n
formation Service, Springfield, Virginia 

. 22161, Telephone No. (703) 487-4650. 
Rush orders may be placed for an extra fee 
by calling (BOO) 3364700. 
LEW-14840 

Metals are melted by induction. .,~ 

-------------------------------------~~ Lewis Research Center, Cleveland, Ohio 
An induction-heated caldron melts high

temperature alloys. The use of the caldron 

Fiberglass 
Insulation 

Mold " ... "y __ 

Direction of Flow _--f-., 
of Coolant 

Water-Cooled, 
Slotted Plug (Copper) 
With Furnace·Cement 

Filling In Grooves 

Coolant Plumbing for 
Plug (Copper and Brass) 

prevents the sort of contamination of melts 
that occurs during arc melting in ceramic 

crucibles. The caldron can liquefy 200 
g rams of the solid metal components of an 

A Plugged Sleeve constitutes the main body of the caldron. Coolant flows through the sleeve to prevent it from melting. The mandrel-wound 
Induction coils can be adjusted to tune the source of power. 
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alloy like niobium aluminum and make the 
alloy homogeneous in less than 3 minutes. 
It can also serve as a mold for casting 
alloys into such shapes as bars. 

The caldron includes a thick copper 
sleeve, insulated on its inside with a layer of 
plasma-sprayed alumina. The bottom of 
the caldron is a tapered copper plug, also 
coated with alumina. Cooling water cir
culates in the channels in the thick sleeve. 
The coot>ination of cooling and alumina in
sulation confines high temperatures to the 
interior of the caldron. Water-cooled, fiber
glass-insulated induction coils surround 

the caldron (see figure). Copper tubes 
carry both coolant ard radio-frequency en
ergy to the coils. 

The tapered surface of the plug contains 
vertical grooves filled with refractory ce
ment. When the plug is inserted in the 
sleeve, the grooves let electrOOlagnetic 
flux penetrate the melt. Coolant also flows 
through the plug. The plug can be removed 
for maintenance or for cleaning the cal
dron. If needed, a second plug can be in
serted at the top of the sleeve so that the 
melt environment can be pressurized. 

For loading ard melting, the caldron is in 

the vertical position shown in the figure. 
After the alloy is melted and homogenized, 
the caldron can be rotated to a horizontal 
position to pour the melt out or to allow the 
melt to fill a molding cavity in the sleeve. 
Bectrical power to the coils is then turned 
off, and the melt cools and solidifies in the 
cavity. A sourd, pore-free casting results. 

1his v.ork was dcne by Henry J. Gerhger 
of lewis Research Center. For further in
formation, Circle 72 on the TSP Request 
Card. 
LEW-14790 

Jig Aligns Shadow Mask on CCO 
~~Alignment can be viewed through a microscope. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
An alignment jig positions a shadow 

mask on a charge-coupled device (ceO) 
so that a metal film can be deposited on it 
precisely. The jig allows the ceo package 
to be inserted and removed without dis
turbing the alignment of the mask. The jig 
holds the ceo package securely and is<r 
lates it electrostatically while providing 
electrical contact to each of its pins. 

The jig fits on a microscope stage. It 
transmits light from the microscope il
luminator at the bottOOl, through the ceo 
ard the mask, so that a technician can 
align the mask under the microscope to 
obtain a translational accuracy of ± 5 /4Tl 
and a rotational accuracy of 0.15°. 

A carrier holds the ceo package and its 
pins (see figure). Alignment pins and 
screws secure the carrier to a baseplate 
from below. Screws, Belleville (spring) 
washers, and clamps loosely secure the 
shadow mask to the baseplate frOOl above. 
The baseplate holds the mask 0.005 in. 
(0.13 mm) above the glass membrane that 
constitutes the cover of the ceo and that 
will receive the metal coat. 

An alignment ring that mates with the 
baseplate-and-carrier assembly includes 
three spring-loaded pins opposed by three 
micrometers to align the mask. The techni
cian places the alignment ring on the base
plate-and-carrier assembly and adjusts the 
micrometers while viewing the mask and 
ceo under the microscope. Once align
ment is achieved, the technician then 
tightens the restraining screws ard clamps 
to hold the mask firmly in position. 

The alignment ring is removed from the 
assembly, and the assembly is placed in a 
vacuum chamber where the metal film is 
deposited. The baseplate and the carrier 
are designed to withstand the harsh en
vironment of the deposition chamber. 

1his work was done by Carlos V. Matus 
of Galtech for NASA's Jet Propulsion 
Laboratory. For further information, Circle 
10 on the TSP Request Card. 
NPO-17672 
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Micrometers 

Carrier (CCO 
Is Mounted Here) 

DISASSEMBLED 

Clamps 

When the Alignment Jig I. Assembled with a ceo, It Is used to move the mask under mi
crometer control. 
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da Vinci's ideas took 
centuries to peifect. 
He didn't have DesignT1East 
Free Show Admission 
With This Ad. 

Staying on top of the latest technology 
and the newest products can reduce 
your product development time. 
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Mathematics and Information Sciences 
Books and Reports 
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73 Fectorlzetlon of Po.ltlve 
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55 ATAM - Autom.ted Tr. d. 
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Progr.m 

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. 

Further Results on 
Flnlte-5tate Codes 

New codes are generated 
and analyzed. 

A report discusses the application of a 
general construction for finite-state (FS) 
codes to known block codes. Decoding al
gorithms and the results of simulations are 
also discussed briefly. 

The basic idea consists in choosing an 
(n,k 1) block code C1 of minimum distance 
d1 and then decomposing C1 Into the dis
joint union of cosets generated by an (n,k-) 
subcode C2 of C 1 of minimum distance d 2-
By properly assigning these easets to the 

edges of a 2m-state completely connected 
graph, it is possible to construct an (n,k,m) 
FS code, with k = m + k2 and free distance 
d'ree~ min(d2,2d1)· 

First, the general construction is applied 
to the (24,12) Golay code. It is shown that 
this code has a (24,5) subcode of minimum 
distance 12 and a (24,2) subcode of mini
mum distance 16. From these are con
structed a (24,11,6) FS code of d'ree = 12 
and a (24,11,9) FS code of d'ree = 16, re
spectively. These new codes are optimal in 
the sense that they have the largest possi
ble free distances, as predicted by the 
Plotkin bound on FS codes. 

Next, the general construction Is applied 
to the (16,8) Nordstrom-Robinson code. It 
is shown that this code can be partitioned 
into 64 subsets, from which a (16,7,5) FS 
code can be constructed. This code has 
d'ree = 10, which meets the Plotkin bound. 

A computer simulation was performed 
to analyze the performances of these 

codes in a soft, maximum-likelihood de
coder based on the Viterbi algorithm. The 
simulated decoder performs two basic 
steps: (1) Each received word (24 or 16 
symbols) is compared to the code words in 
each coset (128 or 64), and the closest 
code word in each coset is stored together 
with its distance. (2) At each state, the de
coder further selects the closest code 
word among those chosen in step 1, for the 
easets assigned to branches reaching that 
state. The results are presented as plots of 
the bit-error probability versus the ratio of 
bit energy to noise energy. The plots com
pare the (24,11,6) FS code ofd'ree = 12and 
the (16,7,5) FS code of d'ree = 10 with the 
(2,1,6) Voyager convolutional code. 

This work was done by F. PoIlara, K. M. 
Cheung, and R. J. McEliece of Caltech for 
NASA's Jet Propulsion Laboratory. To 
obtain a eopy of the report, "Further 
Results on Finite-State Codes," Orele 57 
on the TSP Request Card. NPO-17513 

Introducing 

LIGHT MEASUREMENT NTB:BASE '88 
A full year of NASA tecbnology innovations at 
your fingertips ... for only $19.95! 

72 

APPLICATIONS 

• COLORIMETRY 
• LASER POWER 

• PHOTOMETRY 
• PHOTORESIST 

• PHOTOTHERAPY 

• RADIOMETRY 
• TRANSMISSION REFLECTANCE 

•. ~~.~, .. ' .. '. '.~L~~'-'~_' .. ~.~ ___ -._u, ..... __ _ 
. ..... __ . ,.La ..... , ... ...... _....... .._.................... 
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Factorization of Positive 
Definite, Banded 
Hermitian Matrices 

Speedup factors and 
efficiencies in parallel 
processing are evaluated. 

A report discusses the application of the 
O1olesky factorization algorithm to positive 
definite, banded Hermitian matrices. One 
of the major purposes of this and related 
studies is to maximize the speedup and ef
ficiency in a system of concurrent-data
processing elements. 

The problem is basically to find an ap
propriate batching-and-scheduling strata
gem to solve a given matrix problem N 
times as fast when N processing elements 
are used as when only one processing ele
ment is used. The actual speedup factor, g, 
is generally less than N, and the efficiency, 
e, of a concurrent-processing system is de
fined by e = giN. The important intrinsic 
properties of a concurrent-processing sys
tem relevant to the speedup and efficiency 
include the modes of operation (systolic 
versus asystolic); the setups (such as the 
extent of seriality and parallelism between 
input, execution, and output); and architec
tures (hypercube, tree, bus, a combination 
of these, and the like). 

The authors begin by extending the 
Cholesky factorization algorithm to cover 
uniformly-partitioned, banded, positive def
inite matrices of rank n that may be real 
symmetriC or Hermitian. Then two strata
gems are given for the use of this algorithm 
in a concurrent-processing system in 
which N is less than it would have to be to 
enable the factorization of the matrix in as 
few serial steps as possible and where uni
formly high efficiency is expected from all 
processing elements. 

The cost of processing is measured in 
terms of the number of operations. Equa
tions are derived for the efficiencies of the 
two stratagems, and these are specialized 
for an N-node hypercube system of parti
tion size S = 1 + Int.[(b - 1 )/2N], where b 
= the half bandwidth of the matrix, the 
task is completed in nls serial steps, and 
the ratio of the cost of interelement trans
mission of data to the cost of computing is 
assumed to be constant. The efficiencies 
of both stratagems are found to be close to 
100 percent for '" ~ 0.1 and N ~ 10. In gen
eral, efficiencies increase with increasing s 
and decreasing "'. 

This work was done by Moktar A. 
Salama of Caltech and Senal Utku and 
Robert Melosh of Duke University for 
NASA's Jet Propulsion Laboratory. To 
obtain a copy of the report, "Concurrent 
Cholesky Factorization of Positive Definite 
Banded Hermitian Matrices," Qrcle 127 on 
the TSP Request Card. 
NPO-17130 
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Effect of Noise In the 
Ideal State Reconstructor 
More measu rements yield a 
better estimate. 

A report discusses the effects of meas
urement noise on a system that includes a 
linear, time-invariant plant of measurable 
inputs and known parameters and a deter
ministic digital control subsystem gov
erned by an algorithm called the "ideal 
state reconstructor." This algorithm is so 
named because in the absence of noise, it 
exactly reconstructs the vector that repre
sents the state of the plant, even without 
knowledge of the initial state. The ideal 
state reconstructor adds no new states or 
eigenvalues to the system; it affects the 
measurement equation only. 

The discussion begins with a review of 
the ideal state reconstructor. This is fol
lowed by an analysis of the behavior of the 
ideal state reconstructor in the presence of 
measurement noise. An equation for the 
error introduced by noise into the estimate 
of the state vector is derived and used to 
obtain a general expression for the state
estimation-error covariance matrix. 

The analysis is applied to an example -
a double-integrator plant with measure
ment noise and a special form of the ideal 
state reconstructor. The performance in
dex J of the ideal state estimator is chosen 

to be the trace of the covariance matrix. 
The number of measurements N used in 
estimating the state vector during the 
state-estimate sampling period T is treated 
as a parameter to be varied to examine the 
effect on J. The result of this calculation is a 
plot on which J decreases with N' that is 
the more the measurements, the ~tter th~ 
estimate, on a statistical basis. Intuitively, 
one would expect this to be true in gener
al. If it is, then the ideal state reconstructor is 
ideally suited for systems in which measure
ments become available more frequently 
than the states have to be estimated and 
the control-law equations have to be 
solved. 

This work was dcne by Michael E. Pdites 
of Marshall Space flight Cent • . Further 
information may 00 found in NASA TP-
2881 [N~13994J. 'The Estimation Error 
Covariance Matrix for the Ideal State Re
constructor With Measurement Noise. " 

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. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to the Patent Counsel, Mar
shal/ Space Flight Center [see page 16]. 
Refer to MFS-28382 

MAGNETOMETERS 
for direction 
and detection 
A complete line of magnetometers for use 
in a wide range of operational environ
ments ... in the air ... on land ... or under 
water. Included are: single-axis, dual-axis 
and three-axis models; strapdown three- ' 
axis hybridized models; digital heading 
sensors; magnetic underwater sensors; 
and special application units for detecting 
magnetic anomalies in equipment and for 
magnetic signatures to profile ships. 

For more information 
write or call: 
Humphrey, Inc., Dept. NTB1089 
9212 Balboa Ave., San Diego, CA 92123 U.S.A. 
Telephone: (619) 565-6631 
TWX: (910) 335-2001 • FAX: (619) 565-6873 

Domain Magnetics products 
from England are distributed 
exclusively in the U.S. by 
Humphrey, Inc. 
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Controlled-Turbulence Bioreactors 
~~TWO versions provide conditions for growth and long life of cells. 

Lyndon B. Johnson Space Center, Houston, Texas 
Two versions of a bioreactor vessel pro

vide steady supplies of oxygen and nutri· 
ents with little turbulence. They suspend 
cells in the environment they need for sus
tenance and growth, while inflicting less 
damage from agitation and bubbling than 
do propeller-stirred reactors. The gentle en
vironments in the new reactors are well 
suited to delicate mammalian cells. 

One of these reactors has kept human 
kidney cells alive for as long as 11 days. In 
this reactor, cells grow on carrier beads 
suspended in a liquid culture medium that 
fills a cylindrical housing (see Figure 1). A 
spinning filter is located on the axis. A set of 
rotating vanes stirs the liquid. The rotation 
of the filter and the flow of liquid keep the 
carrier beads in suspension, and the cur
rents set up by the slowly mOving vanes 
are gentle. 

Oxygen- and nutrient-rich liquid enters 
the housing through valves on the outer cy
lindrical wall, passing through radial gaps 
between the filter, blade assembly, and end 
caps. Depleted liquid leaves through the 
spinning filter. A heating element wound on 
the outside wall of the vessel keeps the 
reactor at the desired temperature. 

Several valves in the wall of the vessel 
provide for the venting of trapped air but> 
bles (which would cause unnecessary tur
bulence), draining the vessel, extracting 
samples, and adding cells. The valves seal 
flush with the interior wall to eliminate dead 
space and form a smooth surface, mini
mizing growth of unwanted bacteria. 

Another version of the reactor creates 
even less turbulence. It does not include 
blades and supplies oxygen by diffusion 
through permeable tubing (see Rgure 2). 
This version cultures mammalian cells to a 
density of 1.4 X 106 cellslcm3 for as long as 
15 days. The vessel, also a horizontal 
cylinder with end caps, is rotated by a 
motor. The speed is adjusted so that the 
rotating liquid medium suspends the cell
laden beads uniformly. 

This work was done by David A. Wolf of 
Johnson Space Center, Ray Schwartz of 
Technology, Inc., and Tinh Trinh of Krug In
ternational. For further information, Circle 
36 on the TSP Request Card. 

This invention is owned by NASA, and a 
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patent application has been filed. Inquiries 
'concerning nonexclusive or exclusive 
license for its commercial development 

should be addressed to the Patent 
Counsel, Johnson Space Center [see page 
16J Refer to MSC-21293121294 

REACTOR VESSEL ASSEMBLY 

Figure 1. Rotating Vanes - Inside the vessel but outside the filter - gently circulate the 
nutrient medium. The vessel is stationary; a magnetic clutch drives the filter cylinder and the 
vanes. 

Figure 2. Oxygen-Permeable Tubing is wrapped around a rod extending along the central 
axis. A small external pump feeds oxygen to the tubing through a rotary coupling, and the 
oxygen diffuses into the liquid medium. 
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New on the Market 

Automated Images, Woburn, MA. 
has developed PC-based graphics 
application software for electrical 
wiring. cabling. and harnessing de

Zymet Inc., East Hanover, Nj, has in
troduced a heat-curing epoxy adhe
sive specially fo rmulated to bond 
fiber optic components. Designated 
F-701 , the epoxy can operate contin
uously over 200°C and has a glass 
transition temperature of 125° to 
135°C. Cure time ranges from five 
minutes at 120°C to one minute at 
200°C. It has an initial mixed viscos
ity of 2000 cps and a pot life of four 
to eight hours. 
Circle Reader Action Number 770. 

signers who use AutoCAD. Called A family of laser-based systems for 
IDEEL-MicroEDS. the package tracks submicron measurements in preci
and displays connectivity in real time sion machining and quality control 
and generates customized manufac- operations has been introduced by 
turing reports including verified run- Sony Magnescale America Inc., f--------------j 

The UnMouse, a 3" x 4-1 /2" lists and bill of materials. Through Orange, CA. Sony Laserscale prod
touch-sensitive glass tablet that re- IDEEL- MicroEDS, product informa- ucts use holographic techniques to 
places a mouse is now available from tion can be shared among IDEEL measure linear motion of a position
MicroTouch Systems Inc, Wilming- databases and AutoCAD, as well as ing device or probe with a resolution 
ton, MA. The UnMouse features a other mechanical design, process to .01 micron. To achieve the preci
built-in keypad for executing macro planning, MRP, project manage- sion measurements, an ultra-fine 
commands and a stylus that enables ment, and quality control systems. array of lines are photolithographi
users to draw figures, annotate docu- Circle Reader Action Number 788. cally deposited on a glass scale to 
ments, enter signatures, or trace ima- f-------------....J create a three-dimensional grid . As 
ges into the system. Priced at $235, a split beam of light passes through 
the UnMouse works with Apple the moving glass, it detects the phase 
Macintosh II and Macintosh SE shift of the grid as motion of a holo-
computers. gram. The holographic effect pro-
Circle Reader Action Number 7116. vides a highly reliable signal, even 

with variations in the wavelength of 
the light source, since the beams are 
constant in relation to one another. 
Circle Reader Action Number 772. 

Girard Electronics, Hudson, WI, has 
developed the PROTOFLEX-III, a 
non-chemical system for generating 
prototype circuits directly from CAD 
schematics or artwork. L.:sing optical
mechanical technology, the PF-III 
scans ci rcuit artwork and then ma1m,," I 

===== f--------------.j chines a prototype from cop

----------====='t ----------------------
The new RTC Real Time Converter 
from Lyon Lamb Video Animation 
Systems Inc. , Burbank CA, digitally 
converts up to three independent 
high-resolution sources of any scan
ning frequency in the 23 to 75 kHz 
range. Standard outputs include 
broadcast-quality NTSC and PAL 
composite video, component video, 
y + C, and low-resolution RGB with 
sync. NASA used the RTC during 
Voyager's flyby of Neptune to con
vert graphic images of the planet in
to NTSC standard video for live 
broadcast. 
Circle Reader Action Number 778. 

The ZETA 600, a new drafting pen 
plotter designed for use at individual 
workstations has been introduced by 
Bruning, Martinez, CA. Priced at 
$4395, the D-size, eight-pen unit can 
plot at 35.4 inches per second (ips) 
diagonally or 25.2 ips on axis, with 
acceleration up to 4.2 g. The ZETA 
600 offers resolution of 0.0002 in
ches, accuracy of D.1 "10, and repeat
ability of D.004 inches. Digital servo 
motor and built-in smoothing func
tion ensure precisely forrTJed circles, 
arcs, and characters. 
Circle Reader Action Number 782. 
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The Visualization Workbench, a 
new imaging software system from 
Paragon Imaging Inc .• Lowell , MA, 
integrates image processing, 
graphics, a visual programming 
language, and an innovative per

perlpolyimide sheeting. Artwork can 
consist of any clear positive or nega
tive image, including graph paper, 
photocopies, or even circuit designs 
cut from a trade journal. The PF-III 
handles materials 7" x 15" and 
machines flexible circuits in 60 min
utes or less, depending on board 
size, with resolving power down to 
.012 inches in lines and spaces. 
Circle Reader Action Number 776. 

Dynamic Development Company, sonal programming system. It 
EI Toro, CA, has introduced AW-1, enables application developers and 
an oil additive that reduces engine researchers to quickly analyze imag
wear up to 90 "10 while improving ing problems and develop applica
horsepower and torque perfor- tion programs. The system is based 
mance. Developed by former NASA upon industry standards _ f---------------i 
scientist Eugene F. Lally, AW-1 can be X-Windows, C, UNIX, and Postscript 
added to the lube oil in gasoline and _ and is available on DEC and SUN 
diesel engines, transaxles, manual workstations. 
transmissions, differentials, and gear Circle Reader Action Number 766. 
boxes. A 6-ounce container, selling ~ _____________ -I 
for $14.95, serves as one application 
for any auto, truck, or boat engine, 
and will provide protection for 6000 
miles. AW-1 is also offered in quart, 
gallon, and drum sizes for industrial 
applications. 
Circle Reader Action Number 780. 

Inc, Windsor, CT; has in
troduced IntraSpect™ IET2D, a 
PC-based eddy current data acquisi
tion, imaging, and analysis system. 
The portable unit provides automat
ed inspection capability and gene
rates high-resolution color-coded 
images, impedance plane maps, and 
strip charts showing inspection re
su lts. The IIET20 was developed pri
marily for inspecting aging aircraft. 
Circle Reader Action Number 784. 

The fu ll set of 50,000+ Department 
of Defense listed military and fed
eral specifications and standards in
cluding handbooks, QPLs, DIDs, 
and ClDs, as well as thousands of 
vendor cata logs, are now available 
on a CD-ROM system called Spec
master. These files establish proce
dures, set standards, and provide 
specifications for nearly everything 
used by the US government - from 
weaponry and communications 
devices to electronics and medical 
equipment. A product of National 
Sta ndards Association In c. , 
Gaithersburg, MD, Specmaster re
quires an IBM or compatible com
puter with DOS 3.1 or later. 
Circle Reader Action Number 768. 

The new Fabricost™ computer
aided cost estimating system from 
Manufacturers Technologies Inc., 
West Springfield, MA, enables rapid 
and accurate cost estimating of com
plex sheet metal and fabrication 
jobs. In addition to detailed cost re
ports, users can create process plans, 
part routings, bill of materials reports, 
and shop load reports. The Fabricost 
database is programmed with infor
mation on more than 140 machines 
and departments, DOD labor stan
dards, and a library of precalculated 
time elements. The menu-driven, 
PC-based system - which includes 
data on a variety of welding, cutting. 
shearing, and bending operations
is easily edited so that users can 
change existing values or add infor
mation on new machines. 
Circle Reader Action Number 774. 
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ANVIL CASES ..• BUILT FOR 

AIR, lAND & SEA 
• IU.C.C. c-s - mlitary appIicabon 
cases and containers meet or exceed 
\he stnngent tesbng of 
MIL-STO-810 

• A.TA C-meet or 
exceed the AIr Transport 
AssoaatJon specification 
300 Ca\egoIy 1 standards 

• Custom measuring and designing available • Building quality ca-. since 1952 

Call Today For More Information 

4128 Temple CIty Blvd . • Rosemead. CA 9177tJo (800) 423-4279· CA: (800) 242~ or (818) 575-1614 
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Circle Reader Act ion No. 327 

comes to 
media -

is yours 
u.s. Stoneware supplies the widest variety of 
standard and exotic, ROfHX)Irtamlnatlng grinding 
media to suit your toughest milling applications. 
• Non-porous • Wear/Chip resistant 
• Non~onductlve • Thermally stable 
• Chemically Inert • Shock resistant 

Call or write for Information to help you choose 
the right media for your application. 

E!mu.1. 
(JI1mJ SmnlWARI 

40 Whitney Road, Mahwah, NJ 07430 
(201) 891 -4144, FAX: (201) 891-4188 

Circle Reader Act ion No. 538 

New on the Market 

.,- . 

Q~ " . ~ 
A new paging product that com
bines a numeric display pager with 
the features of a digital wrist watch is 
available from Motorola Inc., 
Schaumburg, IL. The pager features 
separate controls for timekeeping 
and pager functions, a non-volatile 
memory that stores messages even 
when the pager is turned off, and a 

Resources Planning Associates Inc., 
Ithaca, Y, has introduced version 
3.0 of CAPLlB, a computer-aided 
planning library. CAPLIB provides 
over 250 programming tools for 
building custom software that can 
utilize a broad range of complex 
spatial and temporal data, incor
porate mathematical models, and in
tegrate color graphics presentation 
capabilities. Version 3.0 offers an ex
panded set of cartographic data ex
change utility programs, support of 
desktop publishing formats, provi
sion of an icon generator, and new 
window routi nes. CAPLI B is avail
able for both PC (DOS) or VAX (VMS) 
environments. 
Circle Reader Action Number 790. 

message timestamping function that I';=====--------=-I 
displays the time a message is re
ceived on the LCD screen . It weighs 
less than two ounces and provides 
over 40 days of continuous opera
tion on one battery. 
Circle Reader Action Number 798. 

VideoBeam GRAPH ICS, a new 
large-screen computer graphics pro
jector from Am Pro Corp., Woburn, 
MA, displays high-resolution images 
generated by virtually any computer 
o r video source. The projector has 
1200 lines of resolution and auto
scan capability over a 14 to 72 kHz 
horizontal bandwidth. Applications 

Infinity Photo-Optical Company, 
Boulder, CO, has developed a con
tinuously-focu sable microscope 
ideal for on-line inspection and 
imaging. At any working distance, 
the correct depth-of-field, magnifica
tion, and resolution are set by simply 
focusing the instrument. It has a con
tinuous 1 :45 magnification ratio, and 
focuses from infin ity down to 6mm. 
The microscope has a primary mag
nification of 0.2 x at 150mm and 
9x at6mm. 
Circle Reader Action Number 800. 

include customer presentations, pro- 1---------------1 

cess control displays, medical imag
ing, large-scale simulation, training 
systems, and interactive CAD/CAM 
design reviews . 
Circle Reader Action Number 796 . 

The 6700 Series monochrome CCO 
camera from Cohu I nc., San Diego, 
CA, features a lightweight remote 
imager measuring 1.5 inches in dia
meter and 2.1 inches in length. The 
camera offers high sensitivity up to 
0.0125 lux, resolution of 525 
horizontal TV lines, an electronic 
shutter for stop action, and a 100% 
blemish-free image sensor that 
eliminates dead pixels. The remote 
head is suited for machine vision, 
non-contact inspection, image pro
cessing, microscopy, robotics, and 
secu rity/su rvei IIance applicatio ns. 
Circle Reader Action Number 792. 

Boeshield T-9®, a new penetrating 
lubricant that protects metals against 
rust and corrosion, has been intro
duced by PMS Products Inc., Stuart, 
FL. Originally developed by the 
Boeing Company for use on aircraft 
components, Boeshield T-9 dries to 
a clean waxy film that will lubricate 
and protect any metal for months. It 
will also loosen rusted parts, and is 
safe for use on most paints, plastics 
and vinyls. A 12 ounce aerosol can 
sells for $7.95 . 
Circle Reader Action Number 794. 
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New Literature 

A West 

Sprague Electric Company, Mans
field, MA, has published a catalog of 
standard th ick-f ilm networks avail
able in molded and conformally 
coated or SIP and DIP packages. 
These networks are used in ~om
puter, telecommunications, military, 
and aerospace applications. The 
52-page catalog includes test pro
cedures, standard ratings data, and 
circuit diagrams. 
Circle Reader Action Number 742. 

made tools and accessories is de
tailed in a four-color catalog from the 
Paladin Corp., Newbury Park, CA. 
Ergonomic screwdrivers, wire strip
pers and cutters, heat guns, tele
phone tools and kits, crimping tools, 
and production aid devices are de
scribed, as well as insulated safety 
and power transmission tools. The 
catalog contains product shots, ap
plication photos, and diagrams that 
explain the features and advantages 
of each prod uct. 
Circle Reader Action Number 740. A new 20-page brochure from 
1-------------1 Amoco Performance Products Inc., 

Ridgefield, CT, illustrates the com
pany's line of engineering t hermo
plastics including Udel~ polysul
fone, the Mindel~ resin family, 
Radel~ polyarylsulfone, Ardel~ 
polyarylate, Torlon® polyamide
imide, Kadel~ polyketone, and 
Xyda~ liquid crystal polymers. 
Typical applications, properties, and 
comparative performance data are 
included. 
Ci rcle Reader Action Number 704. 

A new silicone materials selection 
guide from the Dow Corning Corp., 
Midland, MI, features over 150 prod
ucts for the high-tech marketplace. 
The free booklet lists applications, 
product features needed for each ap
plication, and the matching silicone 
material. Application areas covered 
include conformal coatings, semi
conductor molding compounds, or
ganosilicon chemicals, and primers, 
as well as encapsulating, sealing, lu
bricating, laminating, and fire-resis- r-iliiiii • ••• - -1 
tant materials. General information 
on silicones and their processing 
characteristics is also provided . 
Circle Reader Action Number 708. 

More than 500 radio frequency (RF) 
and microwave signal processing 
components are described in a new 
catalog from the Adams-Russell 
Components Group, Burl ington, 
MA. The publication features state
of-the-art GaAs MMICs, logarithmic 
amplifiers, RF and microwave con
trol devices, mixers, and hermetic 
surface devices, and includes appli· 
cation notes and design/selection 
guides. 
Circle Reader Action Number 702. 
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Instrument Specialties Co. Inc., 
Delaware Water Gap, PA, has issued 
a new brochure on its radio-fre
quency and electromagnetic inter
ference testing capabilities. Offered 
free of charge, the brochure covers 
the company's Certified Testing pro
gram to determine compliance with 
commercia l and military EMC speci
fications. This includes RF, ESD, and 
EMP tests over the 20 Hz to 18 GHz 
frequency range with minimum radi
ated susceptibility levels of 200 Vim . 
Also covered are computer-con
trolled evaluations of shielded enclo
sures; cabinets and other facilities for 
magnetic and electric fields and 
p,ane wave attenuation; and EMP 
performance of shielded cables, 
connectors, RF gaskets, and other 
materials. 
Circle Reader Action Number 706. 

SCIENTIFIC/ENGIN EERING GRAPHICS TOOLS 
for the IBM PC and compatibles 

FORTRAN/Pascal tool s: 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 FORTRAN/Pascal 
environments . We support MS, R-M, LAHEY FORTRAN and 
more. PLOTMATIC Supports HP or Houston Instrument 
plotters. PRINTMATIC supports dot-matrix and laser print
ers. Font module available too ! Priced from $135 . 
Don't want to program? Just ask for OMNIPlOT! Menu
driven, fully documented integrated scientific graphics. Write 
or call for complete information and ordering instructions . 
GRAFMATIC- PLOTMATIC- PRINTMATIC- OMNIPLOT 
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M icrocompatibles, 301 Prelude Drive, Silver Spring, MD 20901 
(301 ) 593-0683 

Circle Reader Action No. 389 

RELY ON 
RYAN_'} 

Ryan is the worldwide leader in self-
contained temperature monitors with -
units available for a variety of users 
and applications including scientific 
researchers, aquatic sciences, for
estry, fisheries, just to name a few. 
1b see how time-temperature 
monitoring can help you save time 
and money, find out more about 
Ryan monitors. 

• Inexpensive solutions to your 
data collection problems 

• Can monitor up to 12 
different locations 
simultaneously 

• Allows for data collec
tion anywhere, even 
underwater 

• Software works with your 
IBM"-PC or PC compatible 

1b find out more about the right Ryan instrument for you 
and for a demonstration, contact your distributor or call SOO-
999-7926 ext. 500 (U.S. only) or (206) 883-7926. Or write to 
Ryan Instruments, P. O. Box 599. Redmond, WA 98073-0599. 

0 1989 Ryan Instnunc:nts, all rights reserved. 
IBM Is. n:gislcrcd tndemark of 
InlUnationaJ Businc:ss M:achincs CorporaUon. Hyan.lnSlrumenlS 
RYN·22T 
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New Literature 

Over 8000 industrial electric heat
ers, controls, and systems are spot
lighted in a free 600-page catalog 
from Chromalox Industrial Heating 
Products, Pittsburgh, PA. Product 
categories include process heaters, 
heat transfer systems, boilers, steam 
generators, heater components, 
appliance and other OEM heaters, 
space heaters, thermostats, moni· 
tors, and alarms. 

The CAD Rating Guide from DSR 
Publishing Inc., Scarborough, ME, 
evaluates 103 CAD software pro
ducts and systems. The guide 
compares software by price, com· 
patibility, platform, and application, 
and lists user comments about each 
package. It also features a 3Q.page 
glossary of CAD terms. 
Circle Reader Action Number 738. 

Circle Reader Action Number 734. 
f---------------j A 12-page brochure on advanced 

Newport Corp., Fountain Valley, CA, 
has published a 496-page precision 
laser and optics catalog featuring 
over a hundred new products, in· 
c1uding CAD Assistant™, a drawing 
library for optical experiment layout, 
and Projects in Optics, a self-paced 
course containing a study guide and 
the necessary equipment to com
plete ten projects. Stainless steel 
translation stages, vibration isolated 
workstations, precision rails, cylinder 
optic mounts, and a diode-pumped 
YAG ring laser are described as well. 
Tutorials and application notes sup
plement the product descriptions. 
Circle Reader Action Number 730. 

A new optical encoder specifying 
guide from the Industrial Encoder 
Division of BEl 's Motion Systems 
Company, Goleta, CA, contains 
specifications for industrial position 
sensors, as well as various encoder 
options, such as count multiplica· 
tions. Application areas for these 
products include robotics, process 
control, factory automation, and 
biomedicine. 
Circle Reader Action Number 732. 

digital data communications links is 
offered by Aydin Vector, Newtown, 
PA. Selected data link systems in
clude computer to computer, pro
grammable command and control, 
simplex burst-mode, simplex digital 
transmission, secure data, and se
cure voice. The systems are used in 
unmanned reconnaissance vehicles, 
drones, aircraft, weapons, land ve
hicles, and ships. Typical systems 
qualify for use in severe environ
ments and provide multi-channel 
capability, with output up to 40 watts 
(100 W optional). 
Circle Reader Action Number 736. 

--
Ortel Corp., Alhambra, CA, is offer
ing a brochure describing laser fiber 
optic products for radio frequency 
and microwave transmission. The 
publication outlines typical micro
wave applications for Ortel links, 
including satellites, delay lines, ship
board EW systems, phased array 
radars, remote antenna links, nano
second measurements, test equip
ment, and antenna ranges. Diagrams 
and charts summarize typical link 
performance levels and the advan
tages of analog fiber optic links. 
Circle Reader Action Number 728. 
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New Literature 

The MLC-XTTM industrial computer 
is described in a free brochure from 
Micro Linear Controls Inc., Racine, 
WI. A full computer and solid state 
disk drive on a compact 6.4" x 4.2" 
board, the MLC-XT combines the 
flexibility of 100% PC compatibility 
with the reliability of an industrial 
controller. It accomodates powerful 
programming languages such as 
BASIC, Fortran, and C, and features 
an integrated watchdog timer that 
monitors hardware and software 
behavior. 
Circle Reader Action Number 712. 

Two new epoxy prepreg systems 
designed for use on high-perfor
mance military and commercial air
craft structures are described in f--------------j 
literature from US Polymeric Inc., A new report spotlights graphite 
Santa Ana, CA. Offering a perform- fiber products manufactured by 
ance range of 1800 to 350°F, the Hercules Aerospace Company, 
prepreg systems are suited for ap- Magna, UT. Endowed with high 
plication where impact resistance strength and stiffness, thermal sta
and damage tolerance are needed. bility, and resistance to corrosion 
The brochures contain data on resin and fatigue, the fibers have found 
properties, prep reg properties on in- widespread application in the aero
termediate and standard modulus space, industrial, automotive, and 
carbon fibers, cure cycles, and layup recreational markets. Products 
diagrams. featured include continuous and 
Circle Reader Action Number 716. chopped fibers, woven fabrics, resin 
f--------------j systems, prep regs, and 3D woven 

preforms. 
Circle Reader Action Number 714. 

A new desktop manufacturing 
system jointly developed by DeSoto 
Inc. (Des Plaines, IL) and Laser Fare f--------------j 
Ltd. (Smithfield, RI) enables rapid 
production of three-dimensional 
models or prototypes. As described 
in a free four-color brochure, the in
vention incorporates state-of-the
art optical fabrication technology; 
computer-generated design data is 
transmitted to a laser, which cures 
light-sensitive liquid polymer to form 
a solid model. The system can create 
a model in three days to two weeks, 

Design and Manufacturing Corp., depending on part complexity, with 
accuracy of up to .005" . Cleveland, OH, is offering free lit-
Circle Reader Action Number 726. erature on their electro-thermal ac-
f-------------j tuators. The patented devices are 

designed to provide uniform thrust 
to a rolling diaphragm piston 
through rapid vaporization of a con
trolled working fluid inside a sealed 
chamber. Employed in automotive, 
aviation, heating, and other indus
tries, the actuators require no exter
nal controls or lubrication and are 
electrically and mechanically silent. 
Circle Reader Action Number 720. 

The Export Designer's Reference 
Guide published by Panel Com
ponents Corp., Santa Rosa, CA, 
features information on international 
electrical requirements, test and 
standards agencies, and regulations. 
The introduction illustrates how 
to design and manufacture elec
tronic compo nents for export 
markets, while each product section 
- international cords, cordsets, 
plugs, sockets, and connectors -
outlines relevant international safe
ty issues and regulations. 
Circle Reader Action Number 718. 

The local area network(LAN) con
nectivity products market is ex
pected to grow from the present 
level of $210 million to nearly $2.7 
billion by 1993, according to a new 
report released by Market Intelli
gence Research Company, Moun
tain View, CA. Emerging trends in
clude the collapse of market seg
ments, an increase in software-based 
products, faster link speeds, and loss 
of distinction between wide area and 
local area networks. The report fea
tures an industry review, profiles of 
key competitors, and an extensive 
list of manufacturers. 
Circle Reader Action Number 710. 

Multi-Channel Transient 
Waveform Recording Systems 

• • • from DA T ALAB 
DATALAB has been manufacturing reliable, quality digital sys
tems since 1962. Today these include manual and com
puter controlled turnkey multi-channel systems 
used in numerous applications including 
Ordnance Testing, 
Power Line Monitor· 
ing, and Component 
Testing. Configurations 
are available from small 
portable units to larger 
computer controlled 

• Systems sampling from 2 to 
200 channels simutaneously 

• Sample rates up to 100 MHz 
• Bandwidths up to 50 MHz 
• Resolution of 8, 10, and 12 

bits 
• Memory up to 1 M words, 

more w~h chaining 

• Sw~ched timebases - two 
or more simutaneously 

• Pre-trigger, Pre N B, N B, 
Delayed, Delayed N B, Free 
Run, NB/C/D w~ 2 time
bases, and Delayed N B/C/D 

• RS232, IEEE-488, and 
DMA interfaces 

• IBM-PC and HP compatible 

~ datalab 
lucas Industrial Instruments 

DATAlAB Products 
760 Ritchie Hwy, Suite N6 Severna Park, MD 21146 

Telephone (301) 544-8773 FAX (301) 544-9054 

Circle Reader Action No. 311 
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Forge New Frontiers 
In Sensor Technology 

As an independent, non-profit in titute engaged in a variety of research 
and development activities im'olving broad areas of imaging technology, 
the Environmental Research Institute of Michigan (ERlM) invites you to 
explore career opportunity in the following areas: 

· Advanced Algorithm Development-u ing U P 
· Radar Systems Engineering 
· Multispectral } tems De ign and Anal is 

You'll be an important member of our renowned scientific taff - chal
lenged by projects which develop and implement state-of-the-art tech
nology for solutions to problems of national and international importance. 

You hould have experience in the DOD arena, specifically preparing and 
giving briefings, developing reportS and project/ task leadership. An MS 
or PhD in Electrical Engineering, Physic , Computer Science or Remote 
Sensing is required, coupled with at least five years of experience in 
one or more of the above areas. 

These growth opportunities are accompanied by a competitive salary and 
outstanding benefits. Please send resume to: ERIM, Personnel Adminis
tration, Dept. NT-10, P.O. Box 8618, Ann Arbor, MI 48107-8618. 

Radar Opportunities are also available in Los Angeles. ERIM, Personnel, 
5757 West Century Blvd, Suite 340, Los Angeles, CA 90045. 

~RIM 
At The Forefront O/Sensor Technology 

An Equal Opportunity Employer. u.s. Citizenship Required. 

Circle Reader Action No. 475 

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 mirrors, 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 • (714) 261-5600 

canada (613) 22&5880 · France (01) 3460·5252 · Japan (03) 407·3614 • Nethe~ands (08360) 33041 
Sweden (0764) 31570 · Taiwan (035) 775·111 • United Kinedom (0252) 334411 • West Germany (06151) 86331 
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A 
ADAPTIVE CONTROL 
Adaptive control for 
cooperative dual robot 
arms 
pogell' NP().17368 

ALGORITHMS 
Algorllhm fOt hypersonic 
flow In chemlc.1 
equlllbrlum 
page ~7 ARC·121<O 

ANEMOMETERS 
Subminiature hot·wire 
probes 
pago <0 ARC· 12228 

ARCHITECTURE 
(COMPUTERS) 
ATAM - automated 
trade assessment 
modeling 
pege 55 LAR·I3999 

ASTRONOMY 
Aiming Instruments on 
the space station 
page OS NPO-17518 

B 
BANDWIDTH 
Real·tlme optimization of 
receiver bandwidth 
pago 30 NPO·17<OO 
BEAMS (RADIATION) 
Gausslan-beam laser· 
resonator program 
page M LAR·l4080 

BINARY CODES 
Further results on flnlle· 
state codes 
pago 72 NPO·17513 

Bl0REACTORS 
Controlled·turbulence 
bloreactOfs 
pago 74 MSC·21293 

c 
C·BAND 
Measuring winds with 
pulsed C-band radar 
pago 28 KSC·11415 

CAMERA SHUTTERS 
Cryogenic shutter 
mechanism 
page 39 GSC·13189 
CELLS (BIOLOGy) 
Controlled·turbulence 
bloreactOts 
pago 74 MSC·21293 

CHARGE COUPLED 
DEVICES 
Jig aligns shadow mask 
on CCO 
pago 70 NPO·17672 

CHEMICAL EQUILIBRIUM 
Algorithm for hypersoniC 
flow In chemical 
equilibrium 
page 57 ARC·12140 
CHOLESKY 
FACTORIZATION 
Factorization of posilive 
definite, banded 
hermitian matrices 
page 73 N po. 17130 

CLOSURES 
Tamper-resistanl secure 
disposal conlalner 
page 58 NPQ-1 6639 

CODERS 
VLSI universal noiseless 
coder 
page 30 N po. 17OS9 

CODING 
Further ,esuils on finite· 
stale codes 
page 72 NPO·17S13 

COMBUSTION CHAMBER 
Adherent thermal barrier 
for combustion chamber 
page 68 LEW·14840 
Model of turbulent gas 
eddies containing drops 
page 46 NPO-17336 
COMPOSITE MATERIALS 
Bearing-bypass loading 
on bolted composite 
JOints 
page 59 LAR-14106 

COMPUTER ANIMATION 
Simulating scenes In 
outer space 
page 54 NPO-17246 
COMPUTER PROGRAMS 
Tracing rays In a solar 
power system 
page 53 LEW-,. n8 
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CONTROl SYSTEMS 
DESIGN 
Effect of noise In the 
Ideal state reconstructor 
poge 73 MF5-28382 

CRACK PROPAGATION 
R-Curve Instability 
calculations of crack 
growth 
poge82 LEW·14841 

CRYOGENICS 
Cf'yogenic shutter 
mechanism 
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