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or Datalogger for Any 
Application ... 

CT4;RS Sgeri7es #1 ~ t--------~~-~___..I 

From 4 
Microprocessor-Based 

Circular TemperatureIHumldlty Recorders 

Model OM-SSO 

$1099 

OMEGALlNE® Model 620 

Fro~1390 
Low Profile Vertical Recorder 

J 

Model RD6112 

$12501!ll 
Compact Flatbed 

Temperature Recorder 

5 Channel Handheld 
Datalogger Thermocouple Probe 

For more Information on these products Model88001K 
Surface Probe 
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LD600Series 
Displacement Transducer 

From $445 





INVESTING 
IN THE 

GENIUS OF THE 
MIND 

A simple discovery can unlock a secret that leaps millennia, to open riches of information that 

amaze the world ..... The Rosetta Stone, found in the Nile Delta by one of Napoleon's Engineer 

Officers, held the key to the ancient Egyptian hieroglyphics: fragments of three identical texts, one 

in a known language. The lost knowledge of the pharaohs sprang to life. . . . . Most discovery 

needs more than luck. An orderly process of observation and analysis-plus the genius of the mind 

to reach conclusion ..... At the David Sarnoff Research Center, the genius of the mind has been 

at work for nearly half a century, making discoveries for corporate and government clients around 

the world . . . .. This reservoir of accumulated experience and knowledge of superconductivity, 

surface emitting diode lasers, high-definition TV systems and allied disciplines, continues to make 

significant advances for our clients ..... General David Sarnoff saw us as a force to "Amaze the 

world!" using the powers of the mind to bring the best of technology to the service of industry and 

government. As a result, we often find our heads in the clouds, our feet on the ground - and some 

amazing solutions for the problems of our clients ..... For information call: Market Develop

ment, David Sarnoff Research Center, CN 5300, Princeton, NJ 08543-5300 (609) 734-2553. 

When you want to discover something amazing. . . . . 

DAVID 

SARNOFF 
RESEARCH CENTER 

Subsidiary of RI In ternational 

Circle Reader Action No. 604 



At 1.4 mUJlon 
pisels you don't 
have to accept 
anything sight 

unseen. 
The VIDEK MEGAPLUS 
Solid-State CCD Camera: 
1320(H) x 1035(V) pixels and 
100% light-sensitive sensor area. 

For maximum 
resolution and 
unsurpassed sub
pixel dimensional 
accuracy. And 8-bit 
digital output for 

Unique Kodak optimal signal 
sensor at actual size. qUalitJ' 

1320(8) x 10 l S(V) 
pixels with A vanced 

100% fill maximize 
imaging accuracy. Kodak imaging 

technology closes 
the information gap! 

Make your system 
look its best. 

The VIDEK MEGAPLUS Camera 
is compatible with products 

TheVIDEK 
MEGAPLUS™ 

Camera 

from your current 
board- or system
level supplier-PC/AT 
Bus. VMElSun Bus, 
andQ/Bus. 

Maximize image 
capture performance. 

This is the camera you've 
been looking for to meet your most 
demanding applications, including 
inspection, microscopy, medical 
imaging. and photo interpretation. 

See for yourself. 
Get all the facts today on what the 
VIDEK MEGA PLUS Camera can do 
for your application. 

Call1-800-24-VIDEK (8-5 EST). 
Or return the coupon below. 

And see what you've been 
I missing. 

r@'9*4i·Jm't.,,~,m't·"h 
I 
I Name 

D Please send me details on the 
VlDEK MEGAPLUS Camera. 

I ~TId~. ____________ ~Ph=oQ~e ________ __ 

Company 

I Address 

I ~Cit~y ____________ ~S~=te~~Z~ip ____ __ 

Send to: VIDEK. Marketing Communica.tions Dept., I 1100 Corporate Dnve. Canandaigua. New York 14425·9597 

: r--I g-Ioe- =-tc------,- I 
I A Kodak Company 

t: 1933 Vtdek. A KodakCompany Vtdek. Megaplus.and Kodak I are trademarks. speaf.a,Uons sublect to change WlthOUI notice 
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The Best Deserve The Best 

Link To The Future 
Link Flight Simulation has been select
ed by NASA for the Training Systems 
Contract (TSC) in support of the John
son Space Center mission to the year 
2000 and beyond. Link's role will in
clude upgrades to the Shuttle Mission 
Training Facility in Houston, develop
ing training facilities for the Space Sta
tion "Freedom," and evolving the train
ing system infrastructure to meet space 
exploration requirements of the 21st 
Century. 

The Training Systems Contract rep
resents an evolutionary step in the 
manned spaceflight program. Training 
for past NASA programs such as Gemini 
and Apollo were essentially single-pro
gram, stand-alone sortie operations. 
The Shuttle, Space Station, and other 
future endeavors are multi-program, in
terdependent, and habitation-opera
tions oriented. 

Link Flight Simulation has been a key 
player in the manned exploration of 
space for three decades, developing all 
of NASA's manned mission simulators. 
Link is also providing systems engineer
ing and development engineering at the 
National Test Facility as part of the 
Martin-Marietta SOI-NTB team. 

Link Flight Simulation Division 
of CAE-Link Corporation 
a CAE Industries company 
2224 Bay Area Boulevard 
Houston. Texas 77058 
Phone: (713) 280-4001 
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Photo courtesy NASA 

This Image cube was acquired with the Airborne v/slble/lnfrared 
Imaging Spectrometer, which col/ects data In 220 narrow 
spectral bands In the wavelength region from 0.4 to 2.5 
micrometers. The top of the cube Is a false-color composite 
showing Palo Alto, California. Healthy vegetation appears red 
In the Image, while the water of San FrancIsco Bay appears 
green. The two black bands are the atmospheric water 
absorption regions at 1.4 and 1.9 mIcrometers. For more on 
terrestr/al-lmaglng spectroscopy, see page 65 • 

DEPARTMENTS 
On The Cover: UsIng a 
technique called x-ray 
crystallography, a Marshall 
Center research team 
headed by Or. DanIel Carter 
has solved the thre. 
dimensional structure of 
human serum albumin, the 
principal plasma protein In 
the circulatory system. This 
breakthrough, which could 
lead to the development of 
new or Improved dlseas • 
fighting drugs, has earned 
Dr. Carter NASA's Inventor 
ofthe Year Award. Turn to 
page 14. (Photo courtesy 
NASA) 

Editorial 
Notebook .. 10 

New on the 
Market .104 

New 
Literature. .106 

Advertisers 
Index ...... 114 

The Orbiter Escape Pole, 
developed by this engineer
Ing group at the Johnson 
Space Center, will enable 
shuttle astronauts to quIckly 
and safely ball out of a d. 
scendlng orbiter In the event 
of an aborted launch or other 
mission failure (page 18). 

Photo courtesy NASA 
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in this document, or warrants that such use will be free from privately owned rights. The U.S. Government does not endorse any com· 
mercial product, process, or activity identified in this publication. 
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High-performance alloys are in
creasingly used as sheet and strip, 
for applications requiring ever
higher quality. Users of heat- and 
corrosion-resistant alloys want 
economical sheet/strip sizes, 
weld-free coils, improved surface 
quality, more precise section 
shape, and closer tolerances. Inco 
Alloys International has taken 
steps to meet these demands. 

A new hot-strip reversing mill, 
unsurpassed among producers of 
high-performance alloys, com
bines with a recently acquired 
cold-rolling facility to offer you 
high-quality sheet and strip in 
thicknesses from .005" to .250" 
and widths from .750" to 48(1 In 
addition to close dimensional 
tolerances, you get a superior sur
face finish and weld-free lengths 
in coil weights that can exceed 
20,000 lb. And every production 
step is state-of-the-art, to give 
you the best product available. 

This total in -house production 
permits strict quality control and 
traceability of your order from 
melting to shipment. And with 
the world's widest selection of 
high-performance alloys to 
choose from, you'll find exactly 
the properties you need. Corro
sion resistance, high-temperature 
strength, superior dimensional 
stability - whatever it takes to 
get the job done. 

Inco Alloys International also 
provides the performance and cost
efficiency you demand in a range 
of other forms such as rod, bar, 
plate, section, pipe, tubing, wire, 
and companion welding products. 
All available through a worldwide 
sales network including distri
bution centers located near you . 

To find out more, write for a 
free copy of "High-Quality 
Superalloy Sheet and Strip ~ ' 
Inco Alloys International, Inc., 
Huntington, West Virginia 25720. 
Or, for a quicker reply, FAX us 
at (304) 526-5441. 

A INCO ALLOYS 
.. INTERNATIONAL 
Distributors in the USA: Castle Metals,. 
Metal Goods. Tubesales, and Williams & Co. 
In Canada: Atlas Alloys and Drummond 
McCall Inc. 
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Convert 
Computer 
Graphics 

to 
Video 

RGB 

RGBIVideolink™ 
Scan Converters 

with Autosync 
The Link Between 

Computer Graphics 
and Television Video for 

Video Taping, Video Transmission 
and Video Teleconferencing 
• Adjustment free auto-locking 
• Real time operation 
• Flicker e limination 
• Anti-a lia sing 
• Genlock 
• Video overlay option 
• Full 24 b it color processing 
• Composite (NTSC or PAL), S-VHS, 
Betacam / MIl and RGB 
video outputs 

• Made in the USA 

Model 1400A 
autosyncs to workstation 

d isplays (45- 80 kHz) 

Model600A 
autosyncs to EGA, VGA and Mac II 

d isplays (21.5- 35.0 kHz) 

SPECTRUM 
(Formerly RGB Technology) 

2550 Ninth Street, Berkeley, CA 94710 
TEL: (415) 848-0180 FAX: (415) 848-0971 
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TAILORED OPTICAL POWER 

-88.30 dBm -22.8 I , 
dBm -

--

From The Laboratory To The Field ... 
Choose The Fit That's Best For You 

• Highest Accuracy, Stability, 
Linearity 

• Interchangeable Optical 
Connectors 

• Power Range: 
-100 dBm to + 10 dBm 

• Wavelength: 
380 nm to 1800 nm 

• Automatic Wavelength 
Correction 

Accurate, reliable and 
repeatable optical power 
measurement is assured with 
Anritsu. Featuring a broad 
range of possible configurations, 

Anritsu offers the total solution 
for all your optical power 
measurement requirements. 
Tailor your optical power with: 
the dual channel ML910B or 
single channel ML9001A in the 
lab and match the same 
performance in the field with 
the ML9002A. 

Suit yourself ... for a demo, 
literature or application 
aSSistance, contact ... Anritsu 
America, Inc., 15 Thornton 
Road, Oakland, NJ 07436. 
Call 800-255-7234 or (in NJ) 
201-337-1111. FAX 201-337-1033. 

IInritsu 
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• data atorage from 200 Mbytes to 66 GbJtift 
• up to 1280 analog channell per aubs.)'lltem 
• sampling rates to 900 KHz per channel 
• all-digital recording for repeatable accoracy 
• real-time monitoring of selected channels 

This unique high-performance system has moved 
analog recording into the digital world. Interfacing to 
Digital Equipment Corporation's powerful MicroV AX 
and V AX computers, Tachion-I offers you all the 
benefits of the CAMAC (IEEE-583) interface standard. 
Configure complete systems from over 150 110 
modules including interfaces for ARINC-429 and 
MIL-STD-1553. 

For nearly 20 years, KSC has been supplying cost
effective CAMAC data acquisition and control systems 
for such customers as General Electric, Boeing, NRL, 
McDonnell-Douglas, EG & G, AT&T, Martin-Marietta, 
and NASA. 

Call KSC today and see how Tachion-I will solve your 
high-speed data acquisition needs. 

ineticSy t 

1989 

COMPETITION WINNER 

CIted by ReNafe" & Otlll!'lOpmel'll 

mag.zm.lor de'leAopmQ one 01 the 
100 rnosl·s on,hcanl ttK:hn.ca 

p'OOUC~ of lhe ~ •• r 

• 

n 
11 Maryknoll Drive, Lockport, Illinois 60441 

(815) 8380005 
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Editorial 
Notebook 

Technology 2000 
S ince we placed the small announcement about Technol

ogy 2000 in the February issue of NASA Tech Briefs, the phone 
has been ringing constantly. One of the most persistent callers 
has been our Director of Operations, demanding that I write an 
editorial explain ing the show in a little more detail. 

Technology 2000 will be the first major national conference 
and exposition devoted to NASA technology transfer and will 
be jointly sponsored by NASA, the Technology Utilization 
Foundation, and NASA Tech Briefs Magazine. 

The event will be held November 27-28, 1990 at the Wash
ington, DC Hilton Hotel. Scientists, project leaders, and engi
neering innovators from NASA Headquarters and field centers 
will present a series of symposia on present and planned 
NASA R&D programs which will focus on industry involvement 
and commercial application of emerging technologies evolving 
from projects such as Mission to Planet Earth , lunar base and 
Mars mission studies, and advanced communications re
search. 

The need for such a conference is more pressing than ever. 
U.S. corporate R&D expenditures have steadily dwindled over 
the years to the point where they no longer keep pace with 
inflation, and government-sponsored research programs have 
correspondingly grown in importance as sources for the inno
vative technologies needed to create new commercial prod
ucts. NASA field centers and other federal laboratories now 
account for over 50% of all R&D dollars spent in the U.S. each 
year. It is important that the transfer of the technology gained 
through current efforts be as comprehensive and effective as 
possible. 

A recent study by the Chapman Research Group looked at 
a sample of 259 NASA spinoffs and found that secondary ap
plications of space-based technologies have generated over 
$22 billion in product sales and business savings. As much 
technology as NASA's TU Program has transferred to Ameri
can industry, a vast storehouse of untapped technology and 
technical knowledge awaits us. 

Technology 2000 is designed to help you tap into that 
storehouse. Attendees will have the opportunity to interact 
with top NASA/contractor researchers and officials to learn 
about licensing arrangements, cooperative R&D ventures, 
and near-term agency needs and contracting opportunities. 
NASA Industrial Applications Centers will be among the exhib
itors, as well as NASA contractors and other high-tech compa
nies with technology available for transfer . 

We see Technology 2000 as the first national gathering of 
the NASA Tech Briefs community, where the authors, re
searchers, readers , and vendor communities can gatherto ex
change ideas face to face at the exhibits and the symposia. 

For further information on either attending or exhibiting at 
Technology 2000, write to me or Joe Pramberger, NASA Tech 
Briefs' Editor, at NASA Tech Briefs, 41 East 42nd St. , Suite 
921 , New York, NY 10017, or call (212) 490-3999. 
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New ProduClldeas 
New Product Ideas are just a 
few of the many Innovations 
described In this Issue of NASA 
Tech Briefs and having promising 
commercial applications. Each Is 
discussed further on the 
referenced page In the appro· 

prlate section In this Issue. If you 
are Interested In developing a 
product from these or other NASA 
Innovations, you can receive fur· 
ther technical Information by re
questing the TSP referenced at 
the end of the full· 

length article or by writing the 
Technology Utilization Office of 
the sponsoring NASA center (see 
page 22). NASA's patent-llcenslng 
program to encourage commer· 
c lal development Is described on 
page 22. 

Gallium Arsenide 
Domino Circuit 

An experimental gallium arsenide field
effect-transistor (FET) domino circuit could 
be replicated in large numbers for use in dy-

With t0Jf 
'if 

_ you get. .. 

namic-Iogic systems. The circuit fulfills a 
need for low-lX'wer, fast, dynamic-logic cir
cuits with acceptable noise margins. 
(See page 36) 

.. . simultaneous X Windows capability within Microsoft" Windows, 
· .. system responsiveness approaching expensive workstations, 
... graphic communications between MS-DOS and UNIX computers, 
· .. the freedom to switch displays to suit your appl ication , and 
· . ,full X11 Release 3 functionality while retaining the use of your 
desktop 286" or 386" PC. 

Priced at $395 
To Order your copy, 
CALL (714) 978-6201 
FAX (714) 939-0746 

.:::ss-" Integrated 
__ --- Inference =-= :-= Machines 

X11 /AT is a trademark of Integrated Inference Machines, Inc. 1468 E. Katella Avenue, Anaheim, CA 92805. 
286 and 386 are trademarks of Intel Corporation. Microsoft is a trademark of Microsoft Corporation. 
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Lightweight, Thermally Con
ductive Composite Material 

A lightweight comlX'site material con
sisting of an aluminum matrix containing 
graphite fibers has greater thermal conduc
tivity than that of copper at temperatures 
from -20 to +140 °C. Per unit weight, the 
material is approximately 4 times as con
ductive as pure copper, twice as conduc
tive as pure aluminum, and 2.6 times as con
ductive as 6061 structural aluminum alloy. 
(See page 66) 

Automatic Tension Adjuster 
for Flexible-Shaft Grinder 

The flexible shaft of a grinding tool is 
automatically maintained in tension by air 
pressure. The probelike tool can be bent 
to reach hard-ta-reach areas for grinding 
and IX'lishing. 
(See page 93 ) 

Pressure-Measuring 
Diaphragm Transmits 
Optical Signals 

A prolX'sed sapphire diaphragm would 
allow both optical and pressure measure
ments in an instrumented research engine 
or pressure vessel. Strain gauges around 
the edge of the diaphragm would measure 
the deflection caused by pressure or vacu
um in the vessel, and at the same time, the 
transparent diaphragm would transmit light 
for optical measurements. 
(See page 76) 

This symbol 
appears next 
to technical 

briefs which describe in
ventions having poten
tial commercial appl ica
tions as new products. 
The process for devel
oping a product from a 
NASA invention is de
scribed at the top of 
this page. 
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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 includes 3-D plotting, HPGLske~h 
import, and 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 PostScript- compatible 
printers. 

And like before, MathCAD's live 
document interfaceft 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 UO commonly used 
functions built right in, for handling 
equations and formulas, as well as 
exponentials, differentials, cubic 
splines, FFfs and matrices. 

No matter what kind of math you 
do, MathCAD 2.5 has a solution 
for you. In tact, it's used by over 
60,000 engineers and scientists, 
including electrical, industrial, and 
mechanical engineers, physicists, 
biologists, and economists. r-;;;;;;;;;;;;;;;;;;;;-1 

But don't take our word ~ 
I ......... 

for it; just ask the experts. i:....l n , .. 
PC Magazine recently 
described MathCAD as 
"everything you have ever 
dreamed ofin a mathemat
ical toolbox." 

And for Macintosh-

March 14, 
1989issue. 
Best of '88 
Bestof'87 

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

Look for MathCAD 2.5 at your 
local software dealer, or give us a 
call. For more information, a free 
demo disk, or upgrade information, 
dial1-800-MATHCAD (in MA, 
617-577-1017) . 

Available for IBM- compatibles 
and Macintosh computers. 
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NASA's Top Inventors: 
Marshall Scientist Earns 
Inventor Of The Year Award 
For Biochemistry Breakthrough 

Photo courtesy NASA 
Dr. Daniel Carter studies a diffraction pattern from a crystal of human serum albumin. 

D r. Daniel C. Carter, a senior 
scientist in the Marshall Space Flight 
Center's Biophysics Branch, has been 
named NASA's 1990 Inventor of the 
Year for his pathfinding work in the field 
of protein crystallography. Carter, 35, 
has solved the three-dimensional struc
ture of human serum albumin (HSA), 
the principal protein of the circulatory 
system. His discovery could lead to 
major advances in drug design and 
genetic engineering. 

Carter determined the molecule's 
makeup using a technique called x-ray 
crystallography, in which protein crys
tals are placed in an x-ray beam to 
create diffraction patterns for analysis. 
By compiling the images from hun
dreds of diffraction experiments, Car
ter's research team built a three-di
mensional computer model showing 
the snake-like arrangement of HSA's 
585 amino acids. 

"This molecule (HSA) has been flow
ing through the veins of man for mil
lions of years ," Carter said. "Now, for 
the first time, we can see what it looks 
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like and how it operates." 
HSA's structure is of great medical 

importance because the protein binds 
and transports thousands of en
dogenous ligands and therapeutic drugs 
in plasma. Carter has mapped HSA to 
a resolution of four angstroms, allow
ing reseachers to pinpoint where cal
cium, copper, fatty acids, and other 
molecules attach to the protein . The 
Marshall group has already identified 
the binding sites for more than a dozen 
drug compounds, including aspirin , 
diazepam, ibuprofen, and AlT, a drug 
used to stop the spread of the AIDS 
virus. Explained Carter: "Because of 
HSA's incredible ability to transport and 
sequester such a chemically diverse 
group of molecules, scientists previ
ously thought that binding was ran
dom. We have found, however, that 
the protein 's multifunctional binding 
properties can be explained by only 
two to three active regions on the mole
cule." 

Knowledge of the binding areas will 
allow pharmaceutical companies to 

design new drugs or alter existing drugs 
so they may be more efficiently carried 
by HSA through the body. Many exist
ing drugs are ineffective because they 
bind too tightly to serum albumin and 
never reach their targets. 

Carter has teamed with British chem
ist Max Perutz, the founding father of 
macromolecular crystallography, to 
study the binding modes of drugs de
signed to treat sickle-cell anemia. "These 
drugs work great in the test tube but 
are rendered ineffective by HSA in the 
body," Carter said. The researchers 
will look at ways to tailor the molecular 
structures of the drugs to reduce their 
affinity for HSA and increase it for the 
sickle cell hemoglobin . 

A possible alternate approach, Carter 
said, is to develop a "generic" inhibitor 
molecule that would block serum albu
min's active regions during drug ther
apy. "That way you wouldn't have to 
custom-design each drug to avoid serum 
albumin 's grasp," he explained . 

The Marshall scientist is also col
laborating with several biotechnology 
companies to conduct genetic engi
neering experiments based on the new
found knowledge of HSA's architec
ture. One company is exploring site
directed mutagenisis of HSA; another 
is developing polypeptides one-sixth 
the size of the parent HSA molecule 
which offer applications as blood sub
stitutes and as the active components 
of biosensors and chromatographic 
matrices. The latter group has pro
duced a synthetic protein and wants to 
know "how it matches up to the real 
McCoy," according to Carter. "The 3D 
structure gives them a model for com
parison. They can check, for instance, 
whether or not the different disulfide 
bridges are formed properly." 

Melding Science And Art 
Crystallographers have been trying 

to solve the structure of serum albumin 
for nearly a century, but their efforts 
have been thwarted by problems with 
crystal size and quality. Carter's suc
cess is due primarily to his ability to 

(continued on page 20) 
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The 1990 Award Finalists 
NASA's Office of General Counsel, sponsor of the agency's Inventor of the Year 
competition, selected Marshall nominee Dr. Daniel Carter from a field of six finalists 
whose inventions were patented and/or commercially available during 1989. The 
other nominees' innovative work-which includes advances in materials science, 
signal processing, and spaceflight safety-is highlighted in the following pages. 

Goddard Space Flight Center 

Dr. Sheng Y. Lee 

Invention: 
Cellular 
Thermosetti ng 
Fluorodiepoxide 
Polymers 
(page 16) 

Langley Research Center 

James I. Clemmons (left) and James F. Meyers 

Invention: Frequency Domain Laser Velocimeter 
Signal Processor (page 16) 

Lewis Research Center 
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left to right: 
Bruce A. 
Banks, 
Michael J. 
Mirtich, and 
James S. 
Sovey 

Invention: 
Dual-lon-Beam 
Deposition of 
Diamond-Like 
Carbon Films 
(page 18) 

Johnson Space Center 

left to right, top row: Margaret E. Grimaldi, 
John P. McManamen, Bruce H. Becker, 
Clarence J. Wesselski bottom row: Jon B. Kahn, 
Edgar O. Castro, Timothy E. Pelischek 
absent: Dr. Winston B. Goodrich 

Invention: The Orbiter Escape Pole (page 18) 

Ames Research Center 

left to right: Dr. Salvatore 
R. Riccitiello, 
Dr. Ming-Ta S. Hsu, and 
Dr. Timothy S. Chen 

Invention: Boron-Containing 
Organosilane Polymers 
(page 18) 



Frequency Domain laser Velocimeter 

Signal Processor 

James F. Meyers and James I. Clemmons, Jr. 
Langley Research Center, Hampton, VA 

L angley's nominees collaborated 
with scientists at the Old Dominion Uni
versity Research Foundation to create 
an innovative scheme for processing 
signals from laser velocimeter systems. 
Their invention is a "smart" digital in
strument that reconfigures itself, based 
on the input signal characteristics, to 
achieve highly accurate measurements. 
It can solve fluid flow problems requir
ing a low signal-to-noise ratio (SNR), 
as in flare conditions identified with 
near surface measurements, or high 
accuracy, as in laminar flow measure
ments. 

Laser velocimetry is a non intrusive 
method for gauging the velocity of micron 
sized particles embedded in fluids or 
microscopic flaws in surfaces. The optical 
system creates an interference fringe 
pattern using two crossed laser beams. 
As a particle passes through the fringes, 
it scatters light from the lighted bands. 
A portion of this oscillating light is col
lected by a photomultiplier tube and 
converted to an electrical signal. This 
signa I - a burst about a microsecond 
long - contains a chirp whose fre
quency is directly related to the rate at 
which the particle passes through the 
lighted bands. 

The Langley invention employs a 
transient recorder to capture the signal 
burst and digital signal processing to 
determine its oscillation frequency. This 
approach offers an eight-fold increase 
in measurable signals and a five-fold 

Pholo courlesy ASA 

increase in measurement accuracy over 
conventional techniques such as burst 
counters. Further, it reduces the re
quired SNR by a factor of 32, allowing 
measurements within boundary layers 
of wind tunnel models. ' 

The signal processor can be incor
porated into any standard laser veloci
meter system. In addition to benefiting 
aerodynamics research, the invention 
permits laser velocimetry to be used in 
industrial applications requiring precise 
velocity measurements of moving ob
jects such as strip material and trans
mission parts. For example, by meas
uring the velocity of sheet aluminum to 
determine its length, manufacturers of 
aluminum cans could save an esti
mated $100,000 per plant each month. 

Under an exclusive licensing agree
ment, Macrodyne Inc. of Clifton Park, 
NY is manufacturing a commercial 
version of this invention called the Model 
3100 Frequency Domain Processor. It 
features a 50 MHz sample rate, provid
ing a 20 MHz bandwidth , with a mini
mum sensitivity of 50 mV full-scale . 
Testing at NASA's Ames Research 
Center in near-wall , boundary layer 
conditions with low SNR shows the 
Model 31 00 significantly enhances the 
accuracy of complex flow measure
ments. 

Flow visualization and wind tunnel laser 
velocimeter measurements of the leading
edge extension (LEX) generated vortex 
above an F-18 at 25 degrees angle of attack. 

Cellular Thermosetting 

Fluoropolymers 

Dr. Sheng Y. Lee 
Goddard Space Flight Center, 
Greenbelt, MD 

D r. Lee has developed a process 
for making fluoropolymer foams with 
controllable amounts of inert-gas fill
ings in the foam cells. Unlike thermo
plastic fluoropolymers, the thermoset
ting fluoropolymers do not require foam
ing additives that leave undesirable 
residues, and can be formed at rela
tively low temperatures and pressures. 
Applications include coatings, electri
cal insulation, and wire products such 
as coaxial cables and power lines. 

The process involves mixing a 
fluorodiepoxide and a curing agent, 
typically an adduct amine, at or near 
room temperature. After deaeration in 
a vacuum, the mixture is placed in a 
chamber, which is then filled with a gas 
at a pressure of several atmospheres. 
The filling gas can be air, oxygen, nitro
gen, or any of a variety of elements that 
do not react chemically with the mix
ture. Experiments have shown that the 
gas reacts physically with the mixture 
in a controlled way and can be squeezed 
into the mixture as long as the fluorine 
content is at least 30 to 40 percent by 
weight. 

The mixture is allowed to cure par
tially at room temperature. Once the 
mixture has gelled, the gas is trapped 
in the polymer, which is then removed 
from the pressure chamber and heated 
to approximately 70°C to complete the 
cure . By comparison, thermoplastic 
fluoropolymers must be heated to 240°C 
or higher and are subjected to pres
sures approaching 1500 psi . 

While the polymer is being cured, 
the trapped gas causes it to foam by 
heating. The depth of foaming depends 
on the type of gas and can be in
creased by increasing the pressure 
during the partial curing stage. 

The type and amount of gas can be 
varied to achieve a desired mass den
sity. The material can be foamed to the 
maximum extent, for example, to re
duce the amount of flouropolymers 
needed and thereby cut costs. A gas 
filling - possibly sulfur hexafluoride
could be used to enhance the dielectric 
properties of a foam for electrical insu
lation ; another gas such as oxygen or 
Freon could be selected to support or 
retard combustion. 

The fluoropolymer resins employed 
can be any thermosetting fluoropolymer 
including fluoroepoxies, fluoropolyure
thanes, and fluoroacrylates. 
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The Orbiter Escape Pole 

Dr. Winston B. Goodrich, 
Clarence J. Wesselski, Timothy E. 
Pelischek, Bruce H. Becker, 
Jon B. Kahn, Margaret E. 
Grimaldi, John P. McManamen, 
and Edgar O. Castro 
Johnson Space Center, 
Houston, TX 

I n the wake of the space shuttle 
Challenger accident, NASA sought to 
provide shuttle astronauts with an emer
gency escape capability. The escape 
system NASA selected features a curved 
telescoping pole that allows crew 
members to bailout of the orbiter with
out danger of hitting a wing or other 
structure. The lightweight aluminum and 
steel pole is simple to operate and 
safer than alternative propulsive modes 
of crew expulsion . It enables eight 
astronauts to bailout in less than two 
minutes. 

The escape pole will only be used in 
the event of an aborted launch or other 
emergency situation in which the or
biter cannot reach a runway and must 
be ditched. Once the shuttle is brought 
into a controlled, gliding flight mode, 
the cabin is depressurized and the side 
hatch pyrotechnically jettisoned. A crew 
member then activates the pole's auto
matic extension system, which extends 
the pole out, down, and rearward from 
the hatch opening . Crew members at
tach their parachute harnesses to a 
magazine-fed , roller loop lanyard con
nected to the pole, egress the hatch , 
slide down the pole, and descend to a 
safe landing. 

The pole housing attaches to the 
orbiter's middeck ceiling and is 126.75 
inches long. The primary extension is 
112.54 inches (arched length) and the 
end extension is 32.65 inches. For 
launch and landing, the unextended 
pole is oriented toward the closed crew 
hatch. During on-orbit operations, it is 
repositioned toward the middeck lock-
18 
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In the event of an aborted launch or other 
mission failure, the Orbiter Escape Pole wi/l 
enable shuttle astronauts to quickly and 
safely bail out of the orbiter. 

ers and stowed on the ceiling so that it 
does not interfere with crew activities in 
the middeck area. 

At the beginning of deployment, a 
kicker-spring mechanism pushes the 
main pole out of the housing, guided by 
a bearing block. An arrester assembly 
stops the pole as it reaches the limit of 
its movement, absorbing its kinetic 

energy. Then a second spring pushes 
the end extension outward. A locking 
device prevents the extension from re
tracting once it has been deployed. If 
the kicker spring mechanism fails, a 
redundant manual system can be used 
to deploy the pole. 

Johnson Center engineers designed 
and developed the escape pole in time 
for Discovery's "return to flight" mis
sion in September 1988, and it has 
been carried on each subsequent 
mission. 

Boron-Containing Organosilane Polymers 

Dr. Salvatore R. Riccitiello, Dr. Ming-Ta S. Hsu, and Dr. Timothy S. Chen 
Ames Research Center, Moffett Field, CA 

T his research team garnered Ames' 
nomination by developing a new, im
proved way to make high-performance 
ceramic materials. They have success
fully synthesized boron-silicon polymers 
which yield non-oxide, high-tempera
ture silicon borides, silicon carbide, and 
Si-B-C ceramics upon pyrolysis. 

Non-oxide ceramics are exception
ally hard materials that resist creep 
and thermal shock and have a low 
coefficient of thermal expansion . Fab
ricating these materials into usable 
shapes is difficult, however, and re
quires sintering their powders at 1500°C 
or higher, often under extreme pres
sure. Polymer pyrolysis is an emerging 
alternate method that promises im
proved ceramics and expanded appli
cations for new ceramics. One advan
tage of polymer processing is that parts 
are formed without using additives or 
binding agents. 

The Ames group synthesized sev-

eral polymers with boron-silicon bonds 
in their backbones through the cou
pling reaction of boron halides or or
ganoboron halides with halosilanes in 
an aprotic solvent. Black ceramic ma
terials were produced from the poly
mers upon thermal degradation at tem
peratures above 1000°C, with a ce
ramic yield of up to 70%. The ceramics 
are stable in air to 1100°C with little 
weight gain or loss. They consist of a 
mixture of silicon carbide, silicon borides, 
and amorphous Si-B-C, with small 
amounts of silica and free silicon. 

Further studies show that these 
polymers can be melt-spun to green 
fiber with a 30-801lm diameter. The 
new Si-C-B fibers are similar in tensile 
strength to NICALON silicon carbide at 
room temperature. Preliminary data 
indicates, however, that at 1200°C the 
tensile strengths of Si-B-C are higher 
than at room temperature. In contrast, 
NICALON fibers lose strength above 
1150°C. 

Deposition Of Diamond-like Carbon Films 

Bruce A. Banks, Michael J. Mirtich, and James S. Sovey 
Lewis Research Center, Cleveland, OH 

A unique dual ion beam system de
veloped by these Lewis scientists 
enables low-temperature deposition of 
diamond-like carbon coatings on plas
tics, quartz, silicon, metals, and a vari
ety of other materials. The patented 
process can be used to coat relatively 
large objects and produces films with 
high electrical resistivity, extreme hard
ness and clarity, and chemical inert
ness - making them well-suited for 
optics and electronics applications. 

The carbon thin-film is deposited on 
the substrate surface by exposing the 
surface to an argon ion beam contain
ing a hydrocarbon, typically methane. 

The ion beam's current density is kept 
low during initial deposition of the film, 
then increased to full power. At the 
same time, a second ion beam with a 
higher energy level is directed towards 
the substrate surface. The added energy 
improves the mobility of the condens
ing atoms and removes lesser bound 
atoms. 

NASA has licensed this technology 
to Air Products and Chemicals, Inc. of 
Allentown , PA. The company is cur
rently using the deposition process to 
create scratch-resistant coatings for 
watch crystals, plastic sung lass lenses, 
and eyeglass lenses. 
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NASA's Inventor Of The Year 
(continued from page 14) 

grow large (0.5 to 1.0 mm), highly
ordered crystals that are easily repro
duced and strong enough to withstand 
analysis. "Protein crystal growth is as 
much an art as a science, "said Carter, 
who holds a PhD in x-ray crystallogra
phy from the University of Pittsburgh . 
"The crystals are extremely delicate 
and it takes a lot of trial and error to 
obtain a good crystal form ." 

Carter said he has performed "tens 
of thousands" of protein crystallogra
phy experiments since joining the 
Marshall Center's Space Science Labo
ratory in 1985. "Perseverance is a 
crystallographer's greatest asset," he 
said with a smile. "You often work for 
years before you get a breakthrough , 
so you have to be willing to hang in 
there." 

As a co-investigator in NASA's crys
tal growth experiments aboard the space 
shuttle, Carter is currently studying the 
effects of microgravity on the growth of 
HSA. He hopes to use especially pure 

computer model shows the electron density 
in one of serum albumin 's six bundles of 
intertwining amino acids. 

Dual beam ion source for deposition of films 
with diamond-like properties 

Other applications include insulat
ing gates for field effect transistors, 
integral coatings for solar cells or laser 
windows, and protective coatings for 
metals. 

For information on licensing or 
sublicensing any of these inventions, 
contact the patent counsel at the 
NASA field center that sponsored the 
research (see page 22). 
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space-grown crystals to develop a three
angstrom image of the protein's struc
ture. "When we get to three angstroms 
resolution ," he said, "we'l l be able see 
the chemistry of the individual binding 
sites - how Mother Nature arrived at 
these multifunctional binding pockets." 

Carter likens his work to that of an 
astronomer "peering into the unknown" 
in seach of new discoveries. "Our tele
scopes are x-ray diffraction machines 
and computers ," he said. "Astronomers 
look at outer space and we look at inner 
space - the basic mechanisms of life." 

By winning NASA's Inventor of the 
Year Award, Carter automatically quali
fies as the agency's nominee for the 
National Inventor of the Year competi
tion sponsored by the Intellectual Prop
erty Owners Inc., a Washington, DC 
group that lobbies for stricter laws to 
protect patents, trademarks, and copy
rights . The winner - to be chosen from 
approximately 100 industry and gov
ernment nominees nationwide - will 
be announced in May. 0 

For more on Dr. Carter's work, see 
NASA Tech Briefs Vol. 13, Num. 9. 

IIlustrallon courtesy NASA 
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Introducing DADiSP 2.0 

DADiSP. The Big Picture in 
Signal Processing 

DADiSP - interactive graphics and data analysis soft
ware for scientists and engineers. DADiSP 2.0 delivers 
unprecedented power, through easy-to-use menus. Choose 
from hundreds of analysis functions and graphic views -
from tables to 3-D. Simultaneously display 
multiple windows, each with different data or 
analyses, for unlimited perspective on your 
toughest data analysis problems. 
Build your own analysis worksheets -
build and display an entire signal processing 
chain, without programming. And DADiSP's 
powerful graphic spreadsheet automati
cally recalculates and updates the entire 
chain if you change your data or a 
processing step. 
Do serious signal processing ... the way 
you always pictured it! FFTs, digital filter 
design, convolutions, waterfall plots, and more 
- all at the press of a key. 
Let your instruments do the talking - use DADiSP-
488 to bring data from your instruments directly into a 
DADiSP window for immediate viewing and analysis. 

Flexible, expandable, customizable - annotate your 
graphs and send them to printers, plotters, or publishing 
packages. Create your own macros, automate routine 
tasks, and run any program written in any language from 

within DADiSP. DADiSP even lets you build 
your own menus. 
A proven standard - already used by 
thousands of engineers and scientists world
wide, in a whole range of applications like 
medical research, chemistry, vibration 

analysis, communications, manufacturing 
quality control, test & measurement, and 
more. DADiSP supports the IBM PC 
and PS/2, SUN, DEC VAX, HP 9000 and 
Concurrent families of personal computers 
and workstations. 

GET THE PICTURE! 
CALL TODAY 617·577·1133 
Ask for our Evaluation Disk. For more 

information, write to DSP Development Corporation, 
One Kendall Square, Cambridge, MA 02139, 
or FAX: 617-577-8211. 

DSP 
Development 
Corporation 

Australia-Interworld Electronics, 03 521-2952; England-Adept Scientific, (0462) 683355; Biosoft, (0223) 68622; Finland-Turion, 0-372-144; 
France-SM2I, (1) 34810178; Sacasa, 69077802; West Germany-Datalog, (02166) 46082; Stemmer Electronik, 089-809 02-0; Israel-Racom Electronics, 
03491-922; Italy-BPS Computers, (02) 61290221; Japan-Astrodesign, 044-751-1011; Netherlands-Computer Engineering Roosendaal, 01650-57417; 

New Zealand-GTS Engineering, (09) 392 464; Sweden-Systek, 013 110140; Switzerland-Urech & Harr AG, 61611325; Taiwan-Advantech, 2-351-2117 
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"When Interleafs 
sofuvare runs on 
~tal's powerful 

worKstations, you see 
the full potential 

of electronic 
publishing:' 

"lnterleaf's leadership position in 
electronic publishing is based on the 
view that information is most useful 
when it can be shared by the whole 
organization. Digital gives us what we 
need to make that a reality. 

"In Digital's DEC station;" 
UNIX®-based RIse workstations and 
VAXstation'" workstations, we have 
excellent vehicles for our software. 
They offer high performance and a 
choice of robust operating systems
ULTRIX'" and VMS:" And they bring 
Digital's well-known networking and 
multi-vendor integration into play. 
For example, Digital's CDA'" (Com
pound Document Architecture) can 
provide users with the means to share 
all types of data-text, charts and 
graphics - between applications and 
across operating systems. 

"With the speed, flexibility and 
comprehensiveness of what we offer 
together, customers are beginning to 
see how all-encompassing electronic 
publishing can be." 

The rewards of working together. 
Digital's high-performance work

stations offer a unique combination 
of power and networking capability 
for turning information into a shared 
resource. And, we back them with 
worldwide service and support. 

Today, with a full line of worksta
tions, Digital gives you an elegantly 
simple way for your people to work 
together more productively, more 
creatively, more efficiently, more 
competitively. 

To learn more, call 1-800-842-5273 
ext. 625. Or call your local Digital sales 
office. 

A way to work together like 

never before. Digital 
lias 

It 
now. 
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Antenna-feeding Array 
28 Ge/Sllntegrated Circuit for 

Infrared Imaging 

Wideband Microstrip 
Antenna-Feeding Array 
Special impedance-matching 
probes help to reduce 
feed complexity . 

NASA's Jet Propulsion 
Laboratory, 
Pasadena, California 

A lightweight array of microstrip anten
na elements is designed to transmit and to 
illuminate a reflector antenna with circular
ly polarized radiation at 1,545 to 1,550 MHz 
and to receive circularly polarized radia
tion at 1,646 to 1,660 MHz. The array is a 
cluster of seven subarrays (see Figure 1), 
each of which contains four linearly
polarized microstrip radiating elements ar
ranged at 90 ° intervals of orientation and of 
phase at the feed points. The array is in
tended to be part of a larger overlapping
cluster array that will generate multiple 
contiguous beams. 

32 Fleld-Induced-Gap Infrared 
Detectors 

33 An Optimal DeSign for 
Steerable Dish Antenna 
WlthBWG 

34 Tunable-Ouantum-Well 
Infrared Detector 

36 Gallium Arsenide Domino 
Circuit 

38 32-GHz Wldeband Maser 
Amplifier 

40 Epoxies Bond Waveguides 
to Flanges 

CLUSTER OF SUBARRAYS 

The subarrays are made from honey
comb-supported microstrip substrates 0.5 
in. (12.7 mm) thick. This thickness - about 
0.07 wavelength at the operating frequen
cies - is unusually large for a microstrip 
radiator and is needed to achieve the re
quired bandwidth of 7.5 percent. The radi
ating patches of each subarray are fed by a 
strip-line four-way hybrid power divider that 
includes delay lines to obtain the 0°, 90°, 
180°, and 270° phases at the feed points. 
The six outer subarrays are fed at an ampli
tude 13 dB below that of the central subar
ray to obtain the proper edge taper for low 
side lobes. 

Mlcrostrlp 
Patch 

y 

• I 

Because the substrate is relatively thick, 
it generates relatively-large surface waves, 
which give rise to undesired coupling be
tween the subarrays. This coupling can I 

give rise to asymmetry in the components 
of the radiation field and degrade the cir
cular polarization. Metallic baffles 1 in. (2.5 
cm) tall are therefore installed between the 
subarrays to block out most of the surface 
waves. Within each subarray, the orienta
tion and phase relationships among the ra
diating patches suppress most of the ef
fects of the surface waves. 

Normally, impedance-matching circuit 
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FEED PATTERN OF SUBARRAY 

Figure 1. The Mlcrostrlp Array is a cluster of 7 subarrays containing a total of 28 microstrip 
patches. The array produces a circularly polarized beam with suitable edge taper to illumi
nate a reflector antenna. 
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sections would be added to the p0'Ner
dividing circuits to tune out the induc
tances at the feed points. However, these 
sections increase the size and complexity 
of the circuits and introduce additional 
losses. Therefore, for simplicity, the im
pedances are matched at each feed point 
by a teardrop-shaped probe (see Figure 2). 
The teardrop shape introduces the capaci
tance needed to cancel the effect of the 
undesired inductance. 

Figure 2. The Teardrop-5haped Feed Probe 
provides a gradual change of field from a 
coaxial transmission line into the micro
strip substrate. The shape is not critical. 

The array achieves an axial ratio of 0.8 
dB (0 dB indicates pure circular polariza
tion) at the peak of the radiation pattern, 
and the voltage standing·wave ratio re
mains below 1.5 across the required 7.5-
percent frequency band. A bandwidth of 10 
to 15 percent should be achievable by use 
of a thicker substrate and a similar design. 

This work was done by John Huang of 
Caltech for NASA's Jet Propulsion lab
oratory. For further information, Orc/e 41 
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.JPL [see page 22). Refer to 
NPO-17548 

Ge/Si Integrated Circuit for Infrared Imaging 
Photodetectors would be deposited on signal-processing circuitry at the focal plane. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A proposed integrated circuit would con
sist of a focal-plane array of metal/germani
um Schottky-barrier photodetectors on the 
same chip with silicon-based circuits that 
would process the signals from the photo
detectors (see figure). Because the heights 
of Schottky barriers on germanium are 
much lower than on silicon, the germani
um-based detectors can operate at 
strategically important longer wave
lengths - typically 8 to 12 /-1m - whereas 
silicon detectors are limited to the range of 
3 to 5 ~. At shorter wavelengths, the ger
manium detectors would exhibit higher 
quantum efficiencies. 

First, the signal-processing circuitry 
would be made by standard silicon-fabrica
tion techniques. Bare areas of silicon 
would be left where the photodetectors 
were to be placed. The silicon wafer would 
be cleaned, then placed in an ultra-high
vacuum chamber for the molecular-beam 
epitaxial deposition of germanium. Growth 
at low temperature, which is a principal 
feature of molecular-beam epitaxy, is nec
essary to avoid degradation of the circuitry 
on the wafer. 

After the deposition of the germanium, a 
layer of metal would be deposited directly 
on the germanium without breaking the 
vacuum. (The maintenance of the vacuum 
helps prevent the incorporation of impuri
ties at the metal/germanium interface. 
Such impurities could dominate the prop
erties of the Schottky barrier.) The proper
ties of the Schottky barrier may be further 
improved by reacting the metal into the 
germanium to form a metal germanide. 
The wafer would then be removed from the 
chamber, and the detector pattern and 
connections to the silicon circuitry would 
be formed by standard low-temperature 
processing techniques. The combination 
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~ Protective 5102 

• Metal Interconnection 

Metal 
Interconnection 

SIlicon Substrate 

Germanium Sl Slgnal·Processlng 
Circuitry 

Metal/Germanium Schottky·Barrier Photodetectors like this one would be made compatible 
with the underlying silicon·based circuitry by growing the germanium epitaxially on silicon 
circuit wafers. The metal could be deposited in an ultrahigh vacuum immediately after the 
growth of the germanium. 

of the described techniques should result 
in high-resolution infrared'imaging circuits 
of superior performance. 

This work was done by Robert W. 
Fathauer of Caltech for NASA's Jet Pro
pulSion laboratory. For further informa
tion, Orcle 54 on the TSP Request Card. 

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

dressed to 
Edward Ansell 
Director of Patents and Ucensing 
Mail Stop 301-6 
California Institute of Technology 
1201 East California Boulevard 
Pasadena, CA 91125 

Refer to NPO-17397, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 
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FL U K E A N D PHI L IPS THE G L OB A L 

FLUKE 

Heres the picture reI< & 
For the full picture, true high per
formance DSOs must provide superior 
signal capturing, exceptional analytical 
power, plus automation. The Fluke 
PM 3323 does. The competition doesn't. 

Digital Storage Oscilloscopes promise 
great advantages over analog scopes. 

But fulfilling that promise means carefully 
chOOSing the best DSO performance for 
your budget. 

With the PM 3323 you get all the acquisi
tion and analytical power you need to extract 
a wealth of information from your signals. 

Try getting the information pictured above 
with the Tek 2440 or HP 54502A, and you'd 
need them both. Plus, the PM 3323 can give 
you all this performance within your current 
automated test environment. 

Signal Acquisition. 

Before you can analyze signals you have 
to capture them. Here the PM 3323 stands 
alone. You get a wide 300 MHz bandwidth 
for capturing repetitive signals. You get 
500 MS/s real-time sampling for single
shot events, even to a fast 50 MHz:" 

For even the fastest transient signals, 
you get 2 ns horizontal resolution, 
a 1.17 ns risetime, and a 3 ns 
glitch capture function. 

Added features including 
automatic de offset and digital 
delay let you really zero in 
on the signal you want. All 
with precise 10 bit vertical 
resolution and easy-to-use 
AUTOSET. 
• At 10 samples per period. 

~ 

Signal Analysis. 

With the processing power of 2 AT-type 
computers, the PM 3323 lets you analyze 
Signals, not just look at them. 

Going far beyond amplitude and time 
measurements like RMS, Rise/ Fall time, and 
frequency, the PM 3323 provides advanced 
functions such as integrate for area, differen-
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ALLIANCE I N T EST & MEA S U R E MEN T 

PHILIPS 

HP dorlt want you to see. 
tiate for slewrate, calculate amplitude proba
bility, even FFTs to show frequency domain. 
And there's no need for an external computer. 

Plus, memory sufficient for 251 front panel 
setups makes automation easy. 

See the difference. 
Only from Fluke. 

At only $7,750, the 
PM 3323 is just one of the 
talented OSOs from Fluke 
offering superior specs for 
unparalleled performance 
and value. 

Features 
Speed 

VIfIIc.1 
R....u .. 
Glhc~ CIIIWI 
Stop/s..lan 
DIIfInIICI 
AIII"II FIICtIHl 
lint .. OiH .. HIS! . Filler. FFT) 

MIUI FIIClions 

transition from analog to digital easier than 
ever, by sending for our free video titled "DSOs 
With a Difference: Chapter 11:' Just fill out and 
mail the postage paid card provided, or call 
1-800-44-FLUKE, ext. 77. 

Fluke Tek ' HP ' 
PM 3323 2440 54502A 
300 MHz 300 MHz 100 MHz real time, 
SOOMS/s SOOMS/s 400 MHz repetitive 

400 MS/s 
10 bits 8 bits 6 bits 

Yes Yes No 
Yes Yes No 

Yes No No 

Yes Multiply Yes 
See them all, including 

our medium frequency 
combination digital/analog 
scopes which make the 

(add . subtract multiply. divide) only 
M .. _HI Yes Yes Yes 
FlnctlHI IRMS. Freq . etC.l 

John Fluke Mig .• Co. Inc. P'O.Bo. 9090, MIS 250C, E,erell, WA 
98206·9090. US. (206)356-5400. Canada (4161890·7600 O1her 
countries: (206)356·5500. 0 1989 John Fluke Mfg. Co., Inc. All rlghls 
reserved. Ad no. P3320·0993. Teko and HP' are reglslered trade
markS of Teklronlx, Inc., and Hewlell·Packard, Inc. 

FLUKE 
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Field-Induced-Gap Infrared Detectors 
~J Semimetals would become semiconductors under applied magnetic fields. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

Tunable detectors of infrared radiation 
would be made by applying magnetic fields 
to semimetals, according to a proposal. 
The new detectors would require less cool
ing equipment because they would oper
ate at temperatures somewhat higher than 
the liquid-helium temperatures required 
by extrinsic-semiconductor detectors. The 
magnetic fields for the new detectors 
'MlU1d be provided by electromagnets based 
on the recently<liscovered high-transition
temperature superconducting materials. 

The detector material has to be a semi
conductor, in which a photon is absorbed 
by exciting an electronlhole pair across the 
gap Eg of forbidden energies between the 
valence and conduction energy bands. In a 
semimetal ofthe gray-tin type [for example, 
a-Sn, HgTe, HgSe, and H9 1 _ xCdxTe 
(where 0"': x"': 0.1 5)], the bottom of the 
conduction band touches the top of the va
lence band; that is, E = O. However, when 
a magnetic field is applied, additional va
lence and conduction subbands are formed, 
and Eg rises above zero (see Figure 1). In 
effect, the semimetal becomes an intrinsic 
semiconductor, in which Eg increases with 
increasing applied magnetic field. 

Eg is the minimum photon energy that 
can be absorbed by the material, and the 
corresponding wavelength AC' called the 
cutoff wavelength, is the maximum detect
able wavelength. Thus, in principle, small 
magnetic fields could enable detection in 
the far infrared or even at submillimeter 
wavelengths. For example, in a magnetic
flux density of 10 T, the AC of HgTe would be 
about 80 jAl1. 

Eg and AC can also be adjusted via the 
composition of the material. For example, 
in H91_ xCdxTe, E increases with x; in an 
applied magnetic fteld of 10 T, an alloy of x 
0.15 has a AC of 20 jAl1 . 

The magnetic- and compositional-tun
ing effects can be combined to obtain a 
two-absorber detector that has a narrow 
passband. By variation of the applied mag
netic field, the passband would be swept 
through the spectrum of interest. 

In one version of such a detector (left 
side of Figure 2), both absorbers would be 
madeofH91_ xCdxTe(withx = 0.15),buta 
slightly-higher magnetic field B would be 
applied to the outer absorber. The outer ab
sorber would act as a blocking filter, pre
venting most photons of wavelength short
er than its AC from reaching the inner ab
sorber. On the other hand, the inner ab
sorber would detect only those photons of 
wavelength shorter than its Ac ' which 
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Figure 1. The Extrema of the Valence and Conduction Bands at the center of the Brillouin 
zone in a semimetal of the gray-tin type touch at zero magnetic field. When a magnetic field 
~~:ttied, the extrema move apart, creating a gap, Eg , of energies that are forbidden to elec-
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videotapes available from NASA Tech Briefs. 
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'NOuld be slightly greater than the other Ac' 
Thus, the tunable passband 'NOU1d be the 
wavelength interval between the Ac'S of the 
two absorbers. In the second version (right 
side of Figure 2), the magnetic field 'NOUld 
be equally intense in both absorbers, and 
the Ac'S of the two absorbers would be 
made different by a slight difference in the 
composition. 

This work was done by C. Thomas Elliott 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Circle 
20 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.JPL [see page22]. Refer to 
NPO-17526 

Figure 2. Hg1 _"Cd .. Te Tunable Infrared Detectors of the new type would combine composi
tional and magnetic tuning. 

An Optimal Design for Steerable Dish Antenna With BWG 
Advanced features and modular design promise high performance. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A new design has been proposed for the 

highly-efficient 34-m-diameter millimeter
wavelength antennas of NASA's Deep 
Space Network. The design incorporates 
an axial beam waveguide, BWG, (see fig
ure) and an improved structure to maintain 
the shape and alignment of the reflecting 
surfaces. The engineering concepts in
volved in this design can be adapted to the 
design of other large, steerable antennas 
for telecommunications, radio astronomy, 
and military uses. 

The essence of the design problem was 
the derivation of an optimum configuration 
for the 34-m antenna structure for which a 
new center-fed beam waveguide system 
could be introduced. Contributing to the dif
ficulty in design was the necessity to adopt 
the 34-m antenna envelope and subsys
tem structural components for economical 
reasons. The general approach to the con
ceptual construction of the structure was 
to modularize the overall system so that 
critical constraint conditions pertaining to 
microwave optics and structural perform
ance could be satisfied. 

The paraboloidal reflecting dish is sup
ported by an octagonal truss structure, 
which in turn is supported by a "cross-box" 
truss substructure where the elevation 
wheel (the large gear that tilts the antenna) 
is attached. The main reflector, cross-box, 
and octagonal truss were optimized to ac
commodate the beam waveguide and sat
isfy many other design constraints, includ
ing the following: 

• Maximum allowable root-mean-square 
(rms) distortion of the reflecting surface 
due to worst-case gravitational and wind 
loads; 
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The Beam Waveguide is routed through the alidade and reflector structures . 

• Maximum allCM'able aiming error under structure; 
'NOrst-case wind load; • Elevation range sufficient for intended op-

• Maximum allowable weight of the tipping erations; 
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• Upper and lo.ver bounds on sizes of struc
tural members; 

• Maximum allowable stresses in structural 
members; and 

• Survivability at the zenith position in a high 
wind. 
According to computer simulations, the 

loss in gain at X-band due to gravitational 

loading in an antenna of the new design 
should be only half that of the existing ver
sion. The antenna should exhibit adequate 
microwave performance at frequencies up 
to 90 GHz and be able to operate at multi
ple frequencies. The new design can be 
retrofitted to existing NASA Deep Space 
Network 34-m antennas, or it can be used 

as the basis to build large ground-based 
steerable antennas. 

This work was done by K. L Chuang of 
PRe's Aerospace Technologies Division 
and F. L. Lansing of Caltech for NASA's 
Jet Propulsion Laboratory. For further in
formation, Circle 5 on the TSP Request 
Card. NPO-17429 

Tunable-Quantum-Wellinfrared Detector 
l'~ The wavelength would be adjusted by changing the applied voltage. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A proposed detector of infrared photons 
would be based on photon-assisted, reso
nant quantum-mechanical tunneling be
tween adjacent energy wells in its semi
conductor structure. The wavelength of 
maximum sensitivity (that is, of the reso
nance) would depend on the electric field 
in the device, which would be controlled 
via the applied voltage. 

The device would contain alternating 
layers of different semiconductors that 
would form a double-quantum-well elec
tron-energy structure. For example, (In, 
Ga)As could be alternated with GaAs, (AI, 
Ga)As with GaAs, (In,Ga)As with (In,AI)As, 
(In,Ga)As with (Ga,AI)As, or InAs with AlSb. 
These layers would be deposited by molec
ular-beam epitaxy on a layer of undoped 
GaAs on an n+ GaAs substrate. A final 
layer of n+ GaAs would be applied. The 
wafer thus formed could be cleaved into 
several units, and each unit could be divid
ed along its length to form the picture ele
ments of a line detector (see Figure 1). A 
metal contact would be added to the n+ 
substrate and to the n+ layer on the other 
side of each element, and an antireflection 
coat could be applied to the cleaved edge. 

The differences among the indices of re
fraction of the quantum-well and surround
ing layers are such that the quantum-well 
structure and the n+ GaAs layer to the sur
face could act as an optical waveguide. 
More optimum waveguide structures could 
be devised by using thicker layers of low in
dex for optical confinement. Therefore, in 
operation, the infrared light incident upon 
the cleaved edge would be channeled along 
the quantum-well structure. The portion of 
this light polarized with its electric field 
perpendicular to the quantum-well sur
faces would interact with the charge carri
ers in the device. 

A quantum-well structure that favors 
photon-assisted, resonant tunneling is illus
trated schematically in Figure 2. The thick
ness, a, of the quantum wells would be 
chosen so that each well would contain only 
the energy levels E1 and E2. The structure 
would also be designed to put E2 near the 
top of the well so that most photoexcited 
electrons could escape from the well in
stead of relaxing to E l' in which level they 
would be temporarily trapped. The condi-
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tion for resonance is approximately 

hv = E2 -E1-eFb 
where h is Planck's constant, v is the fre
quency of the photon, e is the ' electron 
charge, b is the thickness of the first two 
energy barriers, and F is the applied elec-

Metal 
Contacts 

tric field in the quantum-well region. Thus, 
the device can be tuned merely by chang
ing the applied voltage. 

The thickness of the barriers deter
mines the probability of tunneling, which 
can be increased or decreased to increase 
or decrease the probability of absorption of 

Quantum Wells and 
Optical Waveguide 

1
n 

+ GaAs / Undoped 

GaAs 
~ 

n+GaAs 

Figure 1. Tunable-Quantum-Well Detectors made on a single chip would constitute a line im
ager. Many such devices could be stacked to form a two-dimensional imaging device. Signal
processing circuitry could be integrated into the chip at its lower end. 
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a photon and, consequently, the absorption 
distance along the optical waveguide. For 
example, if the probability of tunneling 
were set at 10-3, the absorption distance 
would be of the order of millimeters. The 
third barrier would be made somewhat 
thicker to block dark tunneling from the 
ground state (corresponding to E1) of the 
normally-empty second well into the con
tinuum of energy states beyond this barrier. 

This 'M:>rk was done by Joseph Maserjian 
of Caltech for NASA's Jet Propulsion Lat> 
oratory. For further information, Qrcle 123 
on the TSP Request Card. 

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

Edward Ansell 
Director of Patents and Ucensing 
Mail Stop 301-6 
California Institute of Technology 
1201 East California Boulevard 
Pasadena, CA 91125 

Refer to NPO-17361, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 

,.. 
'" ;;; 
c: 
w 
c: e 
<; 
'" iii 

n +GaAS 
Alternating Layers of 

Di fferent Undoped Semiconductors 

Barrier 

Depth 

Undoped 
GaAs 

Figure 2. The Potential Barriers and Wells (with respect to electron energies) are produced 
by alternating layers of different semiconductor materials. The steepness of the slope is pro
portional to the applied electric field. The electric field and the thicknesses and heights of 
the barriers are selected to favor photon-assisted, resonant quantum-mechanical tunneling 
at the chosen photon frequency. 

Gallium Arsenide Domino Circuit 
~~ Advantages include reduced power and high speed. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
M experimental gallium arsenide field

effect-transistor (FET) domino circuit could 
be replicated in large numbers for use in 
dynamic-logic systems. The name of the 
circuit denotes the mode of operation, in 
which logic signals propagate from each 
stage to the next when successive stages 
are operated at slightly staggered clock cy
cles, in a manner reminiscent of dominoes 
falling in a row. The circuit fulfills a need for 
low-power, fast, dynamic logic circuits with 
acceptable noise margins. 

The building block of the GaAs domino 
circuit includes an input substage that ex
ecutes the input combinational logic. In the 
example of the figure, this substage con
sists of a clocked inverter 05 in series with 
an AND gate of one to four inputs (01"'~' 
When the clock signal goes high, the gate 
capacitance of 0 6 at node A is precharged 
through Os' causing 0 6 to predischarge C. 
The high clock signal also causes 0 8 to 
conduct strongly, bringing the output volt
age, vout' down to the drain-supply voltage 
Vss' This prepares the circuit for the trans
fer of information from the preceding stage 
to the following stage during the subse
quent low-clock-signal half cycle. 

The operation of the circuit depends on 
a peculiarity of GaAs FEr's: a slightly
negative gate-to-source voltage is required 
to cut off conduction. When the clock sig
nal goes low, 05 is cut off. If any input is low, 
then the charge stored in the gate capac i-
36 

--...-
Input Substage 

--...-
Inverter Substage 

Clock 
Signal 

Note: All 0 1 are GaAs field-effect transistors. 

vss -.,--
Level-Shifting 

Substage 

Vout to 
Following 
Stage 

The Building Block of the Domino Circuit includes input, inverter, and level-shifting sub
stages. The combinational logic is executed in the input substage. During the low half of the 
clock cycle, the result of the logic operation is transmitted to the following stage. 
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tance at node A maintains 0 6 above or 
near a gate-to-source voltage of zero, 
causing 0 6 to continue to conduct, thereby 
keeping C discharged and the output low. 
The advantage of this arrangement is that 
the low gate-to-source voltage keeps the 
gate leakage low. 

If all the inputs are high, the gate capac
itance of 0 6 is discharged through 0 1"'4' 
bringing node A down to ground voltage. 
The diodes in series with 0 6 supply enough 
negative bias to the gate of 0 6 so that when 
node A is thus grounded, conduction in 0 6 

is nearly cut off. This causes the voltage at 
node B to rise toward the drain-supply volt
age Vdd. Because the low clock signal also 
cuts off 0 8 (provided that Vss is somewhat 
above ground), the rise in voltage at B is 
transmitted through C to the output. 

The required value of C depends on the 
required swing in output voltage, the ca
pacitances of the interconnections, and 
the fanout because the charge stored in C 
is shared by the load capacitances. In a cir
cuit that has very long interconnections or 
a large fanout, a static source follower is 

32·G Hz Wideband Maser Amplifier 

preferable to a coupling capacitor. 
This work was done by Long Yang and 

Stephen I. Long of the University of Califor
nia for NASA's Jet Propulsion laborato
ry. For further information, Qrcle 42 on the 
TSP Request card. 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent 
COunsel, NASA Resident Office-JPL [see 
page 22/. Refer to NPO-17417. 

~J Features include low input equivalent noise temperature and 400-MHz bandwidth. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A highijain, wideband, microwave ampli

fier is based on ruby cooled by liquid hel ium. 
The amplifier is particularly useful for the de
tection of weak microwave signals in radio 
astronomy and communications. 

The amplifier includes eight ruby stages 
and is of the reflected-wave design (see 
Figure 1), which was chosen to achieve low 
noise and wide bandwidth about a center 

Superconducting 
Circulator 

Magnet 

Superconducting 
Maser Magnet 

frequency of about 32 GHz. Low noise is 
made possible by the absence of a comb
type slow-wave structure. The bandwidth 
requirement is satisfied by using a large vol
ume of ruby (about 60 cm in total length) and 
subjecting n to a magnetic field with a large 
gradient. The number of stages is dictated 
by the requirements for nearly constant gain 
across the operating-frequency band, ease 

Interconnection 

Eight 
Ruby-Filled 
Waveguides ... .. 

Electrlc-Fleld-Plane 
Power Splitters 

.. .. 

Sidewall 
Hybrid 

Couplers 

~-----------------------y 
Pump Sources: 

Four IMPATI Oscillators 
at 66 GHz, "'100 mW 

Each 

of fabrication of the ruby bars, and good 
noise performance across the band. 

The tuning range, limited by the frequen
cy response of the Y-junction circulators 
that connect the ruby stages, is 29 to 34 
GHz. Hcmever, at present, purnp-p.:mer re
quirements dictate the use of fIXed-tuned im
pact-avalanche-and-transit-time (IMPATD 
diode oscillators, effectively making the 

Superconducting 
Circulator 

Magnet 

3206Hz J 
Output 

o 

Superconducting 
Maser Magnet 

Figure 1. The Maser Amplifier includes eight stages connected in a reflected-wave configuration. 
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NUPRO packless valves for exacting service 
All metal seals give you leak
tight performance under 
extreme conditions involving: 
• Corrosive, toxic, radioactive, 
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fluids demanding safe containment 
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• Temperatures from cryogenics to 
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psi (24,100 kPa) 
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NUPRO bellows and diaphragm 
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benefits to meet your design and 
performance needs: 
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• Choice of end connections -
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CAJON VCO® & VCR® zero clear
ance fitt ings 

• Materials include 316 stainless steel , 
Monel & brass 

• Large range of flow capacities 
• Non-rotating stem tips improve cycle life 

Circle Reader Action No. 378 

• Bottom and panel mounting 
• Air actuated models with choice of 

Normally Open , Normally Closed 
and Double Acting actuators 

• 100% helium leak tested at the factory 
When you need valve performance 
beyond the limits of conventional 
packed valves, select from these 
NUPRO lines. They 're available from 
local stocks. Nupro Company, 4800 
East 345th St. , Willoughby, OH 44094 
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amplifier a fixed-frequency device. 
The design is basically an extension of 

previous reflected-wave masers built for 
the frequency range of 18 to 26 GHz. The 
ruby bars are housed in copper waveguide 
structures equipped with channels for the 
liquid helium. A single-coil "racetrack" su
perconducting magnet provides the "'12-
kG magnetic field required to bias the ruby. 
The ferrites in the circulators are biased 
simultaneously by a separate supercon
ducting magnet. 

Four I MPATT oscillators with a total out-

Figure 2. The Gain vs_ Frequency of the 
maser amplifier is fairly flat at about 21 dB 
across a frequency band "-'400 MHz wide, 
centered on 31.8 GHz. 

put power of 400 mW are required. 8& 
cause the I MPATT outr=ot powers can differ 
considerably from unit to unit, the outputs 
are combined and redivided in sidelNail hy
brid couplers, then split again with electric
field-plane power splitters. 

Rgure 2 shCM'S the performance of the 
amplifier at a liquid-helium temperature of 
4.6 K. The net gain within the frequency 
band of 31.8 ± 0.2 GHz is about 21 dB and 
varies no more than "'1 dB with frequency, 
the exact variation depending on the mid
dle frequency. 

This work was done by J. S. Shell and D. 
E. Neff of Caltech for NASA's Jet Propul
sion Laboratory. For further information, 
Qrcle 146 on the TSP Request Card. 
NPO-17558 

Epoxies Bond Waveguides to Flanges 
~~ Each waveguide/flange joint is made with a conductive adhesive and a structural adhesive. 

NASA 's Jet Propulsion Laboratory, Pasadena, California 
Strong, electrically conductive jOints can 

be made between waveguides and wave
guicJe.end flanges by slight modifications of 
the conventional flange structures and the 
use of both structural and conductive ad
hesives. The new twcradhesive joints over
come many of the disadvantages of dip
brazed joints, including damage caused by 
the heat of the brazing process, corrosion 
of joints by brazing salts retained in them, 
cracks in jOints, weakening of the wave
guide material, and limitation to the use of 
aluminum alloys, which are the only ones 
that can be dip-brazed. 

The inside of the flange is machined 
wider than the waveguide to provide a gap 
of 0.005 to 0.015 in. (0.13 to 0.38 mm) for 
the structural adhesive. In the version 
shown in the figure, the inner edge of the 
flange at the end of the waveguide is bev
eled approximately 0.050 by 0.050 in. (1.3 
by 1.3 mm). The flange is placed on the end 
of the waveguide, and the gap, but not the 
bevel, is filled with the structural adhe
sive - typically an epoxy with a consisten
cy like that of putty. If necessary, the bevel 
can be filled with a temporary masking ma
terial to keep the structural adhesive out of 
the bevel. In some cases, it may be prefer
able to put the conductive adhesive in the 
bevel first. 

The conductive adhesive is typically an 
epoxy that contains at least 50 weight per
cent of particles of silver. The main re
quirements are that the conductivity of the 
adhesive be suitable for the transmission 
of microwaves and that the bevel be large 
enough so that the heat generated by the 
microwaves does not damage the conduc
tive jOint. Of course, both the structural and 
conductive adhesives must be suitable for 
the environment in which the waveguide is 
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to be used. 
This work was done by Jay D. Bloom of 

Harris Corp. for NASA's Jet Propulsion 
Laboratory. For further information, Qrcle 
30 on the TSP Request Card. 

Title to this invention has been waived 
under the provisions of the National Aero
nautics and Space Act [42 U.S.G. 2457Wl 
to the Harris Corp. Inquiries concerning 

Waveguide 

licenses for its commercial development 
should be addressed to 

Harris Corporation 
Government Aerospace Systems Div. 
Po. Box 9400 
Melbourne, FL 32902 

Refer to NPO-17497, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 

Flange 

Structural Adhesive 
(Epoxy) 

/ 

SECTION A-A 

---.f 0.005 to 0.015 In . 

~f 

DETAIL A 

The Flange Is Machined Slightly Oversize and Beveled to accommodate structural and con
ductive adhesives. 
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Disturbance-Accommodating Controller Would Aim Antenna 
Exist ing methods of cont rol are combined to suppress systematic errors . 

NASA 's Jet Propulsion Laboratory, Pasadena, California 
A proposed system for aiming a large 

paraboloidal.{j ish antenna is based on the 
theory of disturbance-accommodating con
trol. The new concept of control incorpo
rates features from previously developed 
concepts to suppress systematic errors 
caused by misalignment of the antenna, 
sensor nOise, and random thermal and 
wind disturbances. 

Errors in the aiming of antennas in point
ing and tracking are typically functions of 

5 
(a) 

4 

Servo command 

3 (Input) 

2 r\ 

:; 0 
a. 
:; 
0 o - 1 
:; 
a. 5 EO 

(b) 

static and dynamic factors . Mechanical 
misalignments of sensors or inaccuracies 
in the predictions can be considered as 
static factors, whereas dynamic factors 
would include wind, thermal, and gravita
tional loading. The approach here is to 
cancel the static errors for precise pointing 
of the antenna by treating the systematic 
misalignment errors, as well as the seNO
commands, as disturbances to the con
trolled system. 

Aiming can be improved through a se
quence of modifications solely in existing 
software. Current algorithms can be en
hanced to provide simultaneously seNO' 
tracking and correction of the systematic 
errors as well as stabilization of beams in 
the presence of random disturbance 
torques. For a given antenna, seNodrive, 
feed, and distortion of the surface, a soft
ware package could be developed to opti
mize the performance to achieve, adapt-
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The Servocommand Responses of a sing le-vari able system with discrete-time digital control were simulated numerically. The disturbance in 
the output is clearly suppressed when disturbance·accommodating control is included. 
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ively, the maximum antenna gain for a 
prescribed direction vector with a "smart" 
controller. 

A typical antenna controller includes an 
analog velocity-controlloop and a position
control loop closed through a digital com
puter. The algorithms for the control of 
position are either proportional-integral (PI) 
or state feedback control algorithms. The 
PI control involves the application of gains 
to the position error and the integral of posi
tion error. The weighted sum of these 
signals is the commanded rate for the ve
locity-controlloop. This type of control sys
tem results in zero steady-state error when 
the input is a ramp signal. 

The more sophisticated method utilizing 
state feedback allows specification of the 
eigenvalues of the closed position-control 
loop. The initial disadvantage of state feed
back is the requirement that all the states 
of the system be available for the feedback 

control. The technique of estimation of the 
state has circumvented this problem, pro
viding the controller with an estimate for 
each of the unmeasurable or uncertain 
state signals. The feedback gains are se
lected to yield the deSigner 's selected 
eigenvalues to achieve the desired per
formance of the system. 

In the proposed disturbance-accommo
dating controller, another vector would be 
estimated simultaneously with the estima
tion of the state vector. This other vector 
would represent the disturbance state, 
which could then be used in determining a 
more-complete control strategy. 

The disturbance-accommodating con
troller is designed to synthesize and reject 
the waveformlike disturbances that are en
countered in practice in tracking systems 
for antennas. The disturbances can be 
mathematically modeled according to a 
priori data by determination of the corre-

sponding differential equation and, hence, 
the representation of the state of the 
waveform-structured noise. 

The results of a computer simulation 
show that the disturbance-accommo
dating controller can cancel systematic er
rors, while simultaneously allowing an 
optimal-control policy to regulate the 
system (see figure). The disturbance-ac
commodating controller is easy to imple
ment along with the existing servocontrol. 
Such practical issues as the order of the 
mathematical model, computation time, 
and storage requirements offer no ex
pected challenges in the design of micro
processor-based controllers. 

This work was done by L. L. Gresham, F 
L. Lansing, and C. N. Guiar of Caltech for 
NASA's Jet PropulsIon Laboratory. For 
further information, Circle 84 on the TSP 
Request Card. 
NPO-17631 

Digital Demodulator for Advanced Receiver 
Complexity and cost are reduced by a new design for half-band filters . 

NASA 's Jet Propulsion Laboratory, Pasadena , California 

A digital demodulator has been designed 
for use in the reception of phase- and am
plitude-modulated digital signals of band
widths up to 15 MHz on microwave carriers. 
The system performs coherent demodula
tion in phase and in quadrature with the 
carrier locked in phase to an intermediate 
frequency of 10 MHz. In statistical simula
tions and in tests of a "breadboard" ver
sion, the demodulator exhibited the ex
pected high performance at low signal-to
noise ratios. The design is suitable for 
fabrication in very-large-scale integrated 
circuitry. 

The intermediate frequency is digitized 
to 8 bits at a sampling rate of 39.6 MHz 
(chosen to avoid interference that would 
occur at 40 MHz). The demodulator multi
plies the samples by cosine and sine wave
forms at the 10-MHz intermediate frequen
cy, thereby generating the in-phase and 
quadrature baseband signals, plus the sum
frequency components (see Figure 1). 

The prinCipal innovative feature of the 
demodulator is the design of the half-band 
digital low-pass filters that remove the sum
frequency components. In concept, this kind 
of filter is a special case of the class of low
pass finite-impulse-response (FIR) filters of 
order N. The half-band concept was cho
sen partly because almost half of the N 
filter coefficients are zero, and conse
quently, the number of multiplications and 
additions required is only half that of an ar
bit rary I inear-phase digital f ilter. This 
reduces the required complexity of the cir
cuitry, particularly when decimation by 2 is 
used. 

Other considerations that favor this se-
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lection include the following: 
• The width of the stopband equals the width 

of the passband. This is ideal for the elimi
nation of sum frequencies that cause 
compiej( tleterodyning, because the sum
frequency components have the same 
bandwidth as that of the difference-fre
quency components to be passed. 

• The peak deviations of the ripples in the 
passband and the stopband are equal. As 
a result, the signal-to-noise ratio due to the 
passband ripple is about the same as that 
due to the sum-frequency noise aliased in
to the passband after decimation by 2. 

• When a decimation factor of 2 is em
ployed, the processing rate is also re
duced by a factor of 2. 

In-Phase 
Carrier 
Signal 

Figure 2 illustrates a simplified architec
ture for the Nth (N odd) order half-band 
finite-impulse-response filter. The output y n 
of the filter at the nth sampling interval is 
given by 

i = I(N- l )/2J 

Yn = L hjxn_i + xn 

i = -[(N- l )/2J 

where j is odd and xk denotes the input at 
the kth sampling interval. 

In this expression for Y n with even n 
(decimation factor of 2), the only term in the 
output that involves the even samples is 
the last term, which corresponds to the 
center tap of the filter. Thus, it is possible to 
reduce the computation of Y n for even n in-

Decimat ion Input 
Intermediate

Frequency 

r------, by2 r------, 
Half-Band 

Digital 
Low-Pass 

Filter i"'~"",g"""Dlgl", 
Converter Decimat ion 

,...------, by 2 
Half-Band 

Digital 
Low-Pass 

Filter 

Quadrature 
Carrier 
Signal 

Baseband 
Processor 

Output 

/ 

Figure 1. The Digital Demodulator performs coherent demodulation on the in-phase and 
quadrature components. 
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TAKE CONTROL WITH MA TRIXx. 

Only one family of products offers a strearnl ined software environ
ment for each phase of control system development - the lSI Product 
Family. For aerospace, automotive, computer peripherals, industrial 
control, and material processing. 

Build a complex graphical system model . Analyze the system and 
design a controller. Run real-time animated simulations. Plot the 
results. Refine the design. Generate real-time Fortran, C, or Ada code. 
Download it into a target proces-
sor. Run it in real-time. AU with 
one family of software products. 

~ Solve arithmetic and engi
neering problems without 
programming in Fortran or C. 

~ Design multivariable engine 
controllers faster. 

~ Optimize controllers for non
linear robotics applications. 

~ Model and simulate compli
cated nonlinear braking 
systems for antilock brake 
control. 

~ Create innovative satellite 

Analys;s and D8sJgn 
MATRIXx®: 
• Engineering and mathematical analysis 
• Programming 
• Comprehensive 2· and 3·0 graphics 
Expansion Modules: 
• Control Design 
• Robust Control 
• Optimization 
• Digital Signal ProceSSing 
• System Identification 

Modeling and Simulation 
System Bulld~ : 

• Mouse·driven graphical modeling 
• Nonlinear, hybrid, muttl·rate, and event· 

driven simulation 

attitude controllers using the latest robust design techniques. 

~ Simulate aircraft and missile guidance systems before expensive 
hardware testing. 

~ Prototype systems in hours - not months. 

MATRIXx is the least expensive engineering analysis product avail
able today - from $595 for PCs and $4000 for workstations. 

• 75 + engineering blocks 
• 6 integration algorithms 
expansion Modules: 
• Interactive Animation 
• Remote Simulation 
• Simulation Accelerator 
• Automatic Documentation 
• Project Database 

Real·Time Code Generation 
AuloCode~ : 

• Automatic Code Generation in Ada, C, or 
Fortran 

Implementation and Testing 
AC·100": 
• Real·time mutti·processor system 
• .. Hardware-In·the·loop" control 

Engineering professionals 
worldwide continue to rely on 
lSI's products to streamline con
trol system design . Now it's your 
turn. Call408-980-I500 for infor
mation, a complete set of Data 
Sheets, or the phone number of 
your nearest sales representative. 

~~~~rated 
~emslnc. 

2500 Mission College Blvd. 
Santa Clara, California 95054 

Tel: (408) 980-1500 
Fax: #408-980-0400 

D ESIGN · S IMULATION· C ODE G ENERATION · I MPLEMENTATION 
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A basic element in any solution is IBM. 
It' IBM scientific computing for chemistry: unbeatable combinations of products, 

applications, service and upport that can help chemists in virtually any discipline 
work more productively. 

IBM's chemistry solutions offer a wide range of system choices with the diverse 
applications, powerlul graphics capabilitie and development tools chemists need to 
improve information quality and reduce job turnaround time. 

The e versatile IBM solutions provide powerlul support at every step of the process: 
instrument data acquisition and control, laboratory information systems, access to 
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local and remote data bases, mathematical and statistical analysis, highly specialized 
graphics and technical reporting, and more. Plus, IBM connectivity allows you to put 
processing power and vital information where you need it today, while providing an 
unbroken growth path to your future system requirements. 

From computational chemistry to genetic engineering, technical office automation 
to imaging, workstations to supercomputers-liM is your chemical solution. 

For more information, or to arrange to have an liM Marketing Representative 
contact you, simply call1-800-liM-2468, Ext. 39. ~ =~_~® 
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Input 

Nth-ORDER FINITE·IMPULSE·RESPONSE FILTER 
WITH DECIMATION BY 2 

Odd r----., S~mples ....--------....., 
Delay 

Multiplexer 

Even 
Samples Flnlte-lmpulse·Response 

Filter of Order 
[(N -1)12) 

EQUIVALENT HALF-BAND MODEL 

Output 

Figure 2. The Half-Band Digital Low-Pass Filters of Figure 1 are a special case of Nth-order 
flnite·impulse-response filters suitable for decimation by 2. 

to a lower-order (half) filtering and an addi
tion operation. Rrst, the input is demulti
plexed into odd and even samples. The odd 
samples are filtered by an [(N + 1 )/2}tap 
finite-impulse-response filter. The output of 
the filter is summed with the delayed even 
sample. The simplicity of this architecture 
is evident in the comparison with structure 
of the general fast-impulse-response filter. 
The length of the delay (in sampling peri
ods) in the simplified model is (N + 1 )/2 + T, 

where T is the pipeline delay through the 
fast-impulse-response filter. 

This structure has the important addi
tional advantage that the filter operates at 
half the input frequency. Thus, the compo
nents can be slower than those of a gener
al finite-impulse-response filter. This helps 
to reduce the cost. It also enables building 
the filter to operate at twice the speed of 
available multipliers or FIR filter circuits. 
Furthermore, it is also possible to take ad
vantage of the symmetry of the coeffi
cients of the fast-impulse-response filter to 
reduce the number of multiplications by 
another factor of 2. 

This work was done by Ramin Sadr and 
William J. Hurd of Caltech for NASA's Jet 
Propulsion Laboratory. For further infor
mation, Orcle 46 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-JPL [see page 22]. Refer to 
NPO-17628 

Peripheral Equipment Interchanges Bytes of Data 
~~ A pair of circuit boards relieves a central processing unit of this task. 

Marshall Space Flight Center, Alabama 
A method for the conversion of data 

formats between incompatible computers 
reduces conversion time by 80 percent. 
The method transposes the high and low 
bytes of a word so that data from computer 
A match the storage format of computer B. 

In the application for which the method 
was developed, data are acquired from 
test firings of rocket engines; in a typical 
test, about 40 data files of 16,000 blocks 
apiece are processed. Previously, the cen
tral processing unit of computer A (a Digi
tal Equipment Corp. VAA 11 (750) was used 
to convert the data and took about 10 min 
to convert each file. Therefore, the total 
conversion time was 400 min. 

In the new method, a file can be con
verted in only 2 min. This is fast enough to 
enable the data to be recorded on mag
netic tape while they are being acquired. 
The 40 files can be converted in only 80 
min. Computer B (a Perkin-Elmer system) 
can then use the tape directly. 

In the new method, two interface circuit 
boards convert the data. Such boards are 
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ordinarily used for communication be
tween computers. In the format-conver
sian application, the cable connecting the 
boards is modified so that the high-8-bit 
and low-8-bit data lines are interchanged 
(see figure), with the result that the data 
words are in the proper format for comput
er B. 

The byte-swapped data flow from com
puter A over a local-area network (Ethernet) 
to a host computer (a MicroVAA II), which 

Data 
In -

Interface Circuit Boards 
(OR11W or Equivalent) 

Central Processing Unit 

sends the data to a 6,200-bit-per-in. 
(2.44-kilobit-per-cm) tape drive for record
ing. The recorded data can then be trans
ferred to computer B for further proc
essing. 

This work was done by Robert B. Aguilar 
of Rockwell International Corp. for Mar· 
shall Space Aight Center. No further 
documentation is available. 
MFS-29478 

Tape-Recorder· 
Controlling 
Computer 

(MlcroVAX II 
or Equivalent) 

To 

A Pair of Interface Boards reverses positions of high and low bytes of data. The boards are 
housed in computer A. Another computer feeds the converted data to a tape recorder. The 
tape can be transferred subsequently to computer B. 
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For more information about STN International, write 
or call: STN International, Marketing, Dept. 30689, 
P.O. Box 02228, Columbus, OH 43202. 
Phone 800-848-6538 

STN International is operated in North America by 
Chemical Abstracts Service, a division of the 
American Chemical Society; in Europe, by FlZ 
Karlsruhe; and in Japan, by JICST, the Japan 
Information Center of Science and Technology. 
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Concept for Generation of Long Pseudorandom Sequences 
A VLSI design would be based on exponentiation in a finite field . 

s t 

NASA 's Jet Propulsion Laboratory, Pasadena, California A A
p rr E. 

k = 0 ,=, I 

A conceptual very-large-scale inte
grated (VLSI) digital circuit 'NOUld perform 
exponentiation in a finite field. An algorithm 
that generates unusually long sequences 
of pseudorandom numbers would be ex
ecuted by a digital processor that includes 
such circuits. The new concepts are par
ticularly advantageous for such applica
tions as spread-spectrum communica
tions, cryptography, and the generation of 
ranging codes, synthetic noise, and test 
data, where it is usually desirable to make 
pseudorandom sequences as long as pos
sible. 

A previously-developed modular VLSI 
multiple-tap pseudorandom-sequence 
generator is composed of n stages of shift 
register and generates a periodic se
quence with period 2n - 1. The sequence 
produced by that circuit is believed to have 
a maximum length for linear algorithms of 
n stages. Uke the maximal-length shift reg
ister, the new system requires n shift regis
ters, but it also requires exponentiation in 

N 

{ 

... n3 n2 n, no 

Inputs 

o 

finite fields and yields a much longer 
period. Although the new sequences may 
not have flat spectra as do the sequences 
generated by the maximum-length shift 
register, the increase of the period is very 
desirable in some appiications. 

The first problem is to calculate the ex
ponential (J = aN, where a is in the finite 
field G F(2'") and 1"; N"; 2m - 1. The solu
tion is obtained by successive multiplica
tions according to a recursive algorithm 
executed by the combination of a cyclic
shift circuit, a parallel-type Massey.Qmura 
multiplier, and a control-logic circuit (see 
figure). 

It can be shown that if Ao is a primitive 
element in GF(2m), and if {Ek } is a se
quence of 2n -1 distinct numbers (where 
n"; m), which are less than 2n, then the se
quence of exponentials Ak = A~kin GF(2'") 
represents a sequence of pseudorandom 
numbers that repeats with a period of 
2n -1 . A random-number sequence can 
also be generated from 

wherep = (2n - 1)! mod (2m-1 ), k = 
s(2n- 1) + t , and n< m. If 2m- 1 is a 
Mersenne prime, then the period of {Ak} 
is increased to (2n -1 )r, where r is an in
teger that satisfies several other cri
teria. In general, th is period is much 
greater than that of a sequence gen
erated by a maximal-length shift regi
ster of an equivalent number of stages. 
For example, with m = 19 and n = 17, 
the period is 34,359,345,153, which is 
262,143 times the period 131 ,071 gener
ated by a 17-stage shift register. 

This work was done by C. C. Wang of 
Caltech for NASA's Jet Propulsion 
Laboratory. For further information, 
Circle 141 on the TSP Request Card. 

This invention is owned by NASA, and 
a patent application has been filed. In
quiries concerning nonexclusive or ex
clusive license for i ts commercial de
velopment should be addressed to the 
Patent Counsel, NASA Resident Office
JPL [see page 22]. Refer to NPO-17241. 

c4 
dO 

Output p = oN 

... bo b1 b2 b3 

Parallel Type GF(24) Massey·Omura Multiplier 
d1 

d21------' 

d3 1----.....J 

Bk: Buffer Register k 

Rk: Sh ift Register k 

Ld: Control Signal 

Ck: Clock Signal 
~ 
12 3 41 23 4 1 2 3 4 

This Circuit Computes Exponentials II = (IN in the finite field GF(z4), where N ranges from 1 to 15. The circuit operates in a "pipeline" 
manner: each computation requires four clock cycles, during which the bits of the previously computed fJ are shifted out and the bits of 
the following (I are fed in. 
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One thing NASA 
and modern nledicine 

have in common: 
Sel1losha video printers. 

0 1990, Seikosha America, Inc., 10 Industrial Ave., Mahwah, NJ 07430 

The high-resolution 
Seikosha VP-3500. 

It was Seikosha, a Seiko Group company, 
that invented the first video printer in 1979. 

And it was Seikosha that understood the 
importance of making a video printer with 
a line rate high enough for applications 
ranging from M RI to electron microscopy 
to industrial QC/QA. 

The hard copy images NASA produced 
on the VP-3500 from geostationary satellite 
transmissions were used by the last four 
Space Shuttle crews. 

Our 1280-line, 
multi-format video printer 

can make things 
perfectly clear. 

The bottom line for any application is 
picture quality. And the VP-3500's bottom 
line is very impressive. 

The Seikosha VP-3500 gives you 1280 x 
1240 resolution with full 64-tone gray-scale 
prints from any video source: NTSC, PAL, 
SECAM and RS-170. Plus you can choose 
multi-format prints. 

Let us introduce you to the video printer 
with the resolution good enough for 
modern medicine and NASA. 

For a demonstration, or additional 
information on the Seikosha VP-3500, call 
1 800-338-2609 or 1 201-327-7227. 

SEIKOSHA 
A SElKO GROUP COMPANY 

Serious printers for serious business. 
Circle Reader Action No. 462 



High-Resolution Imaging Spectrometer 
Earth resources will be observed in greater detail. 

NASA 's Jet Propulsion Laboratory, Pasadena, California 

The High-Resolution Imaging Spectrome
ter, undergoing development for use in 
NASA's Earth Observing System, will 
measure the reflectance of the Earth's sur
face in visible and near-infrared wave
lengths. From an orbit around the Earth, 
this instrument will scan the surface of the 
Earth in 200 wavelength bands simultane
ously. It will produce images that will en
able the identification of minerals in rocks 
and soils, important algal pigments in 
oceans and inland waters, changes in 
spectra associated with the biochemistry 
of plant canopies, compositions of atmos
pheric aerosols, the sizes of grains in snow, 
and the contamination of snow by impuri
ties that absorb visible light. 

From an orbital altitude of 700 km, the 
instrument will observe a swath 24 km 

SUPERIMPOSED IMAGES IN 
SPECTRAL BANDS 

2.5 

Wavelength, I'm 

SPECTRUM OF ONE PICTURE ELEMENT 

wide with a spatial resolution of 30 m. The 
instrument will cover the wavelength range 
of 0.4 to 2.5 iJrT1 in spectral bands 10 nm 
wide. In each picture element, the bright
ness in each wavelength band (see figure) 
will be quantized to 12 bits, with a dynamic 
range suitable for such bright targets as 
snow. 

Images Taken Simultaneously In Many Wavelength Bands will be inherently registered with 
each other. The radiances measured in the wavelength bands in each picture element yield a 
spectrum for that element that can be used to identify the materials at the surface of the 
Earth. 

The capabilities for aiming the instru
ment, coordinated with the parameters of 
the orbit, must satisfy requirements for fre
quency of repetition of measurements at 
a given location. In some cases, these re
quirements are affected by such factors 
as lighting, visibility (e.g., presence or ab
sence of clouds), and the presence or ab
sence of vegetation. The chosen across
track pointing capability of ±24 ° enables 3 
or 4 repetitions for a site at the Equator and 
4 to 5 repetitions fm a site at 40° north or 
south latitude during one 16-day orbital 
revisit period. An along-track pointing calf 
ability of +60°/-30° is provided for meas
urements of the bidirectional reflectance
distribution functions of surfaces, to 
remove the effects of atmospheric atten-

uation, and to implement image-motion 
compensation to increase the signal-to
noise ratios for dark targets. 

As now envisioned, the instrument will 
be a broadband, "pushbroom," double
pass Schmidt spectrometer containing sili
con and hybrid mercury-cadmium-telluride 
area-array detectors. Incident radiation 
passing through a slit at the front of the 
foreoptics will be collimated, separated in
to two bands, dispersed, and reimaged on
to separate detector arrays: silicon for visi
ble and near-infrared wavelengths to 1 iJrT1, 
and HgCdTe for longer infrared wave
lengths to 2.5 idfl. Signal-to-noise ratios are 
expected to range from 50 to 200 in most 
regions of the spectrum. The mass of the 
instrument is projected at an upper limit of 
987 kg; several modifications of the design 
may reduce the mass. 

The data-processing and -transmitting 
subsystem of the instrument will provide 

Balanced-Bridge Feedback Control of Motor 

flexibility in the number of bits and number 
of bands transmitted, within constraints im
posed by the available data rate. Possible 
modes in which data can be edited include 
transmission of some (instead of all) 
available spectral bands, encoding of 8 or 
10 bits per band (rather than 12), averaging 
of adjacent picture elements, and use of a 
narrower swath. The output data will be 
augmented with satellite ephemeris data 
and made available as geocode data that 
depict various radiometric properties (or 
properties inferred from radiometry) of the 
Earth. 

This work was done by Jeff Dozier of 
Caltech and Alexander F. H. Goetz of the 
University of Colorado for NASA's Jet 
Propulsion Laboratory. For further infor
mation, Orcle 83 on the TSP Request Card. 
NPO-17624 

~J Sensitivity to variations in electrical and mechanical characteristics would be reduced . 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A proposed control system for a motor

driven rotary actuator would include three 
nested feedback loops, which, when prOlf 
erly designed, would be decoupled from 
each other. The system is intended to in
crease the accuracy of control by mitigat
ing such degrading effects as vibrations 
and variations in the electrical and me
chanical characteristics of the structure to 
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be rotated. The system lends itself to the 
optimization of performance via the inde
pendent optimization of each of the three 
loops. 

The conceptual system includes outer, 
actuator, and driver feedback loops, con
figu red so that the actuator is a subsystem, 
and the driver is a subsystem of the ac
tuator (see figure). The torque T exerted by 

the motor on the structure is sensed and 
used as a component of actuator feed
back. The angular speed Bm of the motor 
shaft relative to the stator and the angular 
speed B of the structure in the inertial 
space are also sensed and used in the ac
tuator and outer feedback loops, respec
tively. 

Current and voltage feedback in the 
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Ninety-five Percent Of What We Do, You Do. Which means that 
it's you, our suppliers, who are largely responsible for the continuing quality and reliabil
ity of our Atlas family of launch vehicles. 
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MFG. INC. PACIFIC COAST PRODUCTS PACIFIC SCIENTIFIC PACIFIC TERMINATIONS, INC. PANDJIRIS INC. PARKER BERTEA AEROSPACE GROUP 
PEACOCK PERFORMANCE PLASTICS INC. PETERSON AMERICA COMPANY PLAINVILLE ELECTROPLATING CO. PNEUDRAULICS, INC. PPC 
PRDDUCTS CORP. PRECISE MACHINING & MFG., INC. PRECISION AEROSPACE CORP. PRECISION COIL SPRING CO. PRECISION DETAIL, INC. 
PRECISION MACHINING SHEETMETAL PRECISION TECHNOLOGY PRECISION TUBE BENDING PRECISION TUBEDRAW & MACHINE PROTOTYPE 
MODEL & MOLD CORP. PRDTRDNICS ENGR CORP. PTI TECHNOLOGIES, INC. PUCCIO METAL FAB. INC. PUROFLOW CORP. PYLE NATIONAL 
PYRONETICS DEVICES, INC. QMS MACHINING & TOOL CORP. QUALITY ALUMINUM FDRGE QUINCY TECHNOLOGY RAH INDUSTRlES REINHOLD 
INDUSTRIES RlCHLAR co.., INC. RICMAR ENGINEERING, INC. RlTCHIE BRDTHERS R&D ROCKET RESEARCH CO. ROCKWELL INTERNATIONAL 
ROGERS MACHINE ENG. SAAB SPACE AB SAFT SAN DIEGO STEEL SPECIALTIES SATURN MACHINE IND. SCHLOSSER FORGE CDMPANY 
SCHLUMBERGER INDUSTRIES SCI TECHNOLOGY INC. SERVOTRDNICS, INC. SHAM BAN W. S. CO. SHEET METAL SPECIALTIES SIEBELAIR 
SIERRACIN/ HARRISDN SINGER-GENERAL PRECISION SKYLINE ENGINEERlNG, INC. SMITH MFG. CO. SNAP-TITE, INC. SO CAL. METAL JOINING 
INC. SOLO ENTERPRISES CDRP. SONFARREL INC. SORRENTO ELECTRONICS, INC. SOUTHWEST FABRICATORS SOUTHWESTERN COMPDSITES 
INC. SPACE FLEX COMPANY SPECIAL TODLS & MACHINERY SPECIALTY ENGINEERING CO. SPECIALTY MANUFACTURING INC. SPIRA MFG. CORP. 
SPIROL INTERNATIONAL SPRAGUE ELECTRIC CO. SQUARE TOOL & MACHINE STAINLESS STEEL PRODUCTS STANDARD LOGIC, INC. STANDARD 
TDDL & DIE CO. STEMCO ENGINEERING STERER ENGINEERING & MGR. STILLMAN SEAL DIVISION STRATO-FLIGHT ENG. STRATOFLEX, INC. 
STRETCH FORMING CORP. STRUTHERS DUNN INC. SUNBANK ELECTRONICS, INC. SUNDSTRAND DATA CDNTROL TALLEY DEFENSE SYSTEMS 
TAVIS CORP. TAYCO ENGINEERING, INC. TECHNETICS MILITARY ELECTR. TELEDYNE TELEDYNE CRYSTALONICS TELEDYNE INC. TELEDYNE 
RYAN AERO TEXTRDN, H R INC. THERMECH ENGINEERING CORP. THIOKDL CDRP. TITEFLEX CORP. TMP TDOL & MACHINE, INC. TRACOR 
AVIATION TRANSCO PRODUCTS, INC. TRl MDDELS INC. TRONTECH, INC. TRU·CIRCLE MFG. INC. TRUE FORM INDUSTRlES, INC. TRW PRESSURE 
SYSTEMS, INC. TYEE AIRCRAFT, INC. UNIT ENGINEERING, CORP. UNITECH CDMPDSITES INC. UNITED TECHNOLOGIES VAC-HYD CORP. VACCO 
INDUSTRIES VALCDR ENGINEERING CORP. VALLEY BOX CO. VALLEY FORGE, INC. VALLEY METALS, INC. VAN KNO TOOL & MFG., INC. VEGA 
PRECISION LABORATDRIES VERSAFDRM CORP. VICKERS INC. VOl-SHAN CDRP. VOTAW PRECISION CDRP. WARREN MACHINE & ENGR. WATKINS 
JOHNSON CO. WATSONS PROFILING CDRP. WEBER METALS & SUPPLY CO. WELDMAC MFG. CO. WEST AMERICAN RUBBER co.. WEST COAST 
PACKING AND CRATING WESTERN FILTER CDRP. WESTERN METHODS WESTERN MICROWAVE WHITTAKER ORDNANCE WHITTAKER-YARDNEY 
POWER SYST. WIL-JD MANUFACTURING, INC. WORLD AERDSPACE CDRP. WYMAN-GORDDN CO. ZERO. WEST DIVISIDN ZIPCO HYDRAULICS, INC. 
(As of 1/ 1/ 90) 

To all of you who contribute so much, we offer our 
profound gratitude. 

GENERAL OYNAMICS 

Space Systems Division 
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I r __ - - - - - - - I - - - - - - .., I BE ROTATED 

I I DRIVER I MOTOR I I CONTROL Disturbances 

I I I I I 

Actuator Feedback Loop 

L _____________________ ~ ___ ~ 
Outer Feedback Loop 

Notes: 1. C1 and C2 represent compensators and 
their transfer functions. 

2. K represents the driver amplifier and 
its transconductance. 

8. ZL/k2 = the driving pOint function of the structure, 
expressed as a mechanical Impedance 
loading the motor. 

9. TC ::; cogglng and frictional torque. 
3. Za = the electrical resistance of 

the motor winding. 
10. Td = component of torque due to non Ideal 

dynamics of the motor. 
4. TO = kl, where I = the motor current and 11 . Z-Za = the output impedance of the driver amplifier. 

TO = the rotor/stator interaction torque. 12. P = the transfer function of the structure 
5. e = the back electromotive force of the motor. to be rotated. 
6. V = the voltage applied to the motor. 13. Other terms are defined in the text. 
7. c = a'constant transfer coefficient::; 0.01 . 

The Feedback Control System includes three nested loops that can be optimized independently of each other to reduce the susceptibility of 
the overall system to vibrations in the structure and variations of mechanical and electrical characteristics_ 

driver loop are chosen to be proportional 
correspondingly to the torque and B m feed
back in the actuator loop to obtain a 
"balanced-bridge " configuration This 
makes it possible to reduce the sensitivity 
of the overall closed-loop system to varia
tions in the characteristics of the structure 
by transferring the effects of uncertainty in 
the structure from the actuator loop to the 
driver loop. As a consequence, the gain of 
the actuator loop can be increased without 
adversely affecting its stability, thereby re
ducing significantly the effects of the dis
turbances that originate in the actuator. 

Also, the margins of stability of the actuator 
loop are relatively independent of the char
acteristics of the structure_ 

The balanced-bridge configuration also 
reduces the effects of friction in the motor 
on the stability of the outer feedback loop. 
Consequently, the feedback gain of this 
loop can also be increased to reduce the 
effects of disturbances that originate there. 
The flexibility in the choice of the output im
pedance of the driver can be explOited to 
improve the overall performance and to re
duce further the sensitivity of the outer loop 
to variations in the parameters of the struc-

ture. 
This work was done by Boris J. Lurie of 

Caltech for NASA's Jet Propulsion lab
oratory. For further information, Circle 103 
on the TSP Request Card. 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent 
Counsel, NASA's Resident Office-JPL [see 
page 22]. Refer to NPO-17430. 

Programmable Direct-Memory-Access Controller 
~J Features include autonomy and the ability to perform functions normally reserved for a CPU. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A proposed programmable direct-mem

ory-access controller (DMAC) would oper
ate with computer systems of the 32000 
series, which have 32-bit data buses and 
use addresses of 24 (or potentially 32) bits. 
The controller could function with or without 
the help of a central processing unit (CPU) 
and lNOuld start itself. It would include such 
advanced features as the ability to com
pare two blocks of memory for equality and 
to search a block of memory for a specific 
value. The controller would be made as a 

54 

single very-large-scale integrated-circuit 
chip. 

The figure shows basic structure of a 
computer system with a DMAC. The bus 
includes separate control (C), address (A), 
and data (D) lines. The CPU and DMAC act 
as coprocessors; both are capable of driv
ing all bus signals. One or the other (or 
neither) is the bus master at any time. The 
CPU is the overall system master. The 
DMAC requests the bus by asserting 
HOLD. The CPU releases the bus and as-

serts HOLDA (hold acknowledge) to the 
DMAC. The DMAC executes its task and 
relinquishes HOLD when finished; the CPU 
resume~ its processing. When the DMAC 
is the bus master, it must generate control 
signals like those generated by the CPU. 

The DMAC has four identical, independ
ent channels. A priority controller resolves 
conflicts arising from simultaneous re
quests for access to the bus. Channel pri
orities are programmed, not hard wired. 

Each channel has a pair of "handshake" 
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and easier than ever before! 

rASA Tech Briefs-a valued 
Ilformation source 
'ASA Tech Briefs represent the inven
ve genius of the NASA system. Since 
)63, the magazine has brought you the 
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Number of Width of 
Operation Addresses Data (in Bits) 

Transfer From Memory to Memory 2 
Transfer Between Memory and Memory-Mapped InpuUOutput 2 
Comparison of Blocks of Memory 2 
Transfer Between Memory and Nonaddressed InpuUOutput 1 
Copy Value to Memory 1 
Search Memory for Value 1 
Generate a Check Sum 1 

These Operations Would Be Performed on data by the programmable DMAC. 

NAME 

Control 
SYSBAR 
ISR 

NAME 

Command 
Count 
PTR1-MS 
PTR1-LS 
PTR2-MS 
PTR2-LS 
SAR-MS 
SAR-LS 
CSR 
BAR 
ACC 
ITC 
STOPC 

GLOBAL REGISTERS 

CONTENTS 

Data Size, Channel Priorities 
Bus Access Register for the Chip 
Interrupt Status Register 

CHANNEL REGISTERS 

CONTENTS 

Bit Fields Defining the Operation 
Repeat Count for the Operation 
High Half of Address Pointer 1 
Low Half of Accress Pointer 1 
High Half of Address Pointer 2 
Low Half of Address Pointer 2 
High Half of Sequence Address 
Low Half of Sequency Address 
Channel-Status Register 
Bit Fields Controlling Bus Access 
General Data Values 
Iteration Counter 
State/Opcode Values 

o t--

16 
16 
16 
16,32 
16 
16 
16 

CPU 
TCU HOLD, 

L.....,... ............ ~ HOLDA 

DMAC 2 t--------, 

C __ 

A-
D - -

Bus 

T 
I 

Random-Access 
Memory 

T 
I 

Addressed 
I/O 

3 I--

T 
Nonaddressed 

I/O I lORD, 
L...._--, __ .... 10WR 

I CREQ/CACK 
l CREQ/CACK 

Notes: 
1. "TCU" means "tlmlng-and-control unit." 
2. "lORD" means " reading Input/output device." 
3. "IOWR" means "write to Input/output device." 
4. Other definitions are given In the text. 

The Programmable DMAC would share control of the computer data bus with the CPU. The 
program for the DMAC would be contained in its global and channel registers. 
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lines, CREQ and CACK. If the channel 
drives an input/output (1/0) device, these 
lines are connected to it. The device as
serts CREQ when it needs service; the 
channel asserts CACK when the device is 
allovved access to the bus. In a memory
only DMA process, the handshake lines 
are not used; the channel decides when to 
request the bus, using the autorequest 
mechanism. 

The DMAC supports 32-bit data buses 
by providing the four bus-enabling signals 
BEQ through BE3. The DMAC data lines 
are connected to the low 16 bits (two 
lovvest bytes) of the data bus. In a 32-bit 
system, external logic must be used to 
multiplex the high and lovv halves of a data 
word onto the data lines of the DMAC for 
transfer of 32-bit data in two 16-bit pieces. 

Addresses are incremented or decre
mented between successive operations by 
a programmed value in the range -7 to 
+ 7 (including zero for constant address 
values). Addresses can thus be manipUlat
ed in a general manner. The available 
classes of operations on data are shown in 
the table. 

The DMAC consists of a global area and 
four individual channel areas. Each area 
has a set of registers, as shown in the detail 
in the upper part of the figure. All registers 
are 16 bits wide; 32-bit address values are 
implemented as register pairs. 

The DMAC has two modes of operation: 
passive and active. In the passive mode, it 
acts as a memory-mapped 1/0 device, with 
an address for each register. For the sake 
of testability, all registers are both readable 
and writable. In the active mode, the 
DMAC acts as bus master for tasks that 
have been programmed into it. 

Although the DMAC can be programmed 
in the passive mode by writing appropriate 
values to the registers, it is preferable to 
program it in the active mode by means of 
command records placed in memory by 
the CPU. Certain registers are then written 
in the passive mode to initialize and start it. 

This work was done by David F. Hendry 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Circle 
88 on the TSP Request Card. 

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

Edward Ansell 
Director of Patents and Ucensing 
Mail Stop 301-6 
California Institute of Technology 
1201 East California Boulevard 
Pasadena, CA 91125 

Refer to NPO-17341, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 

NASA Tech Briefs, March 1990 



Molecu Wire: Your innovative source 
for specialty wire and ribbon 

W.EN YOUR APPUCA
tion calls for "impossible" 
wire or ribbon, turn to 
Molecu Wire to insure your 
project's success. 

No matter how tough 
your process or product 
parameters-and no matter 
whether your field is aero
space or data processing ... 
medical devices or robotics 
... consumer electronics, 

telecommunications, 
appliances or virtually 
anything else-Molecu's 
accomplished team of 
experts can help make your 
application a reality. 

To guarantee the 
flawless wire or ribbon you 
need, Molecu's full-service 
capabilities include 
metallurgical and application 
R&D, product engineering, 
proto typing, complete in
house tool and diemal<ing, 
full-scale production with 
rigorous quality controls 
including SPC, and some of 
the most sophisticated 
testing available anywhere. 

Established in 1958, 
Molecu is a recognized 
leader in custom precision 
wire and ribbon design, 
engineering and 
manufacturing. We work 
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with the world's foremost 
companies-from global 
giants to small, emerging 
firms-to pioneer 
tomorrow's products and 
technologies . . . today. 

To learn more abollt 
how you can put Molecu's 
one-of-a-l<ind wire and 
ribbon technology to work 
for you, call us today at 
(201 ) 938-9473. Or write 
Molecu Wire, P.O. Box 
495, Farmingdale, New 
Jersey 07727. 
Fax: (201) 938-3189 . 
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Doppler-Shifted Raman Spectroscopy Measures Flows 
~J Nonintrusive, accurate wind-tunnel measurements are obtained without seeding the flows. 

Lang/ey Research Center, Hampton, Virginia 
A technique for measuring the velocity, 

static pressure, and translational tempera
ture of flowing molecules by use of stimu
lated Raman spectroscopy has been dem
onstrated in a supersonic wind tunnel at 
NASA. langley Research Center. These crit
ical aerodynamic quantities were measured 
simultaneously by this non intrusive tech
nique, without the need to seed the flow. 

A specially designed retrometer was em
ployed to reduce the sensitivity of the sys
tem to vibrations. This feature also enabled 
simultaneous measurements of both the 
forward- and backward-scattered Raman 
lines. Analysis of the profiles and relative 
shifts of these lines renders a single data 
point for velocity, pressure, and tempera
ture. In the initial demonstration of the 
technique in the free-stream flow and be
hind the shock layer of a simple model, 
mach-number data showed good agree
ment with the values set aerodynamically. 

The extension of the technique to the 
hypersonic flow regime was also investi
gated, and simulated spectra for the free
stream flow in several operating hyperson
ic facilities were generated. These spectra 
show the viability of the technique and its 
limitations at very low densities. In particular, 
it was found that the peaking of the shape of 
the forward-scattered spectral line with 
decreasing pressure just compensates for 
the decrease in density, so that the peak in
verse Raman spectroscopy signal in for
ward scattering remains constant. 

The spectral width of the laser beam, 
however, represents a limiting factor for 
resolution of the peak in the shape of the 
forward-scattering line and sets a lower 
limit on the determination of pressure from 
the width of the forward-scattering line. 
Thus, as the density is reduced, the pres
sure ceases to be measurable, although 
the forward/backward scheme retains the 
capability for measuring velocity and tem
perature. 

The simulated spectra were calculated 
for the ideal conditions of (1) maximum 
theoretical gain or loss, (2) the shot-noise 
limit, and (3) a single pulse. To date, only 10 
percent of the theoretical gain has been 
obtained, and limitations are imposed by 
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laser noise. However, with improvements 
in experimental technique, the shot-noise 
limit should be achieved, and about 50 per
cent of the theoretical gain should be at
tained. The signal-te-noise ratio can there
fore be improved in the shot-noise limit by 
increasing the probe power. In addition, 
signal averaging can also be employed to 
increase the signal-to-noise ratio, depend
ing on response-time limitations. 

This work proves the viability of and es
tablishes the accuracy of nonintrusive 

Neodymium: 
Yttrium Aluminum 

Gamet Laser 

Single-Mode 
Argon Laser 

Optical Table 

measurements of velocity, temperature, 
and pressure in a wind tunnel. This capabil
ity is very valuable in aerodynamic testing 
and should prove useful in a wide variety of 
laboratory, industrial, and engineering ap
plications. 

This VvOri< was done by Reginald J. Exton, 
Mervin E. Hillard, Jr. , Walter R. Lempert, 
Peter F. Covell, and David S. Miller of Lang
ley Research Center. For further informa
tion, Orele 55 on the TSP Request Card. 
LAR-14133 

Lens 1 
(Focal Length 

1.2 m) 

Peilin Broca 
Prisms 

The Optical Equipment for Vibration-Free Raman Doppler Veloclmetry in a wind tunnel in
cludes a specially designed retrometer that reduces the sensitivity of the system to vibra
tions. 
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SPECIFY INCO SPECIALTY POWDERS 
FOR WIDE RANGE OF 

ELECTRONIC APPLICATIONS 

Inco Type T 287 Filamentary Powder, particle size (FSSS) 
2.6-3.3 microns, apparent density 0.75-0.95 glcc, relative 
surface resistivity 0.30 ohms per square (0). 

Novamet HCA-1 Flake, screen mesh 98% minus 400, 
apparent density 0.90 glcc, thickness 1.0-1.1 microns, 
surface resistivity 0.25 OlD. 

Inco Specialty Powder Products now has a wide 
range of nickel and coated powders with exceptional 
conductive and magnetic properties. These properties 
make them ideal for a spectrum of electronic applica
tions such as conducting film technology, coatings, 
adhesives, gaskets and EMI shielding. 

EXTENSIVE PRODUCT RANGE 
The development of computer processed control 

coupled with the continuous powder production 
improvements enables us to meet your most stringent 
powder specifications for electronic applications. 

In addition to the products pictured above, INCO SPP 
has available the following high performance powder 
products. Novamet Conductive Nickel Spheres, particle 
size (FSSS) 8-9 microns, apparent density 3.2-3.5 glcc, 
surface resistivity 1.0 ohms per square. Novamet 525 
Conductive Nickel Pigment, screen mesh 100% minus 
400, particle size 3.2 microns, 0.65 BET surface area 
m2/g, surface resistivity 0.35 ohms per ~quare . Silver 
Coated Nickel Flake, 15% Ag, 2.6 glcc apparent den
sity, particle size (FSSS) 15 microns, screen mesh 99% 
minus 200, surface resistivity 0.04 ohms per square. 

Magnetic ferrites and surge arrestor applications also 

Novamet Silver Coated Nickel Spheres, 15% Ag, 
2.5 glcc apparent density, particle size 10 microns, 
screen mesh 99%-250, surface resistivity 0.03 OlD. 

Novamet Nickel Coated Graphite, 60% fully encapsulated Ni, 
apparent density 1.6 glcc, particle size (FSSS) 100 microns, 
screen mesh 63% - 150/ + 250, surface resistivity 0.3 Ol D. 

use our specialized range of nickel oxides. High Purity 
Black Nickel Oxide, 77.2% Ni, BET 75 (m2/g) particle 
size (FSSS) 5.2 microns, minus 325 mesh 99% plus. 
Green Nickel Oxide, 78.5% Ni, BET 3 (m2/g) particle 
size 1.6 microns, - 325 mesh 100%. 

Inco Specialty Powder Products is your unique 
source for custom fitting high performance powders into 
electronic applications. Our customer focused, world
wide marketing service group is ready to help you with 
your current and future needs. 

For more information write INCO Specialty Powder 
Products, Dept. 1-90, Park 80 West-Plaza Two, Saddle 
Brook, NJ 07662 

INca spp 
Park 80 West·Plaza Two, Saddle Brook, NJ 07662 
Shin-Muromachi Building, 4-3 Nihonbashi-Muromachi 2-Chome, 

Chuo-ku, Tokyo 103 Japan 
1-3 Grosvenor Place, London SW1X7EA England 
15/FI Wilson House, 19-27 Wyndham Street Central, Hong Kong 
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Technology so 
advanced it will 
changethe 
evolution of flight. 

Superior Flight Speeds. For the high speed 

demanded of the next generation of aircraft, 

we now offer proprietary thermoplastic/ 

carbon fiber prepreg systems that can with

stand operating temperatures of over 300°F. 

These thermoplastic composite systems offer 

design advantages essential for aircraft that 

can fly higher, faster and with more fuel effi

ciency than ever before. 

Revolutionary Toughness. These new ther

moplastic prepregs, based on polyarylsulfone, 

polyamide-imide or polysulfone systems, are 

among the most damage-tolerant composites 

available. They provide exceptional impact 

resistance, stiffness and strength as well as 

high temperature resistance. 

Processing Breakthroughs. Not only do 

these materials offer rapid processability, they 

offer the evolutionary advantages of 

reformability, usable scrap, fusible parts and 

patchable damage repair. Spot heat of 600°F 

can be used to make them flow or reflow as 

necessary. They will consolidate over a form. 

They are available in woven fabrics up to 60" 

or more, and as biaxial tapes up to I 0' in width. 

Shelf life of these new materials is indefinite. 

Historic Leadership. From the pioneering 

years to today's cutting edge, Amoco's R&D 

has been on the forefront of thermoplastic 

composite technology. We offer one of the 

broadest product lines available with operat

ing temperature ranges from 200°F to 350°F 

and beyond. 

Call us. Ask us questions. The earlier you 

involve us, the more we can help. You can 

reach Amoco Performance Products Cus

tomer Service at 1-800-222-2448. 

We can help you take flight into the future. 

THE ALL AMERICAN SOLUTION 

I, 
AT~ 
AMOCO -. .• 

Amoco Performance Products 
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Lignin Sensor Based on Flash·Pyrolysis Mass Spectrometry 
!~NeW instrument speedily evaluates lignin content of wood products. 

NASA 's Jet Propulsion Laboratory, Pasadena, California 
The new lignin sensor takes only a ffNV 

minutes to measure the lignin content of a 
specimen of wood, pulp, paper, or similar 
material. In contrast, the standard chemi· 
cal method takes more than 30 minutes. 
The new sensor can be helpful in control· 
ling digestors in paper mills to maintain the 
required lignin content, and also in bleach
ing plants, where good control of bleaching 
becomes possible if a quick determination 
of lignin content can be made. 

The apparatus (see Figure 1) is based on 
rapid pyrolysis of a sample in a reducing at
mosphere of hydrogen, followed by a de
termination of the mass spectra of the 
products evolved. An inert atmosphere of 
helium can also be used. The pyrolysis is 
followed by continuous dilution by hydro
gen. This process produces a reproducible 
profile in time for all gaseous products. The 
ion currents are measured over an interval 
of time and integrated to define appro-

Ribbon 
Healer 

Specimen 

Platinum Cup 

Note: Parts are not 
drawn to scale. 

Pyrollzer 

priate ratios of selected mass peaks or 
groups of peaks. 

The specimen is placed in a platinum 
cup in the pyrolizer. A flow of nonoxidizing 
carrier gas (preferably hydrogen, though 
helium can be used) at a pressure of 2 psi 
(14 kPa) is set up in the pyrolysis chamber. 
When the air has been swept out, the cup 
is heated to a temperature of preferably 
550 "C for 1.5 s by passing electric current 
through a stainless-steel ribbon on which 
the cup is mounted. The products pass 
through a capillary tube and enter the ion 
trap detector (mass spectrometer) for 
quantitative analysis. 

An instantaneous sample spectrum of 
pine wood pulp of Kappa number 84.9 is 
shown in Figure 2 (a), where the mass 
spectral lines from the decomposition of 
cellulose occur at 127 and 145 daltons. 
Other peaks at 137, 157, 165, ect., are due to 
products from lignin. The integrated ion 

y 
lon·Trap Detector 

___ Monitor 

lon·Trap 
Electrodes 

Figure 1. The lignin Sensor includes a flash pyrolizer and an lon·trap detector that acts as a 
mass spectrometer. The apparatus measures the amount of molecular fragments of lignin in 
the pyrolysis products of samples. 
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Figure 2. The Sample Spectrum and a Plot 
show the results obtained from the lignin 
sensor. Pine wood pulp of Kappa number 
84.9 shows a spectrum in (a) with com
ponents characteristic of lignin at 137, 151, 
163, and 179 at pyrolysis temperature of 
562°C. A plot of a ratio as a function of 
Kappa number shows a linear relationship 
in (b) for several air dried pulps. 

currents from peaks from 135 to 139 and 
all peaks from 148 to 188 are divided by the 
total ion current from all peaks from 120 to 
250 to obtain a ratio called Q. This quantity 
is proportional to the lignin content of the 
test sample. 

In Rgure 2 (b) a plot of Q versus Kappa 
number is shown. Data were obtained 
from samples of pulp from a mill for which 
Kappa numbers were measured by the 
standard chemical method. It is seen that Q 
is linearly related to the Kappa number or 
lignin content. Laboratory tests using sam
ples of wood as well as many types of pulp 
showed that Q is linear over the whole 
range of K1ason lignin from 0 to 0.3. 

Dry samples of pulp have silvers of 
darkwood that, if included in the sample, 
produce higher variability than that seen in 
the chemical method, which uses much 
bigger samples. However, wet samples 
can be chosen sliver-free, and these yield 
Q ratios with variability comparable to that 
achieved in the standard chemical meth
od. 

This work was done by Eug Y. Kwack, 
Daniel D. Lawson, and Parthasarathy 
Shakkottai of Galtech for NASA's Jet Pr0-
pulsion Laboratory. For further informa
tion, Circle 124 on the TSP Request Card. 
NPO-17592 
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Diagnosis of a Pressure-Modulator-Radiometer Cell 
A lead-salt tunable diode laser provides the required monochromatic radiation. 

NASA 's Jet Propulsion Laboratory, Pasadena, California 
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Figure 1. The Lead·Salt Tunable Diode Laser provides the monochromatic radiation needed to measure the spectral transmission function of 
the pressure·modulator·radiometer ceil. 

The spectral response of a pressure
modulator-radiometer cell has been meas· 
ured with the help of a lead·salt tunable 
diode laser. Heretofore, the spectral re
sponses of pressure·modulator-radiome
ters have been inferred from theoretical 
calculations and white-cell transmission 
measurements. However, direct measure
ment of the spectral response of such an 
instrument would enable the formulation of 
more·precise atmospheric-transmission 
functions. thereby enabling the extraction 
of better information from the readings 
taken with the instrument. 

A lead-salt tunable diode laser was 
chosen because of the narrow bandwidths 
[2x10- 4 {cm)-1] and relatively high 
powers (up to 1 mW continuous) of such 
lasers and because they are available for 
wavelengths from 3 to 30 14T1. The pres
sure-modulator· radiometer cell used in the 
experiment had a path length of 0.15 cm 
and a compression ratio of about 2. The 
cell contained Np. which was chosen be
cause its spectrum has already been well 
characterized. 

The apparatus is shown schematically 
in Figure 1. The diode laser was tuned to 
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the P(15) spectral line of the v1 band of Np 
at 1.271 .9668 (cm) -1. After passing 
through a monochromator for selection of 
the mode. the laser beam was mechani
cally chopped at 385 Hz. directed along 
the axis of the modulator cell. and then 
focused onto a cooled HgCdTe detector. A 
lock·in amplifier locked to the chopper re
corded the mean transmission of the cell , 
while a second lock·in amplifier locked to 
the modulator (frequency about 30 Hz) si
multaneously recorded the modulated 
transmission function of the cell. A com
plete scan over the effective shape of the 
spectral line took approximately 5 min. and 
data were transferred to a computer sys
tem for processing and plotting. Measure
ments were taken at mean cell pressures 
of about 10, 20, and 30 torr (1.3. 2.6. and 3.9 
kPa. respectively). At each mean pressure, 
line transmission profiles were recorded at 
two different pressure-modulator ampli
tudes. 

Figure 2 shows records of the time-aver
aged and the modulated cell transmission 
spectra at a mean pressure of 30.5 torr 
(4 .07 kPa). Under these conditions. the 
coll ision·broadened half width of the line 

1.0 

0.75 
c: 
0 
u; ., 
E 0.50 ., 
c: 

~ 
0.25 

0.0 

0.4 

c: 0.3 
0 

OJ ., 
E ., 0.2 c: 
<II 
t= 

0.1 

(a) 

(b) 

UMEAN CELL 
TRANSMISSION 

Frequency 

MODULATED 
CELL TRANSMISSION 

0.0 1==::::::::::_::-___ ..:::::==' 
Frequency 

Figure 2. These Cell Transmission Spectra 
were obtained in the apparatus of Figure 1. 
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(110 MHz) is about three times the diode
laser spectral half width (38 MHz), which is 
comparable to the Doppler spectral half 
width (35 MHz). Traditionally, the mean 
transmission spectrum of a pressure-mod
ulator radiometer is represented by the 
transmission due to an effective mean 

pressure, and the modulated transmission 
spectrum is represented by the difference 
in transmission between two effective 
pressure extremes. These models fit the 
recorded spectra within 2 percent at all 
points. 

This work was done by Randy D. May, 

Daniel J. McCleese, David M. Rider. John T. 
Schofield, and C1!ristopher Webster of Cal
tech for NASA's Jet Propulsion Labora· 
tory. For further information, CIrcle 99 on 
the TSP Request Card. 
NPO-17528 

Calculating Irradiance for Photosynthesis in the Ocean 
A mathematical model predicts the available and usable irradiances. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A mathematical model yields estimates 

of the irradiance available for photosyn
thesis (Epar) and the irradiance usable for 
photosynthesis (Epur) as functions of depth 
in the ocean. These irradiances are useful 
in studies of the photosynthetic productivi
ty of phytoplankton in the euphotic layer. 
The model describes EplJrand Epar in terms 
of spectral parameters that can be meas
ured remotely (from satellites or airplanes). 

The ocean is irradiated with a solar spec
trum modified by atmospheric conditions 
and the position of the Sun in the sky, all of 
which can be accounted for by detailed 
calculations or treated by simplifying as
sumptions. Assuming that the water is well 
mixed in the surface layer, the concentra
tion of light-absorbing and light-scattering 
pigments and detritus is treated as con
stant with depth (see figure) and equal to 
the value derived from remote measure
ments of the optical properties of the 
ocean. The coefficient of spectral diffuse 
attenuation, K(A.) (where A. ::.~ wavelength), 
is calculated from previously-developed 
empirical models of the light-absorbing and 
light-scattering properties of the pigments 
and detritus. Then using the spectral irra
diance Ed(A., 0 +) just above the surface of 
the water, one can calculate the total spec
tral irradiance Erf...A., Z) as a function of 
depth Zfrom 

Erf...A., Z) = Ed,A. , O-)e - K(A)Z 

where Erf...A. , 0 - )IEJA., 0 +) is the ratio of 
light transmitted across the sea surface. 

Next, Epar is defined as the integral of 
the spectral irradiance over the visible 
spectrum: 700 nm 

Epa,{Z) = I Erf...A., Z)dA. 
400nm 

This leads to the definition of a coeffi· 
cient of diffuse attenuation for Epar, namely 

d 
Kpa,{Z) = [1IEpa,{Z)]izEpa,{Z) 

The spectral radiant flux absorbed photo
synthetically is calculated as the prodUct of 
a O(A.), the spectral specific absorption of 
chlorophyll, and the spectral irradiance. 
Epur is defined as the integral of this spec
tral flux over the visible spectrum, divided 
by aO(A.) at a specific wavelength: 

700nm 

Epu,{Z) =I [a O(A.)/aO(435 nm)]Erf...A., Z)dA. 
400nm 

64 

From the preceding equations, one can 
also calculate other quantities useful in 
studies of the light field and photosynthe
sis. These include Kpa,{Z), and Kpu,{Z), the 
coefficients of diffuse attenuation for 
Epa,{Z) and Epu,{Z), respectively; * a O(Z), the 
coefficient of specific diffuse absorption of 
chlorophyll as a function of depth, obtained 
by integrating the spectrallyweighted spe
cific spectral absorption of chlorophyll over 
all visible wavelengths; and the radiant-

441 

200 

energy flux absorbed by phytoplankton as 
a function of depth. 

This work was done by Donald J. Collins 
and Curtiss O. Davis of Caltech, C. 
Rockwell Booth of Biospherical Instru
ments, Inc., and Dale A. Kiefer and Casson 
Stallings of USC for NASA's Jet Propul· 
slon laboratory. For further information, 
CIrcle 2 on the TSP Request Card. 
NPO-17645 

K(m - 1) 
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Plgmant Concentration (mg/m3) 

The Concentration of Pigment is assumed to be constant with depth for purposes of the 
model. As these measurements from the tropical Pacific Ocean show, the concentration var
ies somewhat, but the assumption can be invoked because most of the light is absorbed at 
depths above where the concentration begins to depart sharply from the nearly constant 
value of about 0.03 mglm3. 
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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. 

Terrestrial-Imaging 
Spectroscopy 
Progress to date is reviewed. 

A report reviews the history and the 
state of the art of terrestrial imaging spec
troscopy. This field encompasses the use 
of airborne and spaceborne imaging spec
trometers to generate specialized maps 
for use in agriculture, geology, ecology, 
and related disciplines. The report dis
cusses the history, design, and perform
ance of the Airborne Imaging Spectrome
ter (AIS), which is the pioneering sensor for 
terrestrial high-resolution remote sensing. 
It concludes with a discussion of plans for 
the future of imaging spectroscopy of the 
Earth. 

The main text begins by discussing the 
motivation for imaging spectroscopy. The 
spectrum of interest includes the visible 
and the near infrared. In laboratory and 
field spectrometers and spectroradiome
ters, the spectral intensities of one hundred 
or more wavelength bands each of which 
is 10 nm wide in each picture element yield 
sufficient information for the reconstruc
tion of the reflectance spectrum, which is 
useful in the identification of minerals. 
Research on the use of spectral reflec
tance to identify types, constituents, and 
conditions of plants is also underway. 

The next topic is the AIS, which was de
signed primarily as a test bed on which fu
ture spaceborne imaging spectrometers 
will be based. The development of the AIS 
took advantage of a new generation of ar
rays of HgCdT e infrared detectors on small 
chips, each of which contains more than 
1,000 detector elements. In the AIS, each 
picture element is sensed simultaneously 
in as many spectral bands as there are de
tector elements in each line of a two-di
mensional array. The array is swept across 
the scene to produce the multiple (as many 
as 200) spectral images simultaneously. 
The flight history, performance, and engi
neering problems revealed by the flight 
tests of the AIS are described. 

The extraction of information from the 
spectral-image data is a major challenge. 
Visual inspection is useful in exploratory 
analysis. VISUal inspection can be enhanced 
by advanced display techniques like time-se
quenced projection of images in the spectral 
direction and cursor-deslgnated spectral 
plots of single picture elements. The next 
problem is the multispectral classification 
of scenes by use of feature-extraction 
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operators, which could involve linear or 
nonlinear transformations that reduce the 
dimensionalities of spectral images while 
preserving sufficient information for the 
identification of spectral signatures. 

The report discusses recent develOJ> 
ments described in the literature of imag
ing spectroscopy from three points of view: 
techniques for the handling and analysis of 
spectral-image data, geological research, 
and botanical research. The report con
cludes by restating the broad themes in the 
development of imaging spectroscopy, 
describing recent experience with the Air-

borne Visiblellnfrared Imaging Spectrom
eter (a successor to the AIS), and describ
ing the new Portable Instant Display and 
Analysis Spectrometer, which is a light
weight, rugged instrument designed to be 
carried in the field. 

This work was done by Gregg A. Vane of 
Caltech and Alexander F. H. Goetz of the 
University of Colorado for NASA's Jet 
Propulsion Laboratory. To obtain a copy 
of the report, "Terrestrial Imaging Spec
troscopy," Orcle 28 on the TSP Request 
Card. 
NPO-17432 
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Hardware, Techniques, and 
Processes 

Books and Reports 66 Ughtwelght, Thermally 
Conductive Composite 
Material 

67 Trlbologlcal Properties of 
Ceramics 

66 YBa.Cu,O. 
Superconductors Doped 
With AgO 

Lightweight, Thermally Conductive Composite Material 
~~Aluminum reinforced with carbon fibers is superior to copper in some respects. 

Lewis Research Center, Cleveland, Ohio 
A lightweight composite material has 

high thermal conductMty. The material con-
sists of an aluminum matrix containing 
graphite fibers, all oriented in the same di
rection. It is available as sheets, tubes, and 
bars. Its thermal conductivity is highest 
along the fibers. The conductMty across 
the fibers is about two-thirds that of the alu
minum matrix. 

At temperatures from -20 to + 140 °c, 
the thermal conductivity of the material 
along the fibers is greater than that of cop
per (see figure). Per unit weight, the ma
terial is approximately 4 times as conduc
tive as pure copper, twice as conductive as 
pure aluminum, and 2.6 times as conduc
tive as 6061 structural aluminum alloy. 

The graphitelaluminum composite will 
most likely be useful in a variety of heat
transfer applications in which the reduc
tion of weight is critical. For example, it can 
be used to conduct heat in high-density, 
high-speed integrated-circuit packages for 
computers and in base plates for elec
tronic equipment. It can also be used to 
carry heat away from the leading edges of 
wings in high-speed airplanes. 
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The Thermal Conductivity of the Composite along the fibers rises above that of pure copper 
over a substantial range of temperatures. 

This work was done by G. Richard Sharp 
of Lewis Research Center and Timothy A. 
Loftin of DWA Composite Specialties, Inc. 

For further information, Orcle 98 on the 
TSP Request Card. 
LEW-14814 

YBa2Cu30 x Superconductors Doped With AgO 
~JMagnetic properties are unlike those of any other superconductor. 

Marshall Space Flight Center, Alabama 
Improved superconductive materials 

have been made by doping the compressed 
powder destined to become YBafAJ30x 
superconductors with AgO prior to heat 
treatment. While the new materials have 
critical temperatures near those of other 
YBa2Cupx superconductors, they have 
magnetic properties unlike those of any 
previous high-temperature superconduc
tors. 

It had been hypothesized that during the 
heat treatment of the powder in oxygen to 
form the superconductor, the N;JO would 
decompose. The oxygen thus freed would 
assist in preventing the grains of YBa;P;Px 
from becoming deficient in oxygen. The sil-
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ver thus freed might coat the many inter
grain surfaces and fill the intergrain voids, 
both of which make poor superconducting 
contacts that limit critical currents and de
grade performance. As a result, the inter
grain resistances in the normally conduct
ing state should be less, and the critical 
current densities should be increased. 

The properties of the new materials 
obseNed thus far support the hypothesis. 
A specimen was found to be suspendable 
below as well as above magnets, and the 
suspension proved to be stable as long as 
the material remains superconductive. 
These magnetic properties suggest the ex
istence of very high currents that shield 

against magnetic fields as high as 20 T. Cir
cuits of great length still show limited 
critical currents, but this is believed to be 
because of short portions that have low 
critical currents. If these "weak links" 
could be eliminated, long circuits that have 
high critical currents should be possible. 

This work was done by Palmer N. Peters 
and Maw-Kuen Wu of Marshall Space 
Right Center. For further information, Or
ele 131 on the TSP Request Card. 

Inquiries concerning rights for the com
mercial use of this invention should be ad
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 22}.Refer to 
MFS-26078 
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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. 

Tribological Properties of 
Ceramics 

Properties of materials for 
advanced engines and 
machine tools are examined. 

A report reviews the adhesion, friction, 
and micromechanical properties of ce
ramics - properties that are becoming in
creasingly important as more ceramic ma
terials are used in bearings, seals, and 
gears in advanced engines and in cutting 
tools and extrusion dies. The report consid
ers the effects of contaminating surface 
films, temperature, and chemical interac
tions. 

The report examines ceramics, in both 
monolithic and coating form, in contact 
with themselves, with other harder materi
als, and with metals. It first discusses the 
pulloff force (adhesion) and the shear force 
between surfaces in contact. It then pro
ceeds to abrasion of ceramics. 

Surface films are found to affect the 
tribological behavior of ceramics. For ex
ample, carbon adsorbed on a silicon car
bide surface decreases interfacial bond 
strength and friction. Heating silicon car
bide to high temperature can cause a thin 
layer of graphite to form on the surface, 
with a consequent reduction of adhesion 
and friction. In contrast, oxygen on metals 
in sliding contact with oxide ceramics in
creases both adhesion and friction. 

In metal-to-ceramic contacts, the sur
face chemistry becomes extremely impor
tant. In transition metals, the higher the 
fraction of d-valence bonds, the lower the 
coefficient of friction. 

Ceramics, like metals, deform elastical
ly and plastically at surface points of con
tact under load. Unlike metals, ceramics 
can fracture when the contact stresses ex
ceed critical values. 

This work was done by Kazuhisha 
Miyoshi of lewis Research Center. Fur
ther information may be found in NASA 
TM-100782 [N88-17801], "Adhesion, Fric
tion, and Micromechanical Properties of 
Ceramics." 

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 (800) 336-4700. 
LEW-14833 
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Bells and 
whistles ... 
... for a song. 

TAE Plus-
NASA's Interface 
Design Tool 

• BasedonX-Windows 
• Portable 
• WYSIWYG Layout 
• Excellent Documentation 
• Written in C and C++ 
• Perpetual License 

COSMIC 
NASA SOFTWARE 

382 East Broad Street 
Athens, Georgia 30602 

(404) 542-3265 

: . ;; .: . . . . 

STATISTICAL 
EXPERIMENT 

DESIGN 
made easy for you 

Stat-Ease offers you two powerful, 
menu-driven programs for your PC to 
optimize your process or product. 

DESIGN-EASE'" software for two
level factorial, fractional factorial & 
Plackett-Burman designs ...... ($300) 

NEW . .. COMPLETELY REVISED! 
DESIGN-EXPERT'" \ersion 2 soft
ware for response surface (central 
composite & Box-Behnken) and mix
ture (simplex and extreme vertices) 
designs, including d-optimal and dis
tance based point selection ..... ($695) 

These programs help you choose, set 
up and analyze experiment designs. 
They run on IBM PC's & compatibles. 
To purchase or receive more informa
tion call (612) 822-5574 or write and 
ask for details on our FREE 30 day trial. 
~ 
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Computer Programs 
68 Analyzing Optic" Communlc8tlon Unks 
68 Predicting Noise From Wind Turbines 
69 Algebr.lc Gen.mlon of Two-DImensional Grids 

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

ment and infonnation Center, distributes software 
developed with NASA funding to industry, other 
govemment agencies and academia 

COSMIC's inventory is updated regularly; new 
programs are reported in Tech Briefs. For addition· 
al In!onnalion on any of the programs described 
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. 

" BllCb'lllllc I_IDS 

Analyzing Optical 
Communication Links 

Link margins and design
control tables are generated 
from input parameters 
supplied by the user. 

The Optical Communication Unk Analy
sis Program, OPTI, analyzes optical and 
near-infrared communication links that use 
pulse-position modulation (PPM) and direct 
detection. The program prompts for inputs 
of parameters of components of a system, 
modulation format and other parameters 
of operation, sources of background noise, 
and the desired bit~rror rate of the link. 
From these inputs, the link margin Is deter
mined, and a link design-control table 
(OCT) is generated. The program also ena
bles the user to save sets of input parame
ters that define a given link and read them 
back into the program later. Further, the 
program can alter automatically any of the 
input parameters to achieve a desired link 
margin. 

In computing the link margin, the pro
gram calculates the received optical signal 
power, background power, and required 
signal for the desired level of performance 
(error rate). Background sources are taken 
from a list of extended sources (e.g., 
planets, the Moon, and the Sun) and point 
sources (stars) contained within the pro
gram and from additional sources speci
fied by the user. In thA case of additional 

review of programs in your area of interest. You 
can also purchase the annual COSMIC Software 
Catalog, containing deSCriptions and ordering In· 
!onnallon for avallable software. 

COSMIC Is part of NASA's Technology Utlliza. 
tion Networll 

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

sources, the user must specify the irradi
ance (for point sources) or radiance and 
distance from the source to the receiver 
(for extended sources). Objects within the 
program are treated as blackbodies at an 
appropriate temperature with an overall 
magnitude scaled to match tabulated data. 

The OPTI program is written in FOR
TRAN 77 and was designed to be used on 
the IBM PC and PClAT personal comput
ers. (Note: The 8087180287 math-coproc
essor option is highly recommended for 
use with this program.) The program will 
also compile under UNIX 4.3 BSD FOR
TRAN 77 with minor changes. 

This program was written by William K. 
Marshall and Brian D. Burk of Caltech for 
NASA's Jet Propulsion Laboratory. For 
further information, Circle 113 on the TSP 
Request Card. 
NPO-17444 

Predicting Noise From 
Wind Turbines 

Effects of turbulence, 
trailing-edge wakes, and 
bluntness are taken 
into account. 

The computer program WINDY pre
dicts broadband noise spectra of horizbn
tal-axis wind-turbine generators. This will 
enable adequate assessment of the im
pact of broadband wind·turbine noise. The 
program has practical application in the 
design and siting of wind-turbine machines 
that are acceptable to the community. Un
derlying noise-generating phenomena are 
discussed in the user's manual of the pro
gram. 

WINDY predicts total noise based on 
such input sources as the inflow turbu
lence to the rotor, the interactions of the 
turbulent boundary layers on the surfaces 
of the turbine blades with the trailing edges 
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of those surfaces, and the wake due to a 
blunt trailing edge. The total broadband 
noise generated is the logarithmic sum of 
these contributions. The effects of the size 
of the machine, the power output, the 
bluntness of the trailing edge, and distance 
to the receiver are incorporated in the pro
gram. 

The program is partly empirical and is 
based on acoustic measurements of airfoil 
models and large wind turbines. For the 
purposes of validation, predicted frequen
cy spectra were compared with measured 
data from several machines, including 
MOD-OA, MOD2, WTS-4, and U.S. Wind
power, Inc., machines. Good agreement 
was obtained between the measured and 
predicted far-field noise spectra. 

The WINDY program is written in GW
Basic. It was designed to operate on IBM 
Personal Computers and compatibles and 
has been implemented under DOS 3.1. 
WINDY was developed in 1987. 

This program was written by Ferdinand 
W Grosveld of Planning Research Corp. 
for Langley Research Center. For further 
information, Circle 133 on the TSP Request 
Card. 
LAR-13984 

G Malhemalics and 
~ Informalion Sciences 

Algebraic Generation of 
Two-Dimensional Grids 
Hermite cubic interpolation is 
performed between fixed, 
non intersecting boundaries. 

The Two-Boundary Grid Generation 
(TBGG) computer program applies an in
teractive algebraic grid-generation tech
nique in two dimensions. The program in
corporates algebraic equations that relate 
a uniform rectangular computational do
main to an arbitrary physical domain. 
TBGG can be applied to a variety of prob
lems in which discrete techniques are 
used to solve such partial differential equa
tions as the governing equations of fluid 
flow. 

The underlying mathematical technique 
used in TBGG is Hermite cubic interpola
tion, which is applied between two fixed, 
nonintersecting boundaries. Two points 
and two inward derivatives define the 
shape of an Hermite cubic. The bound
aries are specified by two ordered sets of 
points, which are parameterized with re
spect to arc length. The distributions of grid 
points along the boundaries that define the 
Hermite cubic functions are determined in
teractively by use of smoothing spline func
tions that relate grid points to arc lengths. 
Correspondingly, the inward derivatives 
are orthogonal projections of the tangen-
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tial derivatives with respect to arc lengths 
along the boundaries. 

The distribution of grid points along the 
Hermite cubic functions that connect the 
two boundaries is determined interactively 
with spline functions in a manner similar to 
that of the distribution of points along the 
boundaries. Also, the magnitudes of the 
derivatives are controlled interactively. Left 
and right boundaries can also be specified 
and blended with the Hermite cubic func
tions. The effect of the side-boundary 
blending, away from the boundaries, is in
teractively controlled. 

The TBGG program is written in FOR
TRAN 77. It works in an interactive environ-

ment in which computational displays and 
the user's responses are exchanged quick
ly. The program has been implemented on 
a CDC CYBER 17Q-series computer using 
the NOS 2.4 operating system, with a cen
tral-memory requirement of 151,700 (octal) 
6O-bit words. TBGG requires a Tektronix 
4015 terminal and DI-3000 Graphics U
brary of Precision Visuals, Inc. TBGG was 
developed in 1986. 

This program was written by Robert E. 
Smith of Langley Research Center and 
Michael R. Wiese of Computer Sciences 
Corp. For further information, Circle 1300n 
the TSP Request Card. 
LAR-13800 
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Jig for Stereoscopic Photography 

84 Combining Thermal and 
Structural Analyses 

~Jseparations between views can be adjusted precisely for best effects . 

Lyndon B. Johnson Space Center, Houston, Texas 
A simple jig can be adjusted to set pre

cisely the distance between the right and 
left positions of a camera used to make ster
eoscopic photographs. The jig was devised 
for a training program that uses stereo
scopic views of soldered assemblies to 
teach standard soldering techniques. In 
view of the trend toward very-large-scale 
integration of electronic circuits, the train
ing method and the jig used to make train
ing photographs may be useful to many 
companies to reduce the cost of training 
manufacturing personnel. 

The camera is preferably a 35-mm sin
gle-lens-reflex unit equipped with a closeup 
lens suitable for the workbench distances 
in question. It slides laterally in the jig (see 
figure) between stops. The left (from the 
point of view of the camera) stop is a fixed 
pin. The position of the right (from the point 
of view of the camera) stop can be adjust
ed by a micrometer. 

Micrometer 

Experiments can be carried outto deter
mine the optimum distance from the object 
to the camera as a function of the distance 
between the right and left camera posi
tions. Ideally, the relationship between 
these distances should cause the stereo
scopic images to overlap about 60 per
cent, and the distance between the right 
and left positions should be such as to give 
a view equivalent to that of a human Db-

The Camera Slides In the Slot between extreme positions, where it takes stereoscopic pic
tures. The distance between the extreme positions can be set reproducibly with the microm
eter. 

server, for whom the interpupillary dis
tance is about 70 mm. 

This work was cione by David J. Nielsen 

Static Pressure-Assisted Seal for Helium 
A metal seal replaces a leaky elastomeric seal. 

Marshall Space Flight Center, Alabama 
The two-piece, all-metal, pressure-as

sisted static flange seal shown in the figure 
holds in pressurized helium satisfactorily at 
a temperature of -80 OF ( -62 "C). The all
metal seal replaces a metal plate with 
elastomeric inserts on each side (also 
shown in the figure), which leaked exces
sively when the operating temperature 
was reduced from -30 OF ( -34 0c) to the 
new lower temperature. 

70 

The new seal is designed to be inter
changeable with the old seal and to seal 
against exist ing flange surfaces while 
maintaining the structural integrity of the 
joint. Thus, the metal plate in the new seal 
has the same thickness as that of the metal 
plate in the old seal and has the same bolt
hole configuration. 

The new seal is certified for use in fl ight 
on the helium jOints of the Space Shuttle 

of Rockwell International Corp. for John· 
son Space Center. No further documen-
tation is available. MSC-21397 

main engine. Ukely terrestrial applications 
may include laboratory and industrial gas
distribution systems. 

This work was done by Donald E. Stuck 
and Takateru Okabayashi of Rockwell In
ternational Corp. for Marshall Space 
flight Center. No further documentation 
is available. 
MFS-29429 
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uid decreases, the shell narrows at its IT 

section and increases in length. The co 
rises on the entry tube and decreases 
open area of the slots. Propellant tt 
flows at a lower rate. 

If the area of the open slot were c 
stant, the pressure would increase steE 

Liquid-Flow Contre 
With Preset 
Break Pressure 
Flow starts only after a 
minimum pressure is exce 

Marshall Space Flight Cen 
Alabama 

A spraybar mechanism delivers ~ 
at a rate that increases gradually WIt 
pressure of the liquid, once the pre: 
has exceeded a minimum value. The r 
anism is an alternative version of thi 
described in the preceding article, "L 
Flow Controller Responds to Pres 
(MF8-28329). The mechanism i~clu 
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through an orifice at the bottom of ttl 
(see Figure 1). . 
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completely, and no liquid flows fre 
shell. As the pump increases the prE 
the midsection of the shell starts to e 
The pintle still seal~ the o.rifice, he 
until the orifice begIns to nse on t~ 
the pintle toward the n~rrow ~nq 
cone. At this point, liquId begl~S 
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Figure 2. Once the Minimum PI1 
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All -Metal , 

Two-Piece Seal 

Elastomerlc 
Seali ng 
Element 

- __ Old Design: Elastomer · 
and·Metal Three-Piece Seal 

SECTIONS A-A 

OLD SEAL, NEW SEAL, AND FOUR·BOLT FLANGE 

SECTION B·B 

NEW SEAL INSTALLED IN FOUR·BOLT JOINT 

r- c 

SECTION C·C 

NEW SEAL INSTALLED IN SIX·BOL T JOINT 

A 

Bolt 
('I,·ln. 
Diameter) 

The Static Seal is installed between two flanges, which are then bolted together. The old ver
sion included two elastomeric sealing elements. The new version includes one pressure-as
sisted metal sealing element held in place by the metal plate and flanges. 

A FREE BROCHURE describes new books, posters, and 
videotapes available from NASA Tech Briefs. 
Circle Reader Action Number 700 for your free copy. 
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Liquid-Flow Controller Responds to Pressure 
~~The variation of pressure with flow is reduced. 

Marshall Space Flight Center, 
Alabama 

A mechanism that controls the flow of a 
_ liquid in a fuel-spraying head in a combus

tion chamber responds nonlinearly to the 
pressure of the liquid. At low pressure, it 
provides fine control of the spray. As the 
flow and pressure increase, it provides a 
larger increase in flow in response to a 
smaller increase in pressu re, thereby 
keeping the maximum required pressure 
modest. 

The mechanism is part of the fueHnjec
tion system of a rocket engine. It admits liq
uid fuel into the combustion chamber so 
that the fuel enters along the flow of gase
ous oxidizer. The principle of operation 
should be applicable to spraying heads for 
other fluids. 

Flow of 
_~--t,,- Liquid 

Entry 
i'\I.~7-- Tube 

Flow of 
Gas 

LOWER PRESSURE, LOWER FLOW HIGHER PRESSURE, HIGHER FLOW 

The liquid, fed by a pump, enters a 
spraybar mounted in a slot in a faceplate. 
The spraybar includes a flexible shell that 
forms a cavity around a row of cylindrical 
collars like the one shown in Figure 1. Each 
collar slides on an entry tube. The liquid 
flows into the cavity and through a slot in 
the collar into the entry tube. It blends with 
a peripheral flow of oxidizer as it leaves the 

Figure 1. The Shell of the Spraybar expands or contracts laterally as its internal pressure 
rises or falls, forcing the collar down or up on the entry tube. The area of the window formed 
by the slots ir.l the collar and entry tube thus increases or decreases. 

72 Circle Reader Action No. 313 

entry tube. An array of such spraybars in
jects fuel into the combustion chamber. 

The shell of the spraybar expands in mid
section diameter and contracts in length as 
the pressure of the fuel increases. The col
lar slides downward as the shell shortens, 
thereby increasing the open area between 
the slot in the collar and a mating slot in the 
entry tube. Thus, propellant can flow at a 
higher rate into the entry tube and the com
bustion chamber. 

Conversely, when the pressure in the liq-

Q) 

::; 
(/) 
(/) 
Q) 

0:: 

Flow 

V ari abl e-Area 
Slot 

Figure 2. The Drop in Pressure Through a 
Varlable·Area Orifice increases much more 
with flow through the orifice than does the 
corresponding drop in pressure with flow 
through a fixed -area orifice. In practical 
terms, a lower pump pressure is needed 
with the variable orifice for a given flow of 
liquid. 
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mately linearly with pressure. When this 
mechanism is used to spray fuel in a rocket 
engine and possibly in other types of com
bustion chambers, the preset minimum 
pressure for the initiation of flow prevents 
"chugging" - unstable combustion at low 
flow rates. It also allows the spraybar to be 
prefilled so that the spraying and combus-

tion can be started rapidly. The approxi
mately linear rise of flow with pressure (in 
contrast with the steeper increase with a 
fixed-area orifice) reduces the maximum 
pressure required of the pump at high flow. 

This work was done by George B. Cox, 
Jr., of United Technologies Corp. for Mar
shall Space Right Center. For further in-

Liquid-Flow Controller With Trickle Preflow 

formation, Circle 39 on the TSP Request 
Card. 

Inquiries concerning rights for the com
mercial use of this invention should be ad
dressed to the Patent Counsel, Marshall 
Space Flight Center[see page 22] Refer to 
MFS-28330 

~J Pressure increases steeply with flow up to a point , beyond which pressure increases gradually. 

Marshall Space Flight Center, Alabama 

A liquid-flow controller allows the pres
sure in the liquid to increase steeply with 
flow as the flow starts, then provides a 
more-gradual nearly linear rise of pressure 
with flow as the flow and pressure increase 
beyond a preset breakpoint. The controller 
is an alternative version of the mechanism 
described . in the two preceding articles, 
"Liquid-Flow Controller Responds to Pres
sure" (MFS-28329) and "Liquid-Flow Con-

troller With Preset Break Pressure" (MFS-
28330). 

Like the second version, this version in
cludes a pintle as the metering element in 
the orifice of a shell. Now, however, the 
conical tip of the pintle is not solid but con
tains two cutout sections (see Figure 1). 

With no or low pressure in the shell, the 
orifice rests against the conical surface on 
the tip of the pintle. As liquid is pumped into 

LOW·PRESSURE, 
TRICKLE FLOW 

BonOM VIEW 
OF PINTLE 

HIGHER·PRESSURE, 
LARGE FLOW BEGINS 

Cutouts 

Figure 1. Material Is Cut Out of the Cone at the tip of the pintle. Liquid can thus always pass 
from the shell , albeit at a low rate. When the pressure in the shell is great enough to force the 
orifice away from the pintle, the liquid flows at a greater rate. 

~ 
:::l 
en 
en 
Q) 

0:: 

Flow 

Figure 2. The Pressure Increases Steeply 
with the flow up to the breakpoint, beyond 
which the increase is more gradual and ap
proximately linear. 

the shell , a small amount that can flow 
trickles out through the cutouts. As the 
shell becomes full and the pressure inside 
it increases, the midsection of the shell ex
pands. As pressure increases beyond the 
breakpoint, the orifice rises away from the 
cone. The orifice opens wider as the pres
sure continues to increase, and the flow 
through the orifice increases accordingly 
(see Figure 2). 

This work was done by George B. Cox, 
Jr. , of United Technologies Corp. for Mar
shall Space Right Center. For further in
formation, Circle 31 on the TSP Request 
Card. 
MFS-28331 

Fourier Analysis of Vibrations of Round Structures 
Complicated vibrations of complicated structures are represented efficiently. 

Marshall Space Flight Center, Alabama 

A Fourier-series representation has 
been developed for the analysis of vibra
tions in complicated, round structures like 
turbopump impellers. The new Fourier 
method eliminates the guesswork involved 
in the characterization of the shapes of 
vibrational modes. It is an easy way to 
characterize complicated modes, leading 
to a determination of the responsiveness of 
a given mode to various forcing functions. 

74 

The shapes of vibrational modes cannot 
be characterized by viewing geometrical 
plots of a deformed structure. Previously, it 
was necessary to conduct an expensive 
and time-consuming response analysis to 
determine whether a given vibrational 
mode could be excited by a given forCing 
function. Furthermore, there was a tend
ency to dismiss higher -order modes as 
being impossible to excite and not to ana-

Iyze modes that were not characterized as 
classical diametral modes like those of a 
flat, circular plate. However, experience 
teaches that all modes should be regarded 
as possible (see figure). The new Fourier 
method facilitates a thorough evaluation of 
all the modes of a structure. 

The new Fourier-series method is used 
in conjunction with a finite-element numeri
cal simulation of the vibrational modes of a 
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uid decreases, the shell narrows at its mid
section and increases in length. The collar 
rises on the entry tube and decreases the 
open area of the slots. Propellant then 
flows at a lower rate. 

If the area of the open slot were con
stant, the pressure would increase steeply 

Liquid-Flow Controller 
With Preset 
Break Pressure 
Flow starts only after a 
minimum pressure is exceeded. 

Marshall Space Flight Center, 
Alabama 

A spraybar mechanism delivers a liquid 
at a rate that increases gradually with the 
pressure of the liquid, once the pressure 
has exceeded a minimum value. The mech
anism is an alternative version of the one 
described in the preceding article, " Liquid
Flow Controller Responds to Pressure" 
(MFS-28329). The mechanism includes a 
flexible shell surrounding a pintle. The 
enlarged conical tip of the pintle extends 
through an orifice at the bottom of the shell 
(see Figure 1). 

A pump supplies liquid to the interior of 
the shell. With no or low pressure in the 
shell, the tip of the pintle blocks the orifice 
completely, and no liquid flows from the 
shell. As the pump increases the pressure, 
the midsection of the shell starts to expand. 
The pintle still seals the orifice, however, 
until the orifice begins to rise on the tip of 
the pintle toward the narrow end of the 
cone. At this point, liquid begins to flow 
from the shell. As the pressure increases 
further, the orifice opens wider and flow 
increases. 

Thus, no liquid flows until the pressure 
reaches a predetermined level (see Figure 
2). Thereafter, the flow increases approxi-

Figure 2. Once the Minimum Pressure for 
Flow is reached, the pressure increases 
gradually with increasing flow. This con
trasts with the behavior of the fluid in a 
fixed-area orifice, wherein the pressure in
creases steeply with flow. 
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with the flow. The pump would therefore 
have to generate an increasingly higher 
pressure for a diminishing increase in flow. 
With the variable-area slot opening, the re
quired pressure tends to level off at higher 
flows (see Figure 2). Thus, the pump can 
provide the required high flow of fuel at rea-

LOW PRESSURE, NO FLOW 

sonable pressure. 
This work was done by George B. Cox, 

Jr., of United Technologies Corp. for Mar· 
shall Space Flight Center. For further in
formation, Circle 32 on the TSP Request 
Card. 
MFS-28329 

HIGHER PRESSURE, FLOW BEGINS 

Figure 1. The Orifice in the Shell Rises on the lower end of the pintle as the pressure in the shell 
increases. A gap forms between the pintle and the orifice only after the pressure reaches a cer
tain minimum value. Liquid then begins to flow out from the cavity in the shell. 

E Sf's highly stable and 
transportable Resistance 
Standards allow routine 

calibration in the laboratory or 
in the field. 

The SR I individual resistance 
standards offer 0.005% long-term 
accuracy for most values from 
In to 10Mn. Dekabox® 08877 
Coaxial Dial and D862 In-line 
Decade Resistors provide addi
tional linearity checking capa
bility with virtually continuous 
resislance between o.oln and 
12Mn at 0.02% accuracy. 

When you want to be sure your 
instruments are performing up to 
specifications , call ESI , the lead
ing manufacturer of resistance 
standards traceable to the National 
Bureau of Standards. 

Electro Scient ific Industries, Inc. 
13900 NW Science Park Drive · Portland , OR 97229 

1 800 547 1863 (In Oregon call 
- - - 503-641-4141 ) 
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structure. In the case of a turbopump im
peller, internal passageways, blades, 
vanes, and other nonuniformities make it 
impossible to describe a typical high-order 
or otherwise complicated mode as a class
Ical diametral mode. Consequently, such a 
mode is represented as a Fourier sum of 
classical diametral modes and determined 
to have some of the properties of each of 
these component modes. The essence of 
the method is first to calculate the Fourier 
coefficients of the displacements of the rim 
in the mode in question, then to use the 
relative magnitudes of these coefficients to 
determine the shape of the mode. 

Although the Fourier-series method is 
trivial for lower-order modes, it becomes 
indispensable for the examination of the 
higher-order modes of structures like im
pellers. In practice, each such mode has 
many nonzero Fourier coefficients. With 
knowledge of the relative magnitudes of 
these coefficients, one can determine 
what operating speeds are likely to cause 
excessive vibrations. 

This VofOrk was done by Gary A Davis of 
RockweJllnternational Corp. for Marshall 
Space Flight Center. For further informa
tion, Circle 117 on the TSP Request Card. 
MFS-29334 

This Turbopump Impeller Is shown here by holographic interferometry to be vibrating in a 
flap mode, In which each of the 24 sections of the shroud between the blades of the Impeller 
vibrates Independently of the other sections. Such a mode cannot be represented as a single 
classical diametral mode. 

Laser Scannillg COlllponell. 
For New Applications Yet To Be Discovered. , \ 

\,X;k're ready to explore new scanning terrItory with youl New applications are constantly being diSCOV~d utilizing Uncoln's 
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on your single piece prototype or large quantity productio requirements. 

LINCOLN LASER COM 
234 East Mohave, Phoenix, Arizona 85004, FAX: (602) 257-0728, Phone: (602) 257-0407 
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Detecting Boundary-Layer Transition in Cold Environments 
~~ Definitive transition Reynolds numbers are obtained for the first time in a cryogenic wind tunnel. 

Lang/ey Research Center, Hampton, Virginia 

The determination of the location of 
boundary-layer transition has been a highly 
desirable adjunct to aerodynamic testing 
in conventional, ambient-temperature sub
sonic and transonic wind tunnels. Hot films 
are reliable and efficient devices for the de
termination of both the beginning and end 
of boundary-layer transition in test pre
grams. A transition-detection study was 
conducted in the Langley O.3-Meter Tran
sonic Cryogenic Tunnel, using a special
ized hot-film system designed specifically 
for use in cryogenic wind tunnels. The 
quantitative transition-location data ob
tained at nearly cryogenic conditions, 
360 OR (200 K) represents the first definitive 
transition Reynolds numbers obtained in a 
cryogenic wind tunnel. The model was 
tested at both adiabatic and nonadiabatic 
wall conditions with a wall-te-wall tempera
ture ratio as low as 0.47. 

The vapor-deposited surface hot films 
and leads and the dielectric substrate were 
installed on a 12-percent-thick, advanced-

Hot Films 

2 

40 

Switching 
Network 

CTA's 
40 

Single 
Channel 

technology supercritical airfoil model 
made of berylliumlcq>per. Before the hot 
films and gold connectors could be applied 
to the surface of the model, a method for 
carrying the electrical Signal from the hot 
film via the surface gold leads, through the 
model, and out to the anemometer cables 
in the plenum of the test section had to be 
devised. For this purpose, slots were cut in 
the upper and lower surfaces of the airfoil, 
and the connecting wires were bonded to 
the airfoil. 

The figure is a block diagram of the mUl
tichannel hot-film data-acquisition system. 
The basic components of the system are 
the constant-temperature anemometers 
(CTA's) which provide current to heat the 
films, a computer, a switching network, a 
digital multimeter (DMM), a scanner, ampli
fiers, oscilloscopes, and a frequency-mod
ulation (FM) tape recorder. A desktop com
puter controls the instrumentation and 
acquires, stores, and reduces the data. 
The switching network, under computer 

Scanner 

Input 
Oscilloscopes 

DMM 

Desktop Computer 

control, switches the hot films sequentially 
into the DMM for resistance measure
ments. The switches, when disabled, re
store the hot films to their respective CT A's. 
When the CTA's are made operational, the 
output voltages are scanned and sampled 
with the scanner and DMM for on-line re
duction of data. The output voltages are 
also viewed on oscilloscopes and record
ed on FM tape for further processing and 
analysis. 

Results indicate that the concept for the 
installation of the speCialized hot films and 
hot-film data-acquisition system will enable 
on-line determination of boundary-layer 
transition in such cryogenic wind tunnels 
as the National Transonic Facility. 

This work was done by C. B. Johnson, D. 
L. Carraway, and P. C. Stainback of Lang· 
ley Research Center and M. F. Fancherof 
Douglas Aircraft Co. For further informa
tion, Circle 35 on the TSP Request Card. 
LAR-13830 

FM 
Tape 

Recorder 

Playback 
Oscilloscopes 

The Multichannel Data-Acquisition System processes data from 40 hot-film sensors by use of a desktop computer. 

Electrolysis Bubbles Make Waterflow Visible 
~J Traces in photographs are measured to obtain velocities. 

Lewis Research Center, Cleveland, Ohio 
A technique for the visualization of 

three-dimensional flow uses tiny tracer 
bubbles of hydrogen and oxygen made by 
the electrolysis of water. Strobe-light 
photography' is used to capture the flow 
patterns, yielding a permanent record that 

76 

can be measured to obtain the velocities of 
particles. This technique was used to 
measure the simulated mixing turbulence 
in a proposed gas-tUrbine combustor and 
could be used in other water-table flow 
tests. 

Figure 1 shows a schematic diagram of 
the test apparatus, which consisted of an 
acrylic plastic model of the combustor, a 
water-electrolysis system, a water-circula
tion system, and a strobe-Iamp-and-cam
era system. The model was oriented verti-
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Figure 1. Bubbles of Hydrogen and Oxygen are created by electrolysis. Entrained in the flow, 
they leave traces In photographs that can be measured to determine flow velocities. 

cally. The water was made to flow upward 
in the measurement region to minimize the 
second-order effect of the buoyancy of the 
gas bubbles and the tendency of the gas 
bubbles to stick to the walls of the model. 

The electrical conductivity of the water 
was increased by adding ammonium nitrate 
to make a to normal solution. A wetting 
agent was added to suppress the forma
tion of bubbles on the walls. This solution 
was then periodically buffered with nitric 
acid to keep the solution optically clear. (It 
was speculated that carbon dioxide from 
contact with air dissolved in the city water 
creating the olbserved clouding of the solu
tion through the formation of calcium car
bonate.) It was found that a relatively con
ductive solution enabled the use of single 
electrodes at most points, provided that in 
each case the matching electrode was not 
more than a centimeter or two away. 

Figure 2. Electrodes Are Mounted on the 
Model to generate bubbles in the flow. 

The electrodes, consisting of straight or 
looped 4.Q-cm lengths of 0.13-mm stain
less-steel wire, were secured to the model 
with transparent tape at appropriate flow
entry points as indicated in Figure 2. A () to 
18-Vdc power source was utilized. The rate 
of formation of bubbles was varied by vary
ing the electrode voltage. Usually, the 
higher voltages and bubble-formation 
rates were used with higher waterflow 
rates. SWitching made it possible to en
ergize various groups of electrodes. 

The strobe lamp provided the illumina
tion for the photography, which was done 
with a conventional 35-mm camera with 
high-speed film. Measurements of the bub
ble traces were then coordinated with the 
waterflow-rate data to obtain final tur
bulence data. 

This work was done by Donald F. 
Schultz of Lewis Research Center. No 
further documentation is available. 
LEW-14797 

Adaptive-Control Experiments on a Large Flexible Structure 
Transient and initial defl ections are regulated via sensors, 

~Jactuators, and a digital control system. 

NASA's Jet Propulsion Laboratory, Pasadena, Califo rnia 
An antennalike flexible structure (see 

Figure 1) has been built for research in ad
vanced technology including the suppres
sion of vibrations and the control of initial 
deflections. The structure is instrumented 
with sensors and actuators connected to a 
digital electronic control system, which is 
programmed with the control algorithms to 
be tested. Particular attention in this re
search is focused on the direct model-ref
erence adaptive-control algorithm based 
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on the command generator tracker theory. 
The structure was built to exhibit multi

ple vibrational modes, low modal frequen
cies, and low structural damping. The struc
ture was made three-dimensional so that 
complicated interactions among the com
ponents of the structure and the control 
system could be investigated. The objec
tive of the research is to test the perform
ance of the algorithm and the closed-loop 
control system under gross uncertainties 

in the mathematical model of the dynamics 
of the structure and the environment, in
cluding effects that change with time, de
lays, nonlinearities, and reconfigurations of 
the system. 

The main component of the apparatus 
consists of 12 ribs attached to a central 
hub, forming a weblike object 18.5 ft (5.6 m) 
in diameter. Two rings of pretensioned 
wires provide coupling of motion in the cir
cumferential direction. Each rib, being 
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quite flexible and unable to support its own 
weight without excessive droop, is support
ed at two locations along its free length by 
levitators based on pulleys and counter
weights. The hub is mounted on a gimbal 
platform, so that it is free to rotate about 
two perpendicular axes in the horizontal 
plane. A flexible boom is attached to the 
hub and hangs below it, and a feed mass, 
simulating the feed of an antenna, is at
tached at the free end of the boom. 

Each rib can be individually excited or 
controlled by a rib-root actuator (see Rg
ure 2). Two hub actuators torque the hub 
about its two gimbal axes. The hub torquers 
do not provide torque directly but rather are 
linear force actuators that provide torque 
to the hub by pushing at its outer circum· 
ference. The placement of these actuators 
guarantees good controllability of all the 
flexible modes of motion. 

The locations of the sensors are also 
shown in Figure 2. Each of the 241evitators 
is equipped with an incremental optical en
coder that provides an indirect measure
ment of the vertical motion of the corre
sponding rib at the point of attachment of 
that levitator. Four evenly-spaced linear 
variable-differential·transformer rib-root 
sensors are colocated with four rib· root ac
tuators. The orientation of the hub is meas
ured by two rotary variable-differential 
transformers mounted directly at the gim
bal bearings. 

A computer samples the outputs of the 
sensors, uses these data to update adapt
ive-control gains and compute appropriate 
actuation commands, and then sends the 
signals to the actuators. This cycle is re
peated as long as the controller is in opera
tion. The basic idea behind the general 
model-reference adaptive-control tech
nique is first to design a reference model, 
the output of which reflects the desired 
performance of the system, and then to 
drive the output of the plant to track asymp
totically the output of the model via the 
adaptive-controllaw. The virtue of the spe
cific technique employed in this research 
is that it allows the reference model to be of 
low order even though the order of the ac
tual system is infinite or high, and accurate 
knowiedge of the system is not required in 
the design of the controller. 

In initial proof-<>f-concept experiments, 
the adaptive controller has achieved stable 
regulation of transients with significant im
provement over the open-loop perform
ance. The settling time has been reduced 
by a factor of 3 or more in some cases. In 
an experiment involving regulation with ini
tial deflection, the outputs of the system 
followed the highly damped outputs of the 
reference model closely and converged 
rapidly. 

This work was done by Che-Hang C. Ih, 
David S. Bayard, Shyh J. Wang, and Daniel 
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Legend: 
• Sensor o Actuator 

Figure 1. A Complicated Flexible, Antennallke Structure exhibits complicated interactions 
that test the ability of a control system to suppress or regulate deflections. 

Figure 2. Sensors and Actuators are placed at various points on the structure to measure 
and control the deflections, as parts of the closed-loop control system. 

B. Eldred of Caltech for NASA's Jet Pr0-
pulsion Laboratory. For further informa
tion, Circle 159 on the TSP Request Card. 
NPO-17478 
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Books and Reports 
These reports, studies, handbooks are 
available from NASA as Techn ical 
Support Packages (TSP's) when a Re
quest Card number is cited; otherwise 
they are available from the National 
Technical Information Service. 

Vibrational Responses of 
Structures to Impulses 

The analysis of transients 
supplements the usual modal 
analysis for greater accuracy. 

A report discusses the propagation of vi
brations in a structure in response to impul
sive and/or concentrated loads. The usual 
finite-element modal analysis is inadequate 
to describe such phenomena because it 
does not account for high frequencies that 
contribute significantly to the vibrations. In 
the approach taken by the author, the ef
fects of pulsed loads are treated by ana
lyzing the propagation of characteristic vi
brational waves explicitly through each 
member of the structure. This wave-front 
analysis should be used in combination 
with the usual finite-element modal analy
sis to obtain a more accurate representa
tion of the overall vibrational behavior. 

The discussion begins with the propaga
tion of pulse excitations in one<iimensional 
structural members. Excitations include 
longitudinal , shear, bending, and trans
verse string vibrational waves, each propa
gating uncoupled from the others (within a 
member) at a characteristic speed given 
by the classical small-vibration equations. 

Next, periodic lattice-type structures are 
considered to be composed of such one
dimensional members with jOints charac
terized by transmission and reflection 
coefficients for one type of excitation only. 
TIme is nondimensionalized by expressing 
it in units of the time of propagation along 
one member. With this formulation, the re
sponse of the structure to an initial pulse at 
the times of arrival of the wave at subse
quent members can be expressed by dif
ference equations in matrix form. The solu
tion can be obtained from an initial pulse 
vector by successive matrix multiplica
tions. The qualitative properties of the solu
tion are defined by the eigenvalues of the 
fundamental matrix, which plays the same 
role as that of the stiffness matrix in the 
finite-element technique. 

A real structure is more likely to be 
aperiodic, with different characteristic 
speeds and delays in each member. Fur
thermore, joints can convert one type of 
deformation into another (e.g., an angle be
tween two rods can convert a longitudinal 
wave into a longitudinal plus a transverse 
wave), so that sets of transmission/conver
sion and reflection/conversion coefficients 

NASA Tech Briefs, March 1990 



are needed. When time is nondimensional
ized in terms of the delay for one type of 
wave in one of the members, a more com
plicated system of difference equations is 
obtained. k; before, matrixlvector meth
ods are used to obtain the solution. 

One of the interesting predictions of this 
analysis is that unequal delays in members 
and conversions of waves at joints can 
cause the vibrational response to a pulse 
excitation to lose its periodicity and be
come ergodic. The mathematical instabil
ity of a structure under small changes in 
the propagation speeds and lengths of the 
members may cause a transition to ergo
dicity even in a structure for which the 
analysis initially predicts a periodic re
sponse. 

This work was done by Michail A. Zak of 
Caltech for NASA's Jet Propulsion lab
oratory. To obtain a copy of the report, 
"Dynamical Response to Pulse Excitations 
in Large Space Structures," Circle 97 on 
the TSP Request Card. 
NPO-17343 

Rolling-Contact Spalling 
in Bearings 
The effects of thermal and 
mechanical stresses 
are analyzed_ 

A report describes experimental and 
theoretical studies of the effects of thermal 
and mechanical contact stresses and the 
attendant plastic deformations responsible 
for rolling-contact spalling of the 44OC
steel bearings in a high-pressure-oxygen 
turbopump. The lives of the bearings are 
limited by premature spalling of the races 
and balls. 

The experimental part of the study includ
ed efforts to promote the growth of fatigue 
cracks under cyclic torsion in hardened 
44OC-steel hollow cylinders with circum
ferential defects. In addition, spalls pro
duced on 440C steel by a three-balilrod roll
ing-contact testing machine were studied 
with scanning electron microscopy. The 
classical, V-shaped spa lis formed with 
loose flaps, pieces of which broke off from 
time to time, thus forming wear fragments 
as the spall cracks grew. Spalls were ob
served to start growing from the surfaces 
of uncoated specimens and from points 
below the surfaces of specimens coated 
with copper. 

The theoretical portion of the study 
begins with a finite-element stress-vs.
strain analysis without thermal effects. For 
this purpose, the mathematical model of 
the contact is a tw<Xlimensional indenta
tion in the otherwise flat surface of a ma
terial of idealized stress-vs.-strain behavior 
called "elastic-linear-kinematic-plastic," 
the parameters of which are selected to 
approximate the behavior of 440C steel. 
This analysiS considers Hertzian pressures 

NASA Tech Brie/s, March 1990 

As a frequency source you have the long 
term stability of ce ium but at o nly 1/3 the 
cost. 

timing requirement . 

at ync is accurate to within lOOn. 
worldwide, 24 hours a day and our disciplined 
osci llator guarantees accuracy whether or not 
the sate llite are in view. 

Call tcxlay to arrange your own personal 
demonstration. 

If calibrating and ea y to use at ync 
can be configured a a timing or frequency 

Odetics 
Precision TLme Division 

y tem. 1515 South Manchester Avenue, Anaheim 
Timing outputs include pulse rates as well California 92802-2907 

as a variety of time ccxles and parallel BCD. Phone 714 758-{)4{)() Fax 714 776-6363 

Circle Reader Action No. 346 

Floating Point Array Processor 
• Dramaticall y increases the 
dynamic range and peed of 
desktop computing with IBM 
Pc. XT, AT and other com
patibles. 

• Ideal for image processing, 
neural networks, ei~mical1aly-
i . surface defect detection and 

vibration analysis. 

• Saves time writing pro
grams. Includes 'Tool Box' 

Library of 473 powerful mi
cro-coded function and pre
wrinen support routines. 

• Accelerate compute-bound 
C, Fortran or Pa cal programs 
with a processing rate of 12.5 
MFlopsperPLI250 ... Runtime 
software. upports Lip to eight 
PLl250s running in parallel 
within a single PC providing 
100 MFlops performance. 

• The PL 1250 with software ... 
$2,695. 

C¥~6~ 
~ 
1247 Tamarisk Lane 
Boulder City, NV 89005 

1·800·888·1119 

Circle Reader Act ion No. 675 81 



Intelligent 
Data 

Acquisition 

DAP 1200'" 

Data Acquisition Processor1'K 
for mM PC/XT 1 AT 1386 

Microstar's DAP"" manages the entire 
data acquisition and control interface 
inside a PC. Onboard intelligence in 
the DAP speeds development and 
increases performance. 

• Onboard intelligence : 80186 
coprocessor 

• Acquires analog and digital inputs 
to 156,000 samples/seconds 

• Buffers and processes input data 
• More than 100 commands without 

programming 
• Commands include: Average , 

Scale , Peak Detection , Logic , 
Integration , Differentiation , 
Thermocouple Linearization , 
Closed Loop Control (PID), Event 
Detection, Auto-Range, Waveform 
Generation 

• FFT and FIR filtering without 
programming 

• Custom commands may be written 
inC 

DAP 2400'" also includes: 

• 10 MHz or 16 MHz 80C186 
• 20 MHz DSP56001 for 10 MIPS 

digital signal processing 
• Acquires analog and digital inputs 

to 235,000 samples/seconds 
• Updates analog or digital outputs to 

250,000 values/seconds 
• Performs 1,024 point complex FFT 

in under 10 milliseconds 
• Executes FIR filters in less than 200 

nanoseconds per tap 

CaU for FREE Demo Diskette 

M CROSTAR 

LABORATORIES'" J 
(206) 881-4286 
2863 152 Ave. N .E. 
Redmond, WA 98052 
Fax (206) 881·5494 

82 Circle Re.der Action No. 552 

of 2.5 to 3.64 GPa and full slip with a coeffi
cient of friction of 0.2 in the absence of 
local heating. The distortion of the rim, 
cyclic plastic strains, residual stresses, 
and the dissipation of energy via plastic 
deformation are evaluated and compared 
with the results that would be obtained 
under the assumptions of pure rolling and 
perfect plasticity. 

Thermal effects are included by means 
of a coupled temperature-and-displace
ment finite-element analysis. For this pur
pose, the indentation is considered to 
generate heat fluxes at densities up to 
8.6 X 104 kW/m2, which are comparable to 
those generated in the real bearings. Local 
temperatures in excess of 1,000 "C are 
treated. In this case, the stress-vs.-strain 
behavior is represented by an idealization 
called "elastic-perfectly-plastic." These 
calculations reveal that high residual ten
sion remains after the contact is unloaded 
and cooled. 

This work was done by A M. Kumar, S. 
M. Kulkarni, B. Bhargava, G. T. Hahn, and 
C. A Rubin of the Center for Materials Tri
bology of Vanderbilt University for Mar· 
shall Space Right Center. To obtain a 
copy of the re{XJrt, "Mechanisms of Rolling 
Contact Spa/ling, " Orc/e 8 on the TSP Re
quest Card. 
MFS-27201 

Insulation for Cryogenic
liquid Tanks 
Rigid foam and radiation 
shields prevent excessive 
heating in a variety 
of environments. 

A report describes the design, develop
ment, and test of the thermal-protection 
system for the liquid-oxygen and liquid
hydrogen tanks of the nem discontinued 
ShuttlelCentaur G' project. The Centaur G' 
spacecraft, with its insulated tanks, would 
have been launched into orbit around the 
Earth from the Space Shuttle. The system 
would have protected the tanks from ex
cessive heat before and during launches, 
while in orbit around the Earth, and during 
premature landings from aborted launch
es. 

The system was designed to withstand 
the stresses of launch and emergency 
landing, acoustical loads, rapid changes in 
pressure, and the impingement of rapidly 
fleming gas near the vents of the cargo bay 
in the Space Shuttle. One of the primary re
quirements in the design was that the sys
tem present no hazard to the Space Shut
tle or its crew. 

The tank for liquid hydrogen is insulated 
with polyimide foam and three radiation 

shields. The tank for liquid oxygen is in
sulated with radiation shields only. The 
foam prevents gases from condensing on 
the hydrogen tank when it is in the at
mosphere of the Earth before and during 
launch and during reentry. Helium gas 
flows continuously through the open-cell 
foam during these phases of flight to re
move nitrogen and oxygen from the viCinity 
of the tank. The flem of helium is contained 
by the portions of the structure surround
ing the tanks , including the forward 
adapter purge diaphragm, the forward 
adapter itself, the innermost side-wall radi
ation shield, and the purge plenum that 
seals the system on the aft end of the liq
uid-hydrogen tank. The flow of helium is 
stopped at lift-off but restarted if a flight is 
aborted. 

Both the purge diaphragm and the 
innermost radiation shield consist of a 
high-strength aromatic polyamid cloth 
sandwiched between two outer layers of 
polyimide coated with vapor -deposited alu
minum (VDA). The outermost radiation 
sield uses a layer of polytetrafluoroethy
lene coated internally with VDA as the out
er laminate layer. This material gives the 
ratio of absorptance-to-thermal-emittance 
required to minimize heating from the Sun 
and the Earth's albedo while in orbit. 

The hydrogen tank foam is 1.5 in. (3.8 
cm) thick on the sidewall and 0.75 in. (1.9 
cm) thick on the forward bulkhead. The 
foam is assembled on the tank in panels 
joined at their edges by twin-pin fasteners. 
The seams are covered with polyvinyl fluo
ride tape to seal off convection paths be
tween the radiation shields and the surface 
of the tank. On the tank, where the panels 
are arranged in two layers, the seams in 
the outer layer are offset from those in the 
inner layer to reduce convection further. 

The oxygen tank is warm enough that it 
does not tend to liquefy the gaseous nitro
gen within the Shuttle cargo bay and 
therefore does not need foam insulation. 
Uke the hydrogen tank, hemever, it does 
need shields to protect it from radiated 
heat in orbit. The tanks are protected by 
three such shields on the sidewall and four 
on the aft bulkhead. 

This work was done by Richard H. Knoll 
of lewis Research Center and Peter N. 
MacNeil and James E. England of General 
Dynamics Corp. Further information may 
be found in NASA TM-89825 [N87-23685]. 
"Design, Development, and Test of Shut
tle/Centaur G-Prime Cryogenic Tankage 
Thermal Protection Systems. II 

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) 33&4700. 
LEW-14707 
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Perspectives on Dilution 
Jet Mixing 
A study identifies effects of 
flow and geometric 
parameters on mixing 
of transverse jets with 
ducted crossflow. 

NASA recently completed a program of 
measurements and modeling of the mixing 
of transverse jets with a ducted crossflow, 
which was motivated by the need to design 
or tailor the temperature pattern at the 
combustor exit in gas turbine engines. 
Problems of jets-in-crossflow have been 
studied frequently due to their appearance 
as constituent flows in such diverse ap
plications as pollutant dispersion from 
chimneys, thermal discharges into rivers 
and streams, overfire jets in furnaces, 
engine exhaust from VSTOL (VerticallShort 
Takeoff and Landing) aircraft, gas turbine 
combustor exit temperature pattern con
trol , and fuel injection in high speed propul
sion systems. The information obtained in 
any given study may, in addition to increas
ing the understanding of the more general 
problem, be directly relevantto the solution 
of similar problems in very different appli
cations. 

The combustor dilution zone jet-in
crossflow application is a confined mixing 
problem, with from 10 to 50 percent of the 
total airflow entering through dilution jets in 
the aft section of the combustor. The result 
is that the average temperature of the exit
ing flow may differ significantly from that of 
the entering mainstream flow. To control or 
tailor the exit temperature pattern, it is nec
essary to be able to characterize the exit 
distribution in terms of the upstream flow 
and geometric variables. 

The objectives of this program were to 
identify the dominant physical mecha
nisms governing the mixing, extend empiri
cal models to provide a near-term predic
tive capability, and compare numerical 
code calculations with data to guide future 
analysis improvement efforts. Mean tem
perature measurements have been ana
lyzed to identify the principal independent 
flow and geometric variables affecting the 
mixing. These measurements are com
pared with calculations made with both 
empirical and numerical models for flow 
and geometric variations typical of many 
gas turbine combustors. 

This work was done by J. D. Holdeman 
of Lewis Research Center and R. 
Srinivasan of Garrett Turbine Engine Co. 
Further information may be found in NASA 
TM-87294 [N86-32432J "Perspectives in 
Dilution Jet Mixing. " 

Copies may be purchased [prepayment 
required] from the National Technical In
formation Service, Springfield, Virginia 
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Numerical Analysis of 
Flows With FIDAP 
Predictions of FIDAP are 
compared with other 
numerical results and with 
data from experiments. 

A report presents an evaluation of the 
accuracy of the Fluid Dynamics Package 
(FIDAP) computer program. FIDAP is a fi
n~e-element code for the analysis of flows of 
incompressible fluids and transfers of heat 
in multidimensional domains. It includes 
both of the available methods for the treat
ment of the spurious numerical coupling 
between the simulated velocity and the 
simulated pressure; namely, the penalty 
method and the mixed-interpolation meth
od with variable choices of interpolation 
polynomials for velocity and pressure. The 
streamwise upwind (STU) method is in
cluded as an option for flows dominated by 
convection. 

In this study, FIDAP was applied to four 
two-dimensional problems: laminar flow in 
a wall-driven cavity, laminar flow over a 
backward-facing step, turbulent flow over 
a backward-facing step, and turbulent flow 
through a turnaround duct. In all cases, the 
nine-node quadrilateral finite element with 
linear discontinuous interpolations for 
pressure was used. This approach is known 
from previous studies to be one of the opti
mal choices for the treatment of the spuri
ous numerical velocitylpressure coupling 
in incompressible flow. The penalty param
eter was chosen to be 10 -~ The flows 
predicted by FIDAP were compared with 
the flow predicted by other numerical 
methods and/or the corresponding meas
ured flows. 

The following conclusions were drawn 
from the study: 
• The consistant-integration-penalty, finite

element program with the quadrilateral 
finite elements described previously can 
be used to treat the spurious numerical 
velocity/pressure coupling in the flow of an 
incompressible fluid. 

• When STU is used, the numerical diffu
sions are too strong in high-Reynolds
number laminar flow, particularly inside a 
wall-driven cavity. 

• When STU is not selected, the numerical 
results of FIDAP for laminar flow agree 
well with the predictions of other numeri
cal methods and with measurements. 

• STU is essential to the computation of tur
bulent flow because it stabilizes nu
merical solutions of the equations of the 

k-£ mathematical model of turbulence 
proposed by launder and Spalding. How
ever, momentum equations are strongly 
influenced by STU, and numerical diffu
sions in the velocity field must, therefore, 
be minimized by the application of higher
order upwinding techniques to momen
tum equations. 

• The predictions of FIDAP correspond to 
the general trends in the predictions of 
other methods for the k - £ model of tur
bulence. Discrepancies between the pre
dictions and measurements in both test 
cases for turbulent flow are caused main
ly by the limitations of the standard k - £ 

model on recirculating and curved flows . 
..Advanced mathematical models of turbu
lence should be incorporated into FIDAP 
to obtain accurate predictions of turbu
lent flows. 

This work was done by Jeong L Sohn 
of Marshall Space Aight Center. Fur
ther information may be found in NASA 
CR-179390 [N89-10253J, "Numerical 
Analysis of Laminar and Turbulent In
compressible Flows Using the Finite 
Element 'Fluid Dynamics Analysis Pack
age (FIDAPr 

Copies may be purchased [prepay
ment required] from the National Tech
nical Information Service, Springfield, 
Virginia 22161, Telephone No. (703) 
487-4650. Rush orders may be placed 
for an extra fee by calling (800) 336-
4700. MFS-27219 

Combining Thermal and 
Structural Analyses 
A computer code makes 
programs compatible so that 
stresses and deformations 
can be calculated. 

A paper describes a computer code 
that combines thermal analysis with struc
tural analysis. Called SNIP (for SINDA
NASTRAN Interfacing Program), the code 
provides an interface between a finite
difference thermal model of a system and 
a finite-element structural model of it when 
there is no node-to-element correlation 
between the models. SNIP eliminates 
much of the manual work in converting the 
temperature results of the SINDA (Sys
tems Improved Numerical Differencing 
Analyzer) program into thermal loads for 
the NASTRAN (NASA Structural Analysis) 
program. 

SNIP generates thermal-load cards for 
NASTRAN plate, shell, bar, and beam ele
ments so that thermal deformations and 
stresses in the structure can be predicted. 
SNIP uses a geometric search routine and 
a numerical coding scheme to relate ther
mal-model nodes to structural-model ele
ments. It then calculates element tempera
tures according to the weighted averages 
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of temperatures of the thermal nodes re
lated to each element. Users can vary in
put parameters to control the correlations 
between nodes and elements. 

SNIP is being used to analyze concen
trating reflectors for the solar generation of 
electric power. Large thermal and struc
tural models are needed to predict the dis
tortion of surface shapes, and SNIP saves 
considerable time and effort in combining 
the models. 

The code has already been applied to 
the analysis of thermal deformations of 
satellite antenna reflectors. It furnished ac
curate results in a fraction of the time of 
other model-combining methods. M im
portant side effect was that SN I P induced a 
high level of communication between ther
mal and structural modelers, and errors in 
the models thus became obvious early in 
the development of the models. 

This work was done by Steven R. 
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Stowable Mechanical Sound Suppressor 
~JA drive-and-link assembly actuates a system aft of the variable nozzle of an engine. 

Langley Research Center, Hampton, Virginia 

The concept of redirecting the exhaust 
gas of a jet engine in thrust-reversal and 
vectored-thrust applications has been the 
subject of considerable research and de
velopment for many years. Now, with in
creased emphasis on the suppression of 
the noise generated by jet engines, a stow
able sound suppressor has been conceived 
for high-speed commercial transport 
(HSCT) engines. The suppressor is to be lo
cated just aft of the variable nozzle of the 
engine. 

During takeoff, when suppression of 
noise is required, a multi segmented sys
tem of separators is rotated out of a center 

plug across the nozzle stream. Actuation is 
accomplished by a single ball-screw drive 
and links, similar to the spokes In an um
brella. With the iris nozzle translated for
ward, a circumferential row of tubes is ex
posed. The pattern of tubes and separators 
form the suppressor configuration. The 
flow stream through the slots and tubes is 
sized to the takeoff area. 

For positions other than takeoff, the 
separator portion of the suppressor is ro
tated back into the tail cone to the stowed 
poSition, out of the airstream. The holes in 
the tube assembly are blocked by a se
quenced iris nozzle that also sets the 

exhaust-throat area. A segmented, spring
loaded door attached to each of the 
separators blocks the flow of air through 
the tail cone when the suppressor is in the 
takeoff position and is translated inward 
when the suppressor is in the stowed posi
tion. In addition to being useful in HSCT 
engines, the stowable mechanical sound 
suppressor should be useful on any turbo
jet engine in which active suppression of 
sound is a requirement. 

This work was done by Edward R. 
Thompson of United Technologies Corp. 
for Langley Research Center. No further 
documentation, is available. LAR-14158 

Robot Hand Would Adapt to Contours 
A conceptual device would use hydraulic pressure to activate fingers . 

NASA's Jet Propulsion Laboratory, Pasadena, California 
Projections on the opposing fingers of a 

proposed robot hand would automatically 
conform to the contours of an object on 
contact. The hand could therefore be used 
to grasp objects of various shapes and 
sizes. The conforming process would be 
passive; the pressure of the object on one 
or several pad elements would force the 
other pad elements to touch it. The hand 
would not use elaborate mechanisms in
volving motors, cams, and cables. 

The projecting elements on each finger 
would be pistons connected to a common 
hydraulic reservoir within the finger (see 
Figure 1). The reservoir is initially filled and 
sealed, with the pistons at the midpoint of 
their travel. The application of a force to 
one piston would cause a pressure to be 
exerted equally on all the other pistons. The 
diameters of the pistons near the middle of 
the finger would be less than the diameters 
of pistons near the edge. Therefore, the 
middle pistons would tend to move farther 
under an increase in pressure in the reser
voir and to exert smaller forces. A gim
baled pad at the tip of each piston would tilt 
to align with the local surface of an object. 

When the finger approached a flat-sur-

86 

Tilt of 
Pad 

Working Face 
;.. 

Body of Finger 

DETAIL OF PISTON ARRAY OF PISTONS ON FINGER 

Figure 1. Pistons Connected to a Common Reservoir would provide a gentle, firm grip. The 
fingers would communicate with each other via the hydraulic pressure, without an elaborate 
control system. 

faced object head-on, all pads would con
tact the object simultaneously (see Rgure 
2). If the hand approached at an angle, the 
pistons would push the object into a posi
tion in which the pistons would be uniform-

Iy displaced, as though the finger had ap
proached head-on. 

When the finger approached a small 
sphere or cylinder, the middle piston would 
contact the object first. Because of its 
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small diameter, it would tend to travel far
ther than the other pistons and would thus 
allow the round surface to sink in farther for 
a more secure grip. The hydraulic pressure 
generated by the middle piston would 
move its neighbors outward to meet the 
object. Ps they made contact, their tip pads 
would tilt to the local slope of the surface of 
the object. The pistons would interact simi
larly in contacting irregular objects and 
concave objects. 

The pistons would tend to center a sym
metrical object like one with a spherical or 
flat surface because the piston forces 
would decrease toward the middle of the 
finger. An offcenter object would be sub
jected to higher forces at the side farthest 
from the center. The tilted pads would then 
exert sideways forces that would slide the 
object inward. 

The same gradation of forces would in
hibit rolling of an object. The object would 
become cradled securely in the pads with
out excessive force. 

A sensor could monitor the pressure in 
the reservoir, and the pressure could be 
limited to prevent the pistons from damag
ing an object. No other senSing or control 
would be needed. 

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

This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent 
Counsel, NASA Resident Office.JPL [see 
page 22]. Refer to NPO-16766. 

Figure 2. Pistons Would Move In and Out, and their tips would slope to match the contour of 
an object. Their action would tend to center the object on the finger. 

Electrostatic Linear Actuator 
Electrically charged helices would attract or repel each other. ~) 

-------------------------------------~~ NASA's Jet Propulsion Laboratory, Pasadena, California 
A proposed electrostatic linear actuator 

would be made with intertwined dual 
helices, which would hold the charge
bearing surfaces. The dual-helix configura
tion would provide relatively large un
broken facing charged surfaces (and, 
thereby, relatively large electrostatic force) 
within a small volume. The spiral form 
would also make the components more 
rigid. The actuator was conceived to have 
few moving parts and to be operable after 
long intervals of inactivity. 

The actuator would include an inner 
helix on a shaft within an outer helix, re
sembling a lead screw in a loosely fitting 
nut (see Figure 1). However, no rotary mo
tion would be involved. The shaft could 
even be restrained against rotation after in-
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Figure 1. The Inner Helix Would Slide Axially in the outer helix In response to voltages ap
plied to the conductors. 
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Outer Helix 

Insulating Body of 
Inner Helix 

Figure 2. The Inner Helix and Shaft would be pushed to the right when the conductors are 
charged with the indicated polarities. 

itial threading of the helices together duro 
ing assembly. The output motion would be 
purely axial translation of the shaft, within 
the limits of the axial gaps between the 
helices. 

The pitch of the helices would be select
ed to provide gaps large enough to permit 
the full axial translation desired, yet small 
enough to provide adequate electrostatic 
attraction and repulsion. Both helices 
would be made of plastic or other electri· 
cally-insulating material. Both large faces 
of each helix would be covered by conduc
tive films, which would in turn be covered 
by thin insulating films to prevent conduc
tion between facing conductive films when 
the helices touch (see Figure 2). Thus, a 
substantial electric charge could be stored 
in the conductor on each face of each 
helix. 

The placement of charges of the ap
propriate polarities on the conductors 
would cause attractions andlor repulsions 
between the conductors, thereby pushing 
the inner helix along the axis with respect 
to the outer helix. For example, charges of 
the polarities indicated in Figure 2 would 
push the inner helix to the right. The 
general rule of operation is to place op
posite charges (which attract) across a gap 
that is to be shortened, and like charges 
(which repel) across a gap that is to be 
lengthened. 

The inner helix could be held so that the 
outer helix could move, or vice versa. Alter
natively, each could be held and released 
in alternation in synchronization with rever
sals of charges to obtain a ratcheted crawl
ing motion. In an alternative configuration, 
the helices could be replaced by flat sur
faces perpendicular to the axis, reminis-

cent of a parallel-plate capacitor. In that 
case, the actuator would have to be as
sembled by sideways insertion of the shaft 
and its plates into longitudinally split halves 
of the housing and its plates. 

This work was done by Earl R. Collins, 
.Ir., and Kenneth C. Curry of Caltech for 
NASA's Jet Propulsion Laboratory. For 
further information, Circle 7 on the TSP Re
quest Card. 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent 
Counsel, NASA's Resident Office.JPL [see 
page 22}. Refer to NPO-17684 
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Quick Check of Butt-Weld Alignment 
An optical instrument would show whether plates are aligned or offset. 

Marshall Space Flight Center, Alabama 
A proposed tool would measure the align

ments of plates before they are butt-weld
ed. It would provide a nearly instantaneous 
check on alignment, thereby facilitating re
petitive measurements along the length of 
the weld joint. It would also reduce the risk 
of contamination of the weld from dirty 
measuring tools. 

A p:iir of brackets containing optical fibers 
would be clamped or rested on the plates on 

~I/ 

both sides of the joint (see figure). Light 
would be fed into the fiber in the transmitter 
bracket. If the plates were perfectly aligned, 
the light from the transmitter fiber would 
enter the middle fiber in the receiver 
bracket and travel to the middle photode
tector, which would put out a signal indica
tive of alignment. 

If the plates were poorly aligned, light 
from the transmitting fiber would enter an 

Brackets 

/~~j 

upper or lower receiving fiber and would 
impinge on the corresponding upper or low
er photodetector. In this case, a signal in 
the output of the upper or lower photode
tector would indicate misalignment. 

This 'NOrk was done by Matthew A. Smith 
of Rockwell International Corp. for Mar
shall Space Right Center. No further 
documentation is ava';lable. 
MFS-29423 

------...... g } Photod""to~ 

The Middle Photodetector Would Indicate Acceptable Alignment when the position of the transmitter fiber precisely matched that of cen
ter receiver fiber. If the plates were offset, other photodetectors would signal misalignment. 

Hot Wax Sweeps Debris From Narrow Passages 
Loose particles are removed from inaccessible places . ~) 

-------------------------------------~~ Marshall Space Flight Center, Alabama 
A safe and effective technique for the 

removal of debris and contaminants from 
narrow passages involves the entrainment 
of the undesired material in a thermoplas
tic casting material. Devised to clean out 
fuel passages in the main combustion 
chamber of the Space Shuttle main en-
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gine, the technique could also be applied to 
narrow, intricate passages in internal-com
bustion-engine blocks, carburetors, injec
tion molds, and other complicated parts. 

First, the debris are located by radiogra
phy (which detects metal) or infrared im
aging (which detects nonmetallic objects). 

Next, the part is heated to 300 OF (149°C), 
and Rigidax (or equivalent) casting wax, 
melted in a separate vessel at 300 OF, is 

. poured into the passage in sufficient quan-
tity to reach the debris. The part is allowed 
to cool at room temperature so that the 
wax hardens. 
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Semisolid Wax slightly below the melting temperature is pushed along a passage by pressurized nitrogen to remove debris. 

The part is then reheated to a tempera
ture of 250 to 275 of (121 to 135°q, just 
below the melting point, at which the wax is 
semisolid. Pressurized nitrogen is supplied 
to one end of the passage to extrude the 

wax along the passage and out one end, 
carrying the debris with it (see figure). The 
small amount of wax and contamination 
remaining in the part is then removed by 
conventional dewaxing and cleaning pro-

cedures. 
This work was done by Steven K. Ricklefs 

of Rockwell International Corp. for Mar
shall Space Aight Center. No further 
documentation is available. MFS-29462 

Preventing Contamination in Electron-Beam Welds 
~JA simple expedient eliminates time-consuming, expensive manual hand grinding. 

Marshall Space Flight Center, Alabama 
The use of a groove and backup tube 

can greatly reduce postweld cleanup in 
some electron-ooam welding operations. 
The tube-backup method was developed 
for titanium parts, the configurations of 
which prevented the use of a solid-block 
backup. 

Previously, alumina beads were placed 
in the cavity on the root side of the weld to 
absorb the overpenetrating electron beam 
(see figure). The beads, about 0.075 in. (1.9 
mm) in diameter, were pressed against the 
parts so that they were in intimate contact 
with the molten root during welding. As a 
result, many of the beads adhered to the 
root when it solidified. Weeks - some
times months - of grinding by hand were 
needed to remove the beads and the sur
face roughness at the root. Additional 
grinding was needed to remove the rough
ness on adjacent areas of the parts, 
caused by the arcing of the electron beam 
through the beads. 

In the new method, a groove is cut in the 
parts at the root, and a titanium tube, cut 

90 

approximately in half lengthwise, is insert
ed in the groove. The alumina beads are 
packed over the tube in the cavity as be-

OLD 

fore. During welding, the beam blows 
through the tube and into the beads. Now, 
however, the beads do not touch the mol-

NEW 

In the New Welding Configuration (right), a tube is inserted in a groove to prevent contact be
tween the alumina beads and the molten weld root. In the old configuration (left), the root of 
the weld joint between the parts became contaminated with beads. 
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ten root. Moreover, arcing is greatly re
duced because the groove and tube dif
fuse the beam before it reaches the beads. 
When welding is complete and the beads 

and tube are removed, only minor spatter 
remains and can be ground away easily. 

This work was done by Wesley D. Goodin, 
Kevin A. Gulbrandsen, and Carl Oleksiak of 

Rockwell International Corp. for Marshall 
Space Aight Center. For further informa
tion, Circle 152 on the TSP Request Card. 
MFS-29428 

Filter Enhances Fluorescent-Penetrant-Inspecting Borescope 
A slip-on eyepiece suppresses harmful radiation and seals out ambient light. ~) 

---------------------------------------~~ Marshall Space Flight Center, Alabama 
A slip-<xl eyepiece for a commercial ul

traviolet-light borescope reduces both the 
amount of short-wave ultraviolet light that 
reaches the viewer's eye and the apparent 
intensity of unwanted reflections of white 
light from surfaces undergoing inspection. 
The eyepiece fits on the stock eyepiece of 
the borescope, which illuminates the sur
face to be inspected with intense ultraviolet 
light. The surface, which has been treated 
with a fluorescent dye, emits brightijreen 
visible light wherever the dye has penetrat
ed - in cracks and voids, for instance. 

The light source of a borescope gener
ates substantial amounts of undesired 
short-wave ultraviolet (wavelengths less 
than 2,000 A) and visible light along with 
the desired long-wave ultraviolet light, 
2,000 to 3,650 A in wavelength, that stimu
lates fluorescence. The visible portion of 
the extra light reduces contrast so that the 

fluorescence is more difficult to see, and 
the short-wavelength ultraviolet portion is 
harmful to the viewer's eye. It is not prac
tical to filter out the unwanted components 

Stock 
Window Eyepiece 

at the source because the intensity of the 
desired long-wavelength ultraviolet would 
be reduced. 

The new eyepiece contains a deep-yel-
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low Wratten 15(G) filter, which attenuates 
the unwanted light strongly but passes the 
yellow-green fluorescence so that defects 
can be seen clearly. Other filter colors 
were tried, including oranges, reds, and 
greens. Although they attenuated the 
short-wave ultraviolet somewhat, they ad
versely affected the appearance of the 
fluorescent light. The slip-on eyepiece is 

made of standard parts (see figure). It in
cludes a rubber eyecup that shields the 
viewer's eye from the room light. 

This work was done by Orlando G. Molina 
of Rockwell International Corp. for Mar· 
shall Space Flight Center. For further in· 
formation, Circle 49 on the TSP Request 
Card. 
MFS·29379 

Connecting Multiple Wires to a 
Single Through Hole 
A solder cup wou ld make it easier to rework 
printed-ci rcu it boards . 

Marshall Space Flight Center, Alabama 
A small cup would enable more than 

one wire to be soldered to a plated through 
hole in a printed-circuit board. Normally, a 
through hole can accommodate only one 
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~~~rL~\~~~-r-
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Jumper Wires and Leads from components would be joined to a single through hole by a 
solder cup. 
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wire. However, the relatively wide mouth 
of the cup would hold at least three wires 
and connect them electrically through its 
solder contents (see figure). 

Cups of this type could be used on bread
board circuits and on newly-manufactured 
circuit boards. They would be particularly 

useful in the modification of circuit boards, 
where they would serve as convenient at
tachment points for jumper wires and the 
leads of added components. 

The cups would be made of brass plated 
with silver. They would be inserted in eyelets 
or plated through holes and swaged onto 

the boards. 
This work was done by Reuben G. Cortes 

of Rockwell International Corp. for Mar
shall Space Aight Center. No further 
documentation is available. 
MFS-29405 

Automatic Tension Adjuster for Flexible-Shaft Grinder 
A simple pneumatic device reduces wear and increases efficiency. ~) 

-------------------------------------~~ Marshall Space Flight Center, Alabama 
The flexible shaft of a grinding tool is auto

matically maintained in tension by air pres
sure. The probelike tool can be bent to 
reach hard-to-reach areas for grinding and 
polishing. Unless its shaft is held in tension, 
however, it rubs against its sheath, over
heating and wearing out quickly. By taking 

up slack in the flexible cable, the tension 
adjuster reduces friction and enables the 
tool to operate more efficiently, in addition 
to lengthening its operating life. 

For automatic maintenance of tenSion, 
a piston and cylinder are mounted on the 
two-part handle of the tool (see figure). Air 

An Air Supply, in addition to turning the motor of the tool, pressurizes a small cylinder In the 
handle. This puts the flexible shaft in tension, holding the grinding ball on the end of the 
sheath. 

NASA Tech Briefs, March 1990 

bled from the pressurized supply for the 
air-driven motor of the tool pressurizes the 
cylinder, thereby pushing the part of the 
handle that holds the motor axially away 
from the part of the handle to which the 
sheath is attached. The axial separation of 
the two parts of the handle is restrained by 
the tension in the flexible shaft, which pulls 
the bearing surface of the grinding ball 
onto the end of the sheath. The tension re
mains constant even as the bearing sur
face at the end of the sheath erodes. 

An orifice in the piston serves as a con
trolled leak to regulate the pressure on the 
piston. The air that flows through the orifice 
passes into the sheath and along the flexi
ble shaft, thereby cooling it. The air leaves 
the sheath through a small hole near the 
outer end. 

This work was done by Richard K. Burley 
and William S. Hoult of Rockwell Interna
tional Corp. for Marshall Space Aight 
Center. For further information, Circle 90n 
the TSP Request Card. 
MFS-29351 

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. 

Welding and Cutting a 
Nickel Alloy by Laser 

The technique can be 
effective and 
energy-efficient. 

A report describes an evaluation of laser 
welding and cutting of Inconel* 718. The 
report notes that electron-beam welding 
processes have been developed for In-718, 
but they can be difficult to use on large or 
complex structures. laser welding would 
be an attractive alternative if microfissur
ing can be avoided and if the method can 
match the low specific-energy input and 
low thermal distortion of electron-beam 
welding. 

The evaluation included the following: 
• Development of parameters for cutting 
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and welding conditions; 
• Weld ng and cutting test panels on the 

basis of selected parameters; 
• Radiographic, metallographic, and me

chanical evaluations of the test panels; 
• Evaluation of damage on the weld under

bead; and 
• Evaluation of weld-gap tolerance and filler 

requirements. 
The report concludes that laser welding 

Is an effective joining method for In-718 in 
up to V2-in. (1.27-cm) thicknesses. It pro
duces a high joint efficiency (welded joints 
retain about 90 percent of the strength of 
the unwelded alloy) and narrow welds hav
ing high depth-to-width ratio. It requires low 

specific-energy input, and thermal distor
tion is minimal. 

To obtain autogenous welds with good 
bead reinforcement, it is necessary to fit 
together the faying surfaces within 3 per
cent of the thickness of the material. Com
ponents closer than 1 in. (2.54 cm) to the 
underbead can be severely damaged dur
ing high-power welding. 

Furtner development is needed to re
duce porosity defects, particularly in ma
terial one-half in. (1.27 cm) thick. More work 
is also needed to analyze microfissuring in 
restrained weldments. 

Cutting of In-718 by laser is fast and pro
duces only a narrow kerf. The cut edge re-

Advanced coating 
and laminating 

technology 
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Call for our Creden
tials Package. Complete 
confidentiality guaranteed. 

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

laminating precision 
without compromise. 

quires dressing, however, if it is to endure 
fatigue. 
• "Ioconel" is a registered trademark of the 
INCO family of companies. 

This work was done by C. M. Banas of 
United Technologies Corp. for Marshall 
Space Right c.rter. To obtain a copy of 
the report, "Laser Welding and Cutting of 
In-718 Nickel Alloy," Orcle 96 on the TSP 
Request Card. MFS-27208 

Making Fiber·Reinforced 
Metal by Rapid 
Solidification 
The present role and future 
potential of rapid 
solidification are discussed. 

A report highlights the advantages and 
versatility of rapid-solidification technology 
in the fabrication of fiber-reinforced metal
matrix composites. It discusses the pres
ent role and future potential of the tech
nology. It includes tables that compare the 
rapid-solidification methods and provides 
an extensive list of references. 

Regardless of the end proouct - whether 
a flat panel or a turbine blade - compos
ite monotapes are the building blocks from 
which continuous-length, fiber-reinforced 
metal-matrix composites are made. Con
sisting of single layers of continuous fibers 
embedded in metal tapes, monotapes are 
built up and pressed together to form the 
part. 

The report describes a variety of meth
ods for making monotape. Common to all 
is rapid solidification of the liquid metal -
"rapid" meaning cooling rates of 104to 106 

Kls. Among the methods are the following: 
• Powder cloth, 
• Foil/fiber, 
• Plasma spraying, and 
• Arc spraying. 
All of the methods for the fabrication of fi
berlmetal com~ites described in the report 
maintain accurate fiberlmatrix volume pro
portions and accurate distributions of fi
bers. This is a significant advantage over 
such conventional !XJWder-metailurgy tech
niques as extrusion or infiltration of metal. 

This work was done by Ronald D. Noebe 
of Lewis Research Center and Ivan E. 
Locci of Case Western Reserve University. 
Further information may be found in NASA 
TM-101450 [N89-15201), "The Role of 
Rapid Solidification Processing in the 
Fabrication of Fiber Reinforced Metal 
Matrix Composites. " 

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. 
LEW-14918 
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Mathematics and Inlormation Sciences 
Hardware, Techniques, and 
Processes 
95 Autonomous-Control 

Concept for Inst rument 
Pointing System 

100 Automatic Monitori ng of 
Complicat ed Syst ems 

100 Software Model of 
Software-Development 
Process 

101 Markov Chains for Testing 
Redundant Software 

Computer Programs 
69 Algebraic Generation of 

Two·Dlmenslonal Grids 

Autonomous-Control Concept for Instrument Pointing System 
Advanced control adaptation strategies are synthesized. 

NASA 's Jet Propulsion Laboratory, Pasadena, California 
The integrated payload articulation and 

identification system (IPAIOS) is a concep
tual system to control the aiming of in
struments aboard a spacecraft of the pro
posed Earth Observation Systern (EOS). 
The principal features of this concept in-

clude advanced control strategies intend
ed to assure the robustness of perform
ance over a wide range of uncertainties in 
the characteristics of the spacecraft and 
instrument system. Though intended origi
nally for application to a spacecraft sys-

tem, the I PAl OS concept has potential utili
ty on Earth; for example, the automatic 
control of autonomous (robotic) vehicles or 
of remote sensing systems. 

ON·ORBIT IDENTIFICATION OF STRUCTURE, 
PAYLOAD, AND DISTURBANCE DYNAMICS 

Increase 
Performance 
Weighting q 

Spectral 
Estimat ion 

Increase 
Robustness 
Weighting p 

ON·L1NE ROBUST CONTROLLER MODIFICATION 

The basic problem is to aim multiple in
struments simultaneously at targets of op-
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ON-LINE TUNED MULTIVARIABLE CONTROLLER 

The IPAIOS Concept has a hierarchical structure that incorporates advanced control concepts. 
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portunity. These instruments will have to 
function accurately in an environment of 
dynamic disturbances, including structural 
vibrations. Moreover, the instruments sup
ported by their articulation devices and 
structures are dynamically complex and in
teractive. The control system must be high
ly accurate and capable of robust adapta
tion to the dynamics of various scenarios, 
to poorly predicted interactions between 
instruments and the rest of the dynamic 
system, and to limitations of mathematical 
mcx:leIs of the system and of tests performed 
on the ground. 

of strategies for modification and tuning: (1) 
detection of the predicted operating re
gime change and insertion of robust con
troller predesigns; (2) on~rbit identification 
of the parameters and other features of the 
mathematical mcx1eI of the system, with en
lire rOOust cootroller redesign; and (3) rnc:x:} 

em indirect adaptive cootrol. These func
tioos are coordinated to provide maximum 
performance under a variety of operational 
scenariOS, depending on the degree of per
formance desired and the relative degree 
of time criticality involved. In particular, 
predesigned changes in the robust con
troller are adequate in scenarios where im
mediate control-modifying actions are re-

The IPAIDS controller-adaptation fea
ture is provided by the follO'Ning hierarchy 
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Radiography is just one of the many applications possible 
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quired but where high performance is not 
crucial. In contrast, scenarios that require 
high performance but allow sufficient time 
for testing and computation invoke the on
orbit identification and on-line robust con
troller redesign function. Finally, situations 
critical in both time and performance re
quire a modern indirect-adaptive-control 
approach. 

The Integrated Identification and Con
trol system contains and updates program
mable parameters that are used by the 
Control sUbsystem software and hard-Nare. 
The active elements include a parameter
identification function, a model-adjust func
tion, and a control tuning function. 

The figure portrays autonomous on
orbit identification in support of robust 
controller tuning. The approach utilizes a 
combination of parametric and non-para
metric identification techniques in con
junction with control strategies that incor
porate H2-based tuning heuristics. These 
heuristics allow for intelligent tradeoffs to 
be made between control-system perform, 
ance and robustness with respect to con
fidence levels of the identified parameters. 
The flow diagram depicts this identifica
tion-control paradigm and the multi-input, 
multi~utput controllers for carrier-vibra
tion suppression and science-payload ar
ticulatiOn/pointing control. 

The integration of system-identification 
and advanced control technologies opens 
the way for new strategies in autonomous 
operations. The function space of time 
criticality and plantlenvironment uncer
tainty vs. performance is more completely 
mapped by these methods, which offer the 
system designer an extended range of 
control capabilities. 

This work was done by Edward Mettler, 
Mark H. Milman, and David S. Bayard of 
Galtech for NASA's Jet Propulsion lab
oratory. For further information, Ore/e 107 
on the TSP Request Gard. NPO-17521 

Build Your Own 
Space Shuttle 

This In2 scale model of the space shuttle 
Discovery features a huge 13" wingspan and in· 
cludes engraved tile detail. movable rudder and 
flap, authentic NASA decals, adjustable 
manipulator arm, opening cargo bay doors, and 
detailed Spacelab payload. Molded in white. Kits 
are $22.95 each + $3.50 postage and handling. 
(NY residents add sales tax.) Send check or 
money order to: I'IASA Tech Brief., 
Dept. F, 41 East 42nd St., New York, 
l'IY 10017. For credit card orders, call 
(800) 258·0201 (NY .tate: 212-490-3999). 
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For over twenty years BMDP has been regarded as the most reliable and complete 
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Automatic Monitoring of Complicated Systems 
Computers can perform routine analysis of operations, 
alerting human operators to signs of trouble . 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A collection of computer programs is 
being developed for an expert computer 
system that will perform the complicated, 
tedious, and repetitive portions of the anal
ysis of telemetry data from spacecraft. By 
relieving human operators of these tasks, 
the system will not only provide nonstop, 
accurate surveillance of the incoming data 
but will also free the operators to concen
trate their expertise on unexpected, abnor
mal operating conditions. The general soft
ware concept has obvious potential for use 
in such terrestrial systems as production 
lines, power-ciistribution networks, chemi
cal processes, large airplanes, and other 
assemblies of interdependent equipment. 

The prototype system (see figure) per
forms real-time verification of all incoming 
data. When the system is unable to explain 
discrepancies with certainty as resulting 
from data out of synchronization or other 
false-alarm conditions, the system triggers 
alarm devices to request assistance from 
designated individuals. 

The system incorporates a knowledge 
base, currently estimated to contain sev
eral hundred relevant facts and rules for 
performing the analysis. The system also 
contains a powerful inference engine 
(software for performing reasoning and 
logical deduction). The system incorpo
rates standard programs for the proc
essing of numbers, for which expert-sys
tem/artificial-intelligence techniques are 
unsuitable. The system can be overriden 
by individuals with appropriate knowledge, 
experience, and permission to do so. 

The system is implemented hierarchi
cally by use of a commercial expert-sys
tem-shell computer program that serves 
as the framework for the knowledge-oosed 
portion of the system. One top-level C pro
gram accepts the incoming data through a 
serial input port and buffers the data for 
use as needed. Another top-level program 
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The Prototype System monitors incoming data and compares them to simulated data that 
have been adjusted to reflect recent and unsimulated real -time commands. 

both receives data from the telemetry-sim
ulation facility and accepts, from an opera
tor keyboard, input containing information 
on real-time commands that have been is
sued and that are not accounted for in sim
ulation. 

The two top-level programs feed 
streams of actual and simulated data to the 
knowledge-based kernel of the program, 
which resides at the second level of the 
hierarchy. The knowledge-based kernel 
calls lower-level algorithmic routines as 
they are needed to process numbers. The 
results are returned to the kernel from the 
lower-level routines. These results con
stitute additional inputs that, in conjunction 
with production rules, assist the knowl-

edge-based kernel in producing an analy
sis for each line of real-time telemetry. 

The hierarchical organization of this pro
gram provides for automated supervision 
of the analysis process. For the longer 
term, this organizational modularity will 
also enable integration of the prototype 
system into a larger future system of co
operating experts that will be responsible 
for a larger set of monitoring and mainten
ance tasks. 

This work was done by Ursula M. 
Schwuttke of caltech for NASA's Jet Pro
pulsion Laboratory. For further informa
tion, Circle 11 on the TSP Request card. 
NPO-17409 

Software Model of Software-Development Process 
Costs, times, and other quantifiable attributes of 
development of large computer programs are estimated. 

NASA's Jet PropulSion Laboratory, Pasadena, California 
A collection of computer programs con

stitutes a software tool for the simulation of 
medium- to large-scale software-develop
ment projects. The tool is intended to aid 
managers in planning, managing, and con
trolling software-cievelopment processes 
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by reducing the uncertainties in budgets, 
required personnel, and schedules. 

To make an adequate mathematical mod
el of a complicated development process, 
it is necessary to quantify characteristics 
that are usually difficult to quantify and/or 

identify, like human factors and feedback 
loops. Of course, it is also necessary to in
clude easily identifiable and more-readily 
quantifiable characteristics like costs, 
times, and numbers of errors. A mathemat
ical model that incorporates these and 
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other factors of the dynamics of the soft
ware.oevelopment process is implement
ed in the Software Ufe Cycle Simulator 
(Sues) computer program. 

sues is composed primarily of staff, 
product, and budget subsystems. The staff 
subsystem models the functions that de
termine the required level of the work 
force. The product subsystem models the 
functions that describe progress in devel
oping the software product. These func
tions are determined by the productivity 
and the rework activities that are needed 
when requirements are changed or errors 
are detected. 

The budget subsystem includes func
tions that model various expenditures and 
the total cost in relation to the available 
budget. The budget subsystem controls 
both the staff and the product subsystems 
according to the status of the budget. The 
staff and product subsystems are linked 
through information on the assignment of 
personnel and through the status of prog
ress toward the completed product. 

sues is integrated with an input expert 
system, an output expert system, and a 
knowledge-based management system, 
to obtain the overall software collection 
called the Hybrid Expert Simulation Sys
tem (HESS) for software.oevelopment 
processes (see figure). The input expert 
system (IES) verifies the compatibility of 
the components of the input vector. The 
IES alerts the user to any erroneous input 
vectors before the vectors are inserted into 
sues. The IES also makes recommenda
tions as to which components of the input 
vector should be altered. 

The output expert system makes recom
mendations regarding the software.oevel
opment process, based on analysis of the 
output from sues, the characteristics of 
the input vector, and, if applicable, the 
characteristics of the initial design of the 
software.oevelopment process undergo
ing simulation. The output expert system 
also suggests how to alter the input vector 
to make the recommendations more de
sirable. 

The knowledge-based management sys
tem is a data-based management system 
composed of knowledge-based records. 
Each knowledge-based record is com
posed of a vector of input data (Le., input 
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SLiCS simulates the dynamics of a software-development process. In combination with in
put and output expert software systems and a knowledge-based management software 
system, it develops information for use in managing a large software-development project. 

vector) and its respective set of recom
mendations. After each simulation run, the 
user decides whether to add the resulting 
knowledge-based record to the knowl
edge-based management system. 

In combination with the other programs 
in HESS, sues can be used for any or all of 
the following: 
• To test various management actions, 

policies, options, and procedures; 
• To test the impacts of various assumr:r 

tions, scenarios, and environmental fac
tors on the software-development proc
ess; 

• To predict the consequences of manage-

ment actions on the interrelationships 
among components and flo.vs of the soft
ware-development process; and 

• To examine the sensitMty of the software
development process to various internal 
and extemal factors. 
This work was done by Chi Y. Un and 

Debra J. Synott of Caltech and Reuven R. 
Levary of St. Louis University for NASA's 
Jet PropulSion Laboratory. For further In
formation, Orele 101 on the TSP Request 
Card. 
NPO-17424 

Markov Chains for Testing Redundant Software 
The reliability of multiple-version process-control software is verified . 

Langley Research Center, Hampton, Virginia 
A preliminary design has been devel

oped for a validation experiment (actually, a 
numerical simulation) that addresses prob
lems unique to assuring the extremely high 
quality of multiple-version programs in 
process-control software. In addition, the 
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approach takes into account the inertia of 
the controlled system in the sense that it 
can take more than one failure of the con
trol program to cause the controlled sys
tem to fail. 

The verification procedure consists of 

two steps: experimentation (that is, numeri
cal simulation) and computation, with a 
Markov model for each step. The experi
mental step consists of running the pro
grams through many simulated missions 
and recording the states of the programs 
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for each iteration of the control loop. The 
states in the Markov chain represent the 
number of programs that give correct 
answers during the current iteration of the 
control loop, and the transitions are the 
probabilities of changing states for the next 
iteration. The estimates of the transition 
probabilities, together with confidence 
limits, result from an analysis of these data. 

This procedure makes no assumptions 
about independent failures of the pro
grams. It includes the effect of the operat
ing environment where the next input is a 
function of external forces (or the mathe
matical equivalent of forces) and previous 
control reactions. It captures the possible 
lingering effect of a previous failure of a 
program and the possible effect of an input 
region on such a failure. 

The computational step modifies the 
Markov chain used in the experimental 
step by adding more states and rearrang
ing some of the transition probabilities. The 
additional states express the fact that it is 
necessary for the majority of programs to 
fail several times in a row before the con
trolled system is finally made to fail. The 
values for the transition probabilities are 
those determined by the experiment, but 
they occur somewhat differently in the 
structure of the new chain. The probability 
of the failure of the system due to faults in 
the multiple-version software is computed 
from this modified model. 

Although the actual operation is carried 
out as described, the pre-experimental 
design phase proceeds in reverse order. 
An analysis of the second Markov model 
reflecting the inertia of the controlled sys
tem is made to determine what values of 
transition probability give the required re
liability. In general, confidence intervals de
pend on the number of trials. Because one 
of the goals is a procedural efficiency 
greater than that of natural life testing, this 
number is chosen so that the increase in 
efficiency is about one order of magnitude. 

The most important aspect of this tech
nique is that the approach offers an effi
cient method for verification of the reliabili
ty of multiple-version control software with 
no assumption of the failures of independ
ent programs. It includes a confidence 
level and realistically includes the effect of 
the control environment on the reliabilities 
of programs. 

This work was done by Allan L. White of 
Langley Research Center and Jon A. 
Sjogren of the U.S. Army Avionics Re
search and Development Activity. For fur
ther information, Circle 25 on the TSP Re
quest Card. LAR-13812 

Are you read1n8 
someone else'. copy? 
Get your own copy by filling in 

the qualification form bound into 
this issue. 

NASA Tech Briefs, March 1990 



INTERNATIONAL 

Robots & 
Vision 
AUTOMATION 
SHOW & CONFERENCE 

nrill" 
Robotic Industries Association 

National Service Robot Association 

.AIA 
Automated Imaging Association 

(formerly Automated Vision Association) 

Call or write now for your free show tickets. Be sure to 
ask for full details on America's most comprehensive 

Robots and Machine Vision Conference. 
Contact: Automation Show, 7901 Westpark Drive, 

McLean, VA 22102. (703) 827-5299. 
Circle Reader Action No. 456 
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New on the Market 

The DL6024 data acquisition sys
tem from Lucas Industrial Instru
ments, Severna Park, MD, provides 
multichannel sampling capability in 
one module, enabling higher chan
nel density per system at a lower 
cost per channel. Designed for ap
plications requiring 72 dB dynamic 
range and low distortion, the 
DL6024 can sample at speeds up to 
100 MHz and synchronously 
sample up to 200 channels. 
Circle Reader Action Number 778. 

The new PtSi infrared imaging sys
tem from Eastman Kodak Com
pany's Federal Systems Div., Roch
ester, NY, features a detector array 
with 640 x 486 pixels, signal pro
cessing electronics for 30 frames! 
sec. imaging, 12 bit digital output, 
and freeze frame capability. The 
PtSi camera is available in a liquid 
nitrogen Dewarconfiguration offer
ing more than eighthours hold time, 
or in a closed-cycle Stirling cooler 
configuration that accomodates 
application-specific filters. 
Circle Reader Action Number 780. 

PIAB Vacuum Products, Hingham, 
MA, has introduced a new line of 
compact vacuum pumps for such 
applications as part handling, pack
aging, lifting, and suctioning opera
tions. Designed with a unique multi
ejector system that minimizes air 
consumption and increases effi
ciency, the pumps can reach suc
tion capacity ranges up to 900 scfm 
with a minimal amount of energy. 
They contain no moving parts, gen
erate no heat, and are whisper 
quiet. 
Circle Reader Action Number 788. 

WaferScale Integration Inc., Fre
mont, CA, has introduced the indus
try's fastest 1-megabit word-wide 
CMOS EPROM, with access times 
of 120 to 200 ns. When used with 
16- or 32-bit bus microprocessors, 
the word-wide architecture of the 
WS27C21 OL offers a 16 to 38 per
cent reduction in board space re
quirements compared to byte-wide 
solutions. The new EPROM enables 
microprocessors such as Intel's 
80386 and Motorola's 68040 to 
incorporate operating systems and 
applications software into EPROM, 
eliminating tedious downloading 
into RAM. It is also suited for non
volatile program storage in embed
ded control applications such as 
laser printers and te lecommunica
tionsequipment. Packaging options 
include CERDI P, plastic leaded 
chip carrier (PLCC), ceramic 
lead less chip carrier (LCC), and the 
ceramic leaded chip carrier 
(CERQUAD). 
Circle Reader Action Number 782. 

The S series of power supplies from 
the Sorensen Company, Chicago, 
IL, features models with one to five 
outputs and power levels of 500, 
750, 1000, 1250, 1500, and 2000 
watts. The devices have a power 
MOSFET design for high reliability 
and higher efficiencies, and a modi
fied forward converter topology that 
eliminates inverter transformer core 
saturation and permits fast load re
sponse. The "S" series operates at 
switching frequencies up to 144 
kHz . 
Circle Reader Action Number 784. 

Plus 5, Santa Monica, CA, has intro
duced a credit card sized memory 
card that records and stores up to 
1024KB with an access time better 
than 160 nanoseconds. Called the 
PCard, the TIL-compatible device 
is available as SRAM, EPROM, and 
EEPROM and can be used with the 
IBM PC/AT bus or an RS232 inter
face. Applications include hand
held terminals, data acquisition, 
process control, and portable com
puterized stock control systems. 
Circle Reader Action Number 786. 
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New on the Market 

The LAD large area display system 
from Greyhawk Systems Inc., Milpi
tas, CA, offers 7500 x 5000 pixels 
resolution, 1500 lumen light output, 
and flicker free, full continuous tone 
color images. It accepts industry
standard raster and vector data for
mats and features a screen two 

Image Analyst™ 7.1, a new image meters high by three meters wide. 
processing and analysis software Based on Greyhawk's proprietary 
package from Automatix Inc., Bill- Liquid Crystal Light Valve (LCL V) 
erica, MA, features a graphical user technology, the LAD system is ideal 
interface designed to reduce train- for applications involving the dis
ing and support costs, a menu struc- play of high information content 
ture that enables applications to be images, such as mapping, com
installed without programming, and mand and control, network man
a standard computer platform for agement, 3D modeling, spatial light 
increased performance with third- modulator systems, printed circuit 
party products. The software out- board fabrication systems, and 
puts dimensional and process data color printers. 
in spreadsheet format for si mpl ified f-.::::!!.::~~~::,,:,:A:,::ct~i=o=n=N=u=m=b~e:::.:r....:7~9:...:4:!.' -l 
analysis. Image Analyst runs on a 
Macintosh-based workstation and 
is available on factory-hardened 
Autovision 90 platforms-for prod
uct inspection, gauging, and flaw 
detection. 
Circle Reader Action Number 796. 

VOYAGERTM, a new x-ray mi
croanalysis system from Tracor 
Northern Inc., Middleton, WI, fea
turesan integral SPA RC-based work
station, UNIX multitasking operat
ing system, high-re~olution moni
tor, and windowing display capa
bility. The new system includes the 
Proza™Microvolume analysis pro
gram, for improved resolution and 
extended spectral range, and the 
LabnoteT" report generation pro
gram which enables users to pro
duce custom reports combi n i ng text 
with tabular data, spectral data, and 
images directly from VOYAGER 
screens. Output is via a laser printer. 
Circle Reader Action Number 798. 

The VP-3500 video printer from 
Seikosha America Inc., Mahwah, 
Nj, produces 64-tone gray-scale 
prints with a resolution of up to 1280 
lines and a line rate high enough to 
satisfy MR, CT, and Cath Lab re
quirements. Designed for business, 
scientific, engineering, and medical 
applications, the VP-3500 requires 
no software and produces hardcopy 
printouts from most video monitors 
that display data from imaging sys
tems, microscopes, PCs, optical 
disk systems, or virtually any device 
with a video output. The VP-3500 
retails for $6700. 
Circle Reader Action Number 800. 
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Spectrum Coatings Laboratories 
Inc., Providence, RI , has introduced 
a series of chemical- and corrosion
resistant epoxy primers for treated 
and untreated metal surfaces. 
Suited for marine, aviation, indus
trial , and transportation applica
tions, the Series 1 006 epoxy primers 
protect against the effects of salt 
spray, humidity, solvents, oils, and 
hydraulic fluids. The two-compo
nent primers are formulated to ac
cept all industrial and military 
specification topcoats and can be 
applied with electrostatic or high
volume, low-pressure (HVLP) spray 
equipment. They allow a recoat 
time of 60 minutes and cure cycles 
at ambient or elevated tempera-

Intech Corp., Fort Lee, Nj, has intro
duced Magnet Quick, an automatic 
recharging device that instantly 
restores full magnetic power to a 
variety of tools. Magnet Quick first 
neutralizes any residual magnetism 
in the tool to create a reservoir ca
pacity that can accept a full mag
netic charge. A new charge is then 
held to ensure optimum magnetic 
performance. 
Circle Reader Action Number 792. 

INTENSIFY THE BRIGHTNESS AND 
ACCURACY OF YOUR LAMP 

At Carley, we design and manufacture quality lamp
reflector combinations. Specializing in Specular 
Reflectors (COllimated, tight beam) and Diffuse Reflec
tors (wide soft spot) with or without prelocused lamps. 
Computer controlled CNC equipment allows lor Para
bolic, Ellipfical and Hybrid .0005 accuracy on plastic 
and metal reflectors. 
Complete service capabilities: Design' Prototypes' 
TestmQ • Manufacturrng • Injection Molding· Vacuum 
Metahzing • Assembly • Prefocusing • Estimates 
invited. Send for literature. 

CA=lLiC'!LArn?) 
1502 West 228th Street, Torrance, CA 90501 

(213) 325-8474 FAX (213) 534-2912 

LIFE - SAVING 
PRESSURE 
SNUBBER 

AcluolSize 

Guard against damaging pressure transients. 
Lee's new Micro Damp ™ snubber extends 
the life of valuable pressure measurement 
instruments, and is so small it can be installed 
directly into the sensing port of a transducer. 

For a simple method to determine the right 
Micro Damp for your application. see section 
K in the Lee Technical Hydraulic Handbook. 
or send for your copy today. 

The Lee Company 
2 Pettlpaug Road 
Westbrook. CT 06498 
Tel: (203) 399-6281 
Fax: (203) 399-7058 
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Small size and precision construction 
for innovative solutions to your motion 

control needs. 
• VR and Permanent Magnet 
• Can be customed to your applica

tion mechanically and electrically 
• Manufacturing and Quality 

Assurance Programs 
within requirements 
of MIL-I-4520BA 
& NASA 5300.4 (tC) 

E) 

• Size from .75" to 2.0" diameter. . . 
Step angles from 1.8 0 to 900 

• Ideal for medical instru
mentation, test equip
ment, precision 
optical devices. 

AMERICA PRECISIO INDUSTRIES 
MOTION CONTROL GROUP 

R.pldsyn Division 
3229 Roymar Road 
Oceanside, CA 92054 
(619) 439-7500 
FAX: (619) 722·5428 

Circle Reader Action No. 329 

Noncontact measurement 
with submicroinch resolution 
With resolution better than .000001 inch, our fiber-optic and 
capacitive displacement measurement systems provide 
repeatability and accuracy for: 

o Vibration and modal analy es 
o Runout and bearing studies 
o Gap and positioning control 
o Thickness measurement 

MTI noncontact measurement 
systems give you design 
flexibility: 

o No mass loading or 
target damage 

o Frequency response 
from dc to 500 kHz 

o Linearity±O.l% 
of full scale 

o Range to 0.5 in. 

MTllnstruments 
Pioneers in Sensor 
Technology 

1-800-342-2203 

AliI.., 
OMSION OF MEOiANCAL TECHNOlOGY NC 

968 Albany-Shaker Road 
Latham, NY 121 IO 
(518) 785-2211 
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New Literature 

Edwards High Vacuum IntI. , 
Wilmington, MA, is offering a free 
250-page catalog on its complete 
line of vacuum components and 
systems. Products include me
chanical rotary pumps, Drystar® 
oil -free pumps and systems, mag
netically-levitated turbomolecular 
pumps, pressure and flow control 

A four-page color brochure from 
Innovative Imaging Systems Inc., 
Cleveland, OH, illustrates the Vol
umeView™ family of industrial com
puted tomography x-ray inspection 
systems for rapid, nondestructive 
3D inspection of manufactured 
parts. The systems can acquire and 
reconstruct 3D volume 512 x 512 x 
512 points in 120 seconds, with 
spatial resolutions from 0 .005" to 
0.05". Benefits include reduced 
inspection costs, rapid comparison 
of part dimensions, in-process veri
fication to production standards, 
automatic flaw detection, and real
time production line inspection 
capability . The modular units con
sist of a host computer and data 
acquisition, image reconstruction, 
and operator interaction subsystems. 
Circle Reader Action Number 712. 

instrumentation, thin film deposi- !--------------j 
tion systems, leak detection sys-
tems, and industrial and laboratory 
freeze dryers, valves, and fitti ngs. 
Circle Reader Action Number 702. 

The 1990 PC Data Acquisition Cata
log from ADAC, Woburn, MA, fea
tures a variety of PC/XT/AT/386 
compatible products, including 
plug-in I/O boards, I/O subsystems, 
industrial PCs, signal conditioning 
products, and data acquisition and 
control software. Available free of 
charge, the catalog contains techni 
cal papers on such topics as gain 
and system resolution, signal condi
tioning solutions and techniques, 
and networking PC-based data ac
quisition systems. 
Circle Reader Action Number 710. 

Shiti!I:su 
, 5 

-"'-__ TWla....n 

Shin-Etsu Silicones of America Inc., 
Torrance, CA, has published a 20-
page product guide on one- and 
two-component RTV silicones. The 
guide describes 43 products com
plete with cure systems, colors, and 
technical specifications such as 
specific gravity, tensile and dielec
tric strengths, elongation, viscosity, 
bond strength, temperature and 
chemical resistance, and resiliency. 
It also provides a brief background 
on the company, as well as informa
tion on one-part primers, two-part 
mixing procedures, and applica
tions for both one- and two-part 
RTV's. 
Circle Reader Action Number 708. 

A new brochure from Concurrent 
Computer Corp., Westford, MA, 
describes the company's real-time 
signal acquisition and analysis 
products. The eight-page brochure 
highlights the company's two prod
uct lines: the real -time UNIX Series 
6000 with Motorola 68030 CPUs, 
and the Series 3200 with 05/32 op
erating system, both of which fea
ture multiple processors and buses. 
The publication also features third
party hardware and software prod
ucts and provides case histories in 
speech processing, radar, and un
derwater acoustics. 
Circle Reader Action Number 704. 

A new line of aerosol and coating 
products for construction, industrial 
maintenance, and field service ap
plications is described in an eight
page bulletin from Panduit Corp., 
Tinley Park, IL. Product highlights 
include electrical/electronic clean
ers, electrical sealants, greases, 
lubricants, and coatings. Most Pan
duit aerosols contain no fluorocar
bons; they use carbon dioxide as 
propellant. 
Circle Reader Action Number 706. 
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New Literature 

A free 300-page ca ta og from Na
tional Instruments, Austin, TX, de
scribes the company's line of hard
ware and software products for en
gineering and scientific applica
tions. The full-color catalog is di
vided into four product areas: appl i
ca tion software, GPIB interfaces, 

Trek Inc., Medina, NY, has pub
lished a 36-page catalog describing 
the company's line of high voltage 
operational amplifiers and sup
plies, non contacting electrostatic 
voltmeters, and static measure
ment and control products. The 
brochure I ists specifications, appli
cations, and general product data 
- including power requirements, 
operating conditions, and dimen
sions. lt also includes product selec
tion charts and a special services 
section describing Trek's custom 
design and private labeling ser-

data acquisition, and VXlbus. A new 1--"::':"=':'::"':==:":":'::":::":=":"'=;==":-=-":""1 

products section includes CPIB-to
serial and CPIB-to-parallel con
verter boards; CPIB interface kits 
for Apollo workstations; a five-slot. 
portable VXI chassis; a low-cost 
multifunction board for PC/XT/AT 
and compatibles; and two high-per
formance boards for the Macintosh 
II Nubus. 
Circle Reader Action Number 726. 

Data Translation, Marlboro, MA, is 
offering two free handbooks that 
describe its data acquisition and im
age/array processing products on 
IBM PCs, PS/2, Macintosh II, and 
other popular microcomputers. The 
1990 Data Acquisition Handbook 
and Image Processing Handbook 
detai l more than 600 boards, soft
ware packages, and accessories. 
They contain data sheets, product 
summary tables, application stories, 
and ordering information, as well as 
technica l articles covering image 
processing and data acquis ition 
from the basics to the state of the art. 
Circle Reader Action Number 718. 

Ceramic Source '90, a reference 
guide for the ceramics field, is 
avai lable from the American Ce
ramic Society Inc., Westerville, 
OH. The guide consists of a product 
directory featuring raw materials! 
ceramic powders , production 
equipment, coatings and fi nishings, 
testing and eva luation, and ceramic 
components and devices; a list of 
organizations, their services, and 
key contacts; a product tradenames 
section; a technical data section 
providing tables on recently pub
lished ceramic properties; and an 
internationa l company directory 
with more than 3500 listings. 
Circle Reader Action Number 716. 
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Combat®boron nitride (BN), a syn
thetic ceramic material that resists 
temperatures up to 3000° C and has 
a dielectric strength of 2300 volts 
per mil, is described in a 12-page 
brochure from the Carborundum 
Company, Niagra Falls, NY. The 
brochure details the electrical , 
mechanical, thermal, and chemica l 
properties of Combat BN in solid 
shapes, powders, coat ings and 
aerosol sprays. Combat BN machin
able solids are used in electronic 
applications such as heat sinks, 
sputteri ng targets, and electri ca l 
insulators, while Combat BN pow
ders, are used as resin add itives to 
increase the thermal and electrica l 
properties without abrading deli
cate electronic components. 
Circle Reader Action Number 720. 

A 64-page catalog from Eurotherm 
Corporat ion, Reston, VA, features 
temperature and process con
trollers, programmer/controllers, 
power control products, indicators 
and alarms, and system products. 
Each product section begins w ith a 
tutorial, applications data, a glos
sary, and product selection guides. 
Circle Reader Action Number 714. 

Get access to the world's 
largest in-stock inventory of 
CERAMIC TO METAL COMPONENTS. 

Ceramasealleads the industry with more ceramic to 
metal components in stock than anyone else in the world. 
And if you can't find what you need in our 176-page catalog , 
we can give you unmatched experience in designing and 
manufacturing custom products to meet your specific needs. 

Call Today! 

(518) 794-7800 Telex 14 5442 FAX (518) 794-8080 

Circle Reader Action No. 415 

PRA/RELIABILITY 
ENGINEERS 

In the areas of reliability and probabilistic risk assess
ment methods, we are seeking a seasoned professional 
who wants to be part of our operating nuclear station 
currently striving for an Individual Plant Examination. 
Senior engineers are encouraged to apply, however the 
minimum requirements area Bachelor's in Engineering 
and 2-3 years of experience in at least one of the follow
ing areas: 

• Fault tree development and systems analysis using 
CAFTA or other similar programs 

• Equipment reliability and data analysis 
• Human reliability analysis 
• Level I or 2 PRA containment analysis using MAAP, 

CONTAIN, or other similar analysis programs 
Nuclear operations or design engineering experience is 
highly desirable. 

We offer a competitive salary and benefits package, in
cluding an attractive relocation plan. To apply, send 
resume and salary requirement to: GULF STATES 
UTILITIES COMPANY, Employee Relations, River 
Bend Station, P.O. Box 220, St. Francisville, LA 
70775. An Equal Opportunity Employer M/FIHIV. 

~ GULF STATES 
~ UTILITIES CO. 
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Now you can accurately measure 
temperature from -5f? C to 350f? C 
without contact! 

Choose from two new 
Mikron infrared tempera
ture transmitters - the 
M21 OLS or the M77LS -
specifically designed for 
research and laboratory 
applications. Their 
through-lens sighting and 
variable focussing features 
permit precision pinpoint
ing of the target area. 

M210LS is a broad 
temperature range system covering temperatures 
from -50°C to 2500°C. The M77LS transmitter is a 
high temperature 2-color instrument that is inde
pendent of emissivity and covers ranges from 550°C 
to 3500°C. 

Both systems are available with an auxiliary 
electronics processing module, or can be connected 
to your existing controls. Send today for more 
information. 

MIKRON INSTRUMENT COMPANY, INC. 
445 W. Main St., Wyckoff, NJ 07481 U.S.A. 
Tel. 201-891-7330· FAX: 201-891-1205 
TELEX: 361870 • TOLL FREE HOT-LINE: 800-631-0176 

Circle Reader Action No. 390 

Pressure 
Regulators 
Specializing in: 
• Medium to High 
Pressures 

• High Purity 
Applications 

• Corrosive Media 
and Environments 

Demanding appli
cations call for 
Tescom pressure 
regulators. Choose 
from hundreds of 
standard models with 

literally thou-
sands of available modifications 
for special or one-of-a-kind applica
tions. Send for a free 12-page color 
brochure describing our entire line. 
Or, write explaining your applica
tion requirements and we'll send 
you complete specifications on 
recommended models . 

U~~~~~ 
PRESSURE CONTROLS DIVISION 

12616 Industrial Blvd., Elk River, Minnesota 55330 (612) 44) -6330 
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See us at Pittsburgh Conference - Booth 1046 
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A 
ACTINOMETERS 
F ,eld"nduced·gap 
Infrared detectors 
page 32 NPO·17526 

DiagnoSIs 01 a 
pressure-modulator· 
radiometer cell 
page 63 NPO·17528 

ACTUATORS 
Electrostatic linear 
actuator 
page 87 NPO'17684 

ADAPTIVE CONTROL 
Adaptive-control 
experiments on a large 
flexible structure 
page 78 NPO-17478 

ADHESIVES 
Epoxies bond 
waveguides to flanges 
page 40 NP0-17497 

AIRCRAFT NOISE 
Stowable mechanical 
sound suppressor 
page 86 LAR'141sa 

ALGEBRA 
Algebraic generation of 
two-dimensional grids 
page 69 LAR·13800 

ALIGNMENT 
Oulck check of butt· 
weld alignment 
page 89 MFS·29423 

ALUMINUM 
GRAPHITE 
COMPOSITES 
Lightweight. thermally 
conductive composite 
material 
page 66 LEW·14814 

AMPLIFIERS 
32·GHz wideband 
maser amplifier 
page 38 NPO·17558 

SUb)8Cllnd81 

ANTENNAS 
Wideband microstrlp 
antenna·feeding array 
page 26 NPO-17548 

ARRAYS 
Wideband mlcrostnp 
antenna-feeding array 
page 26 NPO-17548 

ARTIFICIAL 
INTELLIGENCE 
Automalic monitoring 
of complicated 
systems 
pege 100 NPO·17409 

B 
BACKUPS 
Preventing 
contamination in 
electron·beam welds 
page 90 MFS·29428 

BEARINGS 
Rolling·contact spalling 
in bearings 
page 81 MFS·27201 

BOUNDARY LAYER 
TRANSITION 
Detecting boundary' 
layer transition in cold 
environments 
page 76 LAR·13830 

Bun JOINTS 
Quick check 01 butt· 
weld alignment 
page 89 MFS·29423 

c 
CERAMICS 
Tribological properties 
of ceramics 
page 67 LEW· 14833 

CIRCUIT BOARDS 
Connecting multiple 
wIres to a single 
through hole 
page 92 MFS·29405 

CIRCUITS 
Concept for generation 
01 long Pseudorandom 
sequences 
page 50 NPO-17241 

COMBUSTION 
CHAMBERS 
f'Ilrspective on dilution 
Jet mixing 
page 83 LEW·14614 

COMPOSITE 
MATERIALS 
lightweight. thermally 
conductive composite 
material 
page 66 LEW·1 4814 

Making liber·reinforced 
metal by rapid 
SOlidification 
page 94 LEW·14918 

COMPUTER 
PROGRAMS 
Numerical analysis of 
Ilows with FI DAP 
page 84 MFS·27219 

CONTAMINANTS 
Hot wax sweeps debris 
from narrow passages 
page 89 MFS·29462 

CONTROL 
Autonomous-control 
concept for instrument 
pointing system 
page 95 NPO-17521 

CONTROLLERS 
Disturbance· 
accommodating 
controller would aim 
antenna 
page 42 NPO·17631 

Programmable direct· 
memory-access 
controller 
page 54 NPO-17341 

COORDINATES 
Algebraic generation of 
two-dimensional grids 
page 69 LAR·13800 

CRYOGENIC WIND 
TUNNELS 
Delecting boundary· 
layer transition in cold 
environments 
page 76 LAR·13830 

Classilieds 
Classified advertising rates and specifications are as follows: 
Set in 8 point light typeface, with up to five words at beginning 
of copy in bold caps. Count box numbers as six words. 

50 words or less ... . ...... . .............. . ...... $ 180 
100 words ...... .. .. . ........................... $ 250 

Check or money order must accompany order to: Classified 
AdvertiSing Manager, NASA Tech Briefs, Suite 921 , 41 East 42nd 
Street, New York, NY 10017·5391 

A NEW MONTHLY DIGEST I rom lour translaled Soviet elect ronic s journals lor 
S200/year. Indispensable lor speCialists In Soviet technical Intelli genc e, thesis ad· 
visors and Iront-end researchers. For a Iree sample write to Soviet Elect ron ics Digest 
Dissemination Serv ice, P.O . Box 857, Burton svil le, MD 20866 
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It's not just a 
components show, 
it's much more! 

What distinguishes 
ELECTRO and sets it 
apart from all other 
conferences on the East Coast? 

The breadth and depth of the many segments of 
the electronics industry gathered in one forum, at 
one time with the newest and most advanced 
electronics products and technologies. Only 
ELECTRO successfully integrates product 
presentations and updates on the current state of 
technology into a multidisciplinary concurrent 
engineering framework. 

When you come to ELECTRO, it's like attending 
several vertical shows at once. Nowhere else can 
you see what's new in components, instruments, 
EOA tools, power supplies, production materials, 
engineering services and more at one industry 
event. 0 other conference offers you the 
wide variety of learning opportunities available 
at ELECTRO. 

This revolutionary approach makes ELECTRO 
your best learning value and the one event YOU 
CANNOT MISS in 1990. Don't be left behind. 

.. More than 5,000 products being 
demonstrated by experts knowledgeable in their 
uses and applications 

.. More than 800 vendors 

.. 51 educational idea-generating tutorials and 
technical sessions organized in the following 
tracks: • Marketing • Devices 
• Electronic CAx • Mechanical CAx 
• CASE • Manufacturing CAx • Test 
• Quality • Education • General 

.. Keynote address by Thomas H. 
Bruggere, chairman of the board and chief execu
tive officer of Mentor Graphics Corp. 

.. Purchasing conference on 
"Purchasing's Role in Corporate Success" 
with Frank Tahmoush, Polaroid Corp., and Robert 
Nahabit, Nahabit Associates 

John B. Hynes Veterans Memorial Convention Center 
and Bayside Exposition Center in Boston, Mass. 

For FREE registration and more information, call 213/21S-EXPO 

Sponsored by Region I, CNEC and METSAC, IEEE ~ and ew England and ew York Chapters, ERA E!r~ 
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MARKETPLACE To Advertise-Cali (212) 490-3999 

Nordex 1 

lET NORDEX BE YOUR PARTNER IN DESIGN. 
Call 800-24J.0986 lor free 

438 page design guide, 
Amenea's largest precision 

mechanical components 
guide. 

OR FUR IMMEDIATE ACTION 

thousands of items' from stock 

(203) 792-9050 TELEX: 643-720 FAX: (203) 790-8992 
50 NEWTOWN ROAD, DANBURY, CT 06810-6216 

1-800-243-0986 
Circle Reeder Action No. 600 

PolyGraf/8™ 
The hardware and software package 
offering eight-channel real-time data

acquisition for Mac 11 computers! 

De$lgned tOf 'plug and ploy' operation. PoIyGrat/ 8 "lves 
you the ability to rac"'d. display, and pIoybocl< up to eight 

channels ot continuous data. Addlllonol leatures permH 
leavtng markers and taldng snopshots, examining data 
trends IhrOUllh IOQ windows and e><ternoly tr\Qgeflng 

muHlple rec",dlng sessions. 

~ World Precision 
~ Instruments, Inc. 

375 Qulnnlploc Ave . New Hoven cr 06513-4445 USA 
Telephone: 203-469-8281 • FAX: 203-468-6207 

Mx.tI~~oI~C~.hc:. 
~1I.o!lOdlrrlClllrotMbltr~~&oIe 

Circle Reeder Action No. 585 

The New ri: __ 
Wave in 
Ultrasonic 
Cleaning 

Ney's patented, digital technology actually varies 
the ultrasonic wave form for unprecedented 
process control in your ultrasonic cleaning. 

• Adjustable cleaning process · delicate to rugged 
• Interchangable controllers 
• Heat and integral timer 
• Standard tanks are in 2,3, 6 & 11 quart sizes 
• Custom systems available 

~
• Get Control with ULTRAsonik~ 
~ ~ Call NEYToday. 
~JJ,.~ 

The J.M. Ney Company NEYTECH DIVISION 
Bloomfield, CT 06002 2031242-2281 
FAX: 2031242-5688 800/426.8834 

Circle Reeder Action No, 605 
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FREE! 
130 

Page 
Catalog 

" Optics 
for 

Industry" 
Free 130 page product catalog Irom Rolyn, 
world's largest supplier 01 "Off-the-Shelf" optics_ 
24·hour delivery of simple or compound lenses, 
filters, prisms, mirrors, beamsplitters, reticles, 
objectives, eyepieces plus thousands of other 
stock items_ Rolyn also supplies custom prod
ucts and coatings in prototype or production 
quantities_ ROL YN OPTICS Co., 706 Arrowgrand 
Circle, Covina, CA 91722·2199, (818)915- 5707, 
FAX (818)915-1379 

Circle Re. der ActIon No. 551 

SC/FOX tm 

Higb Performance 
Embedded System Controllers 

SClFOX PCS32 ( Par;aJl~ Coprocnsor System 32) 15 MIPS CO 70 MIPS. 
uses 32·bit SC32 RISC microprocessor, general purpose PClXT/AT/386 
32-bit plug-in board. 64K-1M byte O-wait-state static memory. 
SClfOX S8C (Single Board Computer) 18 MIPS , 60 MIPS burst. uses 
16-bit Harris RTX 2OXl, for stand...abne operatk>n. Eurocard size, 1 serial, 
1 printer port, 6-4K·S12K byte O-wait·state static memory. 
SC!FOX PCS (Parallel Coprocessor System) 15 MIPS. SO MIPS burst, 
uses 16-bit Harris RTX 2000, PCf)(T/AT/386 plug,in board. upto 1M byte 
O-Wiit-state static memory, multiple board operation. 
SC!fOX SCSI 1/0 plug-on daughter board for PCS Of sse with SCSI 
controller, parallel. floppy, serial ports, and sohware drivers. 

Ideal ror embedded real-lime control, signal processing, and data acquisi
tion. Ponh development software included. OEM pricing. 

SILICON COMPOSERS INC (415) 322-8763 
208 California Avenue, Palo Alto, CA 94306 

Circle Reeder Action No. 679 

ARE YOU STILL TRYING 
TO MEASURE VERY THIN 
GAPS THE HARD WAY? 

Capacitec HPS Series of thin (back to 
back) sensors can measure gaps as 
small as 0.025" (,635mm) inboard 84" 
(2133.6mm) with accuracies of 0.0003" 
(7 _6/Lm) , without scratching delicate 
surfaces, 

~Capacitec 
P.O. Box 819, 87 Fitchburg Rd., Ayer, MA 01432 U.S.A. 
Tel. (508) 772-6033 • Fax (508) 772-6036 

Circle Reeder ActIon No. 385 

Circle Reeder ActIon No. 547 

Anniversary 
Catalog 

of 
Engineering 

Findings 

216 Pages of High-Ouality, Small 
Mechanical Parts and Components 
for Research and Development. 
Thousands of hard-to-find Items In stock: HypodermIc 
Tubing, Filters in Nylon. Polypropylene. Stamless Steel : 
Tubing In Polyurethane. Nylon. Viton. Teflon. SilIcon 
Rubber. Shrinkable Teflon ... Stalnless Steel Screws and 
Threaded Rod In inch & metrIC sizes ... over 8300 different 
parts. Immediate or next day shipping. 

~ 
·We Pay Shipping· 

SMALL PARTS INC. 
• 6891 N.E. Third Ave ., P.O. Box 381966 

Miami, FL 33238-1966 
Tel (305) 751-0856 ' Fax (305) 751~217 

Circle Reeder Action No. 400 

Automated Curve-Fitting 
TABLECURVEN TABLECODEN 

.F~ an x·y data labIe 10 221 candidate equations In a 
SINGLE and FAST fully automated step . 

• PoIynomiaIs 10 10th order, Rationals 10 5t1VSth. Ln, Exp, 
Inverse, Gaussian, Log-Nonnal, Sigmoidal, Sine, User ... 

• FuII weighting, standard errors, and confidence analyses. 
. Directly reads Lotus, dBASE, ASCII, & binary files . 
• Full EMS support for up 10 4000 x·y points . 
• Easy·to-Use state-of-the-art graphlcaVnumerlcai 
review for selecting the most suitable equation, 

• TABLECURVE offers printed graphs and writes Lotus 
123, dBASE, Quattro, Harvard Graphics, & PCX files. 

• TABLECODE generates functions for the C, Pascal, 
BASIC, FORTRAN, ModuIB-2, & dBASE languages. 

• Requirements: 6401<, harlHflSk, VGA,Herc,EGA,8514/A -TobleCurw $241 
T.bloCod. $229 

80111 '211 
~"'1 

Circle Reeder Action No. 399 

NASA Tech Briefs, March 1990 



MARKETPLACE To Advertise-Call (2 490-3999 

Pressure, Flow 
Ir Temp. Switch 

REL 

If you have special requirements. 
can probably save you time and money by 
them with one of our stan dard models. They I i 
their accu racy over many thousands of cycles. The 
"snap-action" disk spring eliminates most problems eft:, of aerospace pressure switches. 
~ Ask for your copy of the H-E catalog. 

~tjMa-&~ {!4. 
3t51 Kenwood Sl . Burbank. CA 91505 

(213) 843-6211 89 1 

CRYOGENIC ROCKET DEBRIS 
PROPELLANTS Hot wax sweeps debriS 
Insulation for from narrow passages 
cryogenic· liquid tanks page 89 MFS·29462 
page 82 LEW·14707 

DEMODULATORS 
CUBIC EQUATIONS Digital demodulator for 
Algebraic generallon of advanced receiver 
two·dimenslonal gr ids page 44 NPO·t7628 
page 69 LAR·138oo 

DIGITAL DATA 

D 
Peripheral equipment 
Interchanges byles of 
data 
page 48 MFS·29478 

DATA CONVERSION DfGITAL SYSTEMS 
ROUTINES Concept for generation 
Peripheral equipment of long Pseudorandom 
interchanges byles of 
data 

sequences 
page 50 NPO-l7241 

page 48 MFS·29478 

DfGITAL 
DATA LINKS ELECTRONICS 
Analyzing optical Digital demodulalor lor 
communicatloo links advanced receiver 
page 68 NPO·17444 page 44 NPO-17628 

DOPPLER EFFECT 
Doppler·shifted Raman 
spectroscopy 
measures flows 
page 58 LAR·14133 
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Great GraphIcs 
foI ScIen1isls and 
Enginee<sl 
FORTRAN. C. 
0\ickBAS1C. and 
Pascal. 

Source code. 
No royalties. 

$295.00 

suppoIlS video. printers. and plotters 

HORN R aOT 

Over tOO routines 
gMi you complete 
control of axes. 
scaling. windows. 
and more 

~ .. ~Ittttttt+1 ffttltttt+t -HliIH+-H--! 

r--
Sutrasoft 
1oa:,."...,Dr. 
SII9" LnI, TX nm 

f ·-ttttttH-t--JtIttt-I-t-t-ittII:1+H---t 

Info: (71""'
OnIn:l_ 

100 I D 

IT'dU "dt 

Circle Reader Action No. 450 

FINALLY! 
Non-destructive Surface 

Roughness Measurements 
That Can Be Made ... 

Anywhere. 

~ITi1EX Capactive based sensing 
technology can be used on any machined 
surface or workpiece geometry. Gear teeth, 
slots, grooves, and bores can be measured 
as easily as a flat. 

E 
Electrostatic linear 
actuator 
page 87 NPO-17684 

ELECTROLYSIS EARTH OBSERVING 
Electrolysis bubbles SYSTEM (EOS) 

High·resolution imaging make waterflow visible 

spectrometer page 76 LEW·14797 

page 52 NPO-17624 
EARTH OBSERVATION ELECTRON BEAM 

(FROM SPACE) WELDING 
Preventing Autonomous.-control 
contamination in concept for instrumenl 
eleclron·beam welds pointing system 
page 90 MFS·29428 page ~5 NPO·17521 

ENDOSCOPES ELECTRIC 
Filler enhances CONNECTORS 
fluorescent ·penetrant· Connecting multiple 

wires to a Single inspecting borescope 
page 91 MFS·29379 through hole 

page 92 MFS·29405 
ENTRAINMENT 
HOI wax sweeps debris ELECTRIC MOTORS 
from narrow passages Balanced·bridge 

feedback control of page 89 MFS·29462 

motor 
page 52 NPO·17430 EPOXY RESINS 

Epoxies bond 
waveguides to flanges 
page 40 NPO·17497 

r--------------l 
E1ecrrodeposlled Flexible Shaft I 

':,~:~,~~~~!~~= i 
and windups as low as 0.17 arc sec/in. oz. Their I 
ability 10 absorb parallel shaft misalignments to I 
.068 in., angular misalignments to 31°, and axial 
movements of 0.310 in. while transmitting torque, I 
makes our couplings ideal for critical positioning. I 

Our "stock" line of couplings have O .D .'s 
from .250 in. to 2.40 in., and I 
overall lengths from 0.480 in. I 
to 2.16 inches. 

I 
I 

I 
I 

The. SpedaJiSlS in Mini.lure 8cllows·Couplings-Contacts I 
tJ Ii I'i y ® .501 Utile Falls RCNtd I 
~ 1 r, :1]1) [rjlY :1 ~;r7~~j,~\C:386233 L _______ .2:~lIl.!!2.8>..!:.,. ___ J 

Circle Reeder ActIon No. 490 

Hilman Systems ~ operate in horizon- ~ 
tal, vertical pia1e. 
inverted or trunion 
mount. sem~ 

~~~kle~ngs, ~ submerged in 
water, irdoors. ~ 
outdoors. dirty ~ 
environment or 
corrosive atmosphere. 
If you have a heavy 
application, let our systems 
a1aIysts help you solve it efficiently 
and at low cost. 

EXPERT SYSTEMS Combining thermal and 
Automatic monitoring structural analyses 
of complicated page 84 LEW·14741 
systems 
pege 100 NPO·17409 FLEXIBLE BODIES 
Software model of Adaptive-control 
software·development experiments on a large 
process flexible structure 
page 100 NPO-17424 page 78 NPO·17478 

F FLOW 
CHARACTERISTICS 
Numerical analysis of 
flows wilh FIDAP 

FEEDBACK CONTROL page 84 MFS·27219 
Balanced·bridge 
feedback conlrol of FLOW 
motor MEASUREMENT 
page 52 NPO-17430 Doppler·shifted Raman 

spectroscopy 

FtELD EFFECT measures flows 
page 58 LAR·14133 TRANSISTORS 

Gallium arsenide 
domino circuit FLOW REGULATORS 
page 36 NPO-17417 Liquid·flow controiler 

responds to pressure 

FtNITE ELEMENT page 72 MFS·28329 

METHOD 
Numerical analysis of 
flows with FIDAP 
page 84 MFS·27219 
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NASA Tech Briefs and the Technology 
Utilization Foundation, in cooperation 
with NASA, are proud to announce 
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Technology 2000 
The first major conference and 
exposition devoted to NASA technology 
and technology transfer. 

Washington, DC Hilton Hotel 

November 27-28, 1990 
For information on registration or 
exhibit space, call 212-490-3999 . 

Technology 2000 
41 East 42nd Street, Suite 921 

New York, NY 10017 

EcoSphere 
Originally developed by NASA, EcoSpheres are not only prototypes 
of future space colonies. but also elegant reminders of the potential 
for ecological balance on Earth. This carefree aquarium - a per. 
manently sea1ed 9ass globe - contains ~ve shrimp, algae, water, 
and air in bioregenerated balance. Available in two sizes: 3 .25" or 
6.50" diameter. Base and replacement policy included. 

Rush me ___ Eoo$pheres in the (ollowtng SIZe(S) ; 

__ 325" diamet ... ($79.00) __ 650" diameter (5229 00) 

Add 512.00 ('" shlpPn9 {EcoSpheres are de-"ered overnightl NY residents 

odd sales tax 
Total Enclosed . 5, _____ _ 

Name _________________________________________ _ 

Address _________________________________________ __ 

a~ _____________________ ___ 

Siate __________________ ___ Zip __________ _ 

Da~me Phone • _________________________________ ___ 

MaD with check .... money order to: 

NASA Tech Briefs, Dept. F, 41 East 42nd Street, New York, NY 10017 

Liquid-liow controller 
With preset break 
pressure 
page 73 M FS·28330 

LlQuid-liow controller 
With trickle prellow 
page 74 MFS·28331 

FLOW VISUALIZATION 
ElectrolysiS bubbles 
make waterflow VISible 
page 76 LEW·14797 

FLUORESCENCE 
Filter enhances 
lluorescem·penetrant
inspeclin9 borescape 
page 91 MFS-29379 

FOURIER ANALYSIS 
Founer analysis 01 
vibrations 01 round 
structures 
page 74 MFS-29334 

FUEL SPRAYS 
Liquid-liow controller 
with preset break 
pressure 
page 73 MFS-28330 

FUEL FLOW 
REGULATORS 
lIquid-liow controller 
responds to pressure 
page 72 MFS·28329 

Llquid-liow controller 
with tnckle prellow 
page 74 MFS·2833t 

G 
GALLIUM ARSENIDES 
Gallium arsenide 
domino circuit 
page 36 NPO·174t7 

GAS TURBINE 
ENGINES 
Perspecllve on dilution 
jet mixing 
page 83 LEW-146t4 

GERMANIDES 
GeISI integrated corcuit 
lor inlrared imaging 
page 28 NPO·17397 

GRINDING 
MACHINES 
Automatic tension 
adjuster lor lIexible
shall grinder 
page 93 MFS·29351 

H 
HELICAL WINDINGS 
Electrostatic linear 
actuator 
page 87 NPO-17684 

HELIUM 
Static pressure
assisted seal lor 
helium 
page 70 MFS·29429 

HIGH TEMPERATURE 
SUPERCONDUCTORS 
YBa3Cu30x 
supercOllductors doped 
With AgO 
page 68 MFS-26078 

I 
IMAGING 
SPECTROMETERS 
Hlgh·resolution Imaging 
spectrometer 
page 52 NPO-17624 

INCONEL 
(TRADEMARK) 
Welding and culling a 
nickel alloy by laser 
page 93 MFS-27208 

INFRARED IMAGERY 
GeISI Integrated CorCUIt 
lor Inlrared imaging 
page 28 NPO-17397 

INFRARED 
DETECTORS 
F leld-Induced-gap 
Inlrared detectors 
page 32 NPO-17526 

Tunable-quantum-well 
Inlrared detector 
page 34 NPO-17361 

INSTRUMENT 
ORIENTATION 
Autonomous-control 
concept for Instrument 
pointing system 
page 95 NPO-17521 

INSULATION 
Insulation lor 
cryogenic-liquid tanks 
page 82 LEW·t4707 

IRRADIANCE 
Calculalong irradiance 
lor photosynthesis in 
the ocean 
page 64 NPO-17645 

J 
JET MIXING FLOW 
Perspective on dilution 
jet mixing 
page 83 LEW-14614 

JET ENGINES 
Stowable mechanical 
sound suppressor 
page 86 LAR-14158 

JIGS 
Jig for stereoscopIC 
photography 
page 70 M5C-21397 

JOINTS (JUNCTIONS) 
Static pressure· 
assisted seal lor 
helium 
page 70 MFS·29429 

L 
LIGNIN 
Lignin sensor based on 
lIash·pyrolysis mass 
spectrometry 
page 62 NPO-17592 

LOGIC CIRCUITS 
Gallium arsenide 
domino circuit 
page 36 NPO-17417 

M 
MANAGEMENT 
PLANNING 
Software model 01 
soltware-developrnent 
process 
pege 100 NPO·t7424 

MANIPULATORS 
Robot hand would 
adapt to contours 
page 86 NPO-16786 

MARKOV CHAINS 
Markov chains lor 
testing redundant 
software 
page lOt LAR-13812 

MASERS 
32-GHz wldeband 
maser amplifier 
page 38 NPO'17558 

MASS 
SPECTROMETERS 
Lignin sensor based on 
lIash-pyrolysis mass 
spectrometry 
page 62 NPO-17592 

MEMORY 
(COMPUTERS) 
Programmable direct
memory-access 
controller 
page 54 NPO-17341 

METAL MATRIX 
COMPOSITES 
Making liber-reinlorced 
metal by rapid 
solidification 
page 94 LEW-149t8 

METAL GRINDING 
AutomatiC lenstOn 
adjuster lor flexible
shaft grinder 
page 93 MFS-2935t 

MICROMECHANICS 
Tribologlcal prapertl8S 
of ceramics 
page 67 LEW-t4833 

MICROSTRIP 
ANTENNAS 
Wldeband microstrip 
antenna·leeding array 
page 26 NPO-17548 

MICROWAVE 
AMPLIFIERS 
32·GHz wideband 
maser amplifier 
page 38 NPO·t7558 

MONITORS 
Automatic monitoring 
01 complicated 
systems 
pagel00 NPO-t7409 

MOTORS 
Balanced-bridge 
leedback control 01 
motor 
page 52 NP0-17430 

MULTISPECTRAL 
RESOURCE SAMPLER 
Terrestrlal-imaging 
spectroscopy 
page 65 NPO·17432 

N 
NICKEL ALLOYS 
Welding and culling a 
nickel alloy by laser 
page 93 MFS-27208 

NOISE SPECTRA 
Predicting noise Irom 
wind turbines 
page 68 LAR-13984 

NOISE REDUCTION 
Stowable mechanical 
sound suppressor 
page 86 LAR·14158 

o 
OCEANS 
Calculating Irradiance 
lor photosynthesis In 
the ocean 
page 64 NPO-17645 

OPTICAL 
COMMUNICATION 
Analyzing optical 
communication links 
page 68 NPO-17444 

OPTICAL FILTERS 
Filler enhances 
fluorescent-penetrant· 
Inspecting borescape 
page 9t MFS-29379 

p 
PARABOLIC 
ANTENNAS 
An optimal deSign lor 
steer able dish antenna 
with BWG 
page 33 NPO-17429 
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Disturbance
accommodating 
controller would aim 
antenna 
page 42 NPO-17631 

PERIPHERAL 
EQUIPMENT 
(COMPUTERS) 
Peripheral equipment 
interchanges bytes 01 
data 
page 48 MFS-29478 

PHOTOSYNTHESIS 
Calculating irradiance 
for photosynthesis in 
the ocean 
page 64 NPO-17645 

PINTLES 
Liquid-flow controller 
with preset break 
pressure 
page 73 MFS-28330 

Liquid-flow controller 
with trickle preflow 
page 74 MFS-28331 

PNEUMATIC 
EQUIPMENT 
Automatic tension 
adjuster for flexible
shalt grinder 
page 93 MFS-29351 

POSITIONING 
DEVICES 
(MACHINERy) 
Jig for stereoscopic 
photography 
page 70 MSC-21397 

PRESSURE 
MODULATOR 
RADIOMETERS 
Diagnosis of a 
pressure-modulator
radiometer cell 
page 63 NPO-17528 

PRINTED CIRCUITS 
Connecting multiple 
wires to a single 
through hole 
page 92 MFS-29405 

PROCESS CONTROL 
(INDUSTRy) 
Marko" chains for 
testing redundanl 
software 
page 101 LAR-13812 

PROPELLANT 
SPRAYS 
Liquid·flow controller 
responds to pressure 
page 72 MFS-28329 

PSEUDORANDOM 
SEQUENCES 
Concept for generation 
of long Pseudorandom 
sequences 
page 50 NPO-17241 

PULSE POSITION 
MODULATION 
Analyzing optical 
communication links 
page 68 NPO·17444 

PYROLYSIS 
Lignin sensor based on 
flash·pyrolysis mass 
spectrometry 
page 62 NPO-17592 

Q 
QUANTUM WELLS 
Tunable-quantum·well 
infrared detector 
page 34 NPO·17361 

R 
RADIATION 
MEASURING 
INSTRUMENTS 
Tunable-quantum·well 
infrared detector 
page 34 NPO-17361 

RADIO ANTENNAS 
An optimal design lor 
steer able dish antenna 
with BWG 
page 33 NPO·17429 

RADIOMETERS 
Diagnosis of a 
pressure-modulator
radiometer cell 
page 63 NP0-17528 

F leld·lnduced-gap 
infrared detectors 
page 32 NPO·17526 

RAMAN 
SPECTROSCOPY 
Doppler·shifted Raman 
spectroscopy 
measures flow 
page 58 LAR-14133 

RAPID QUENCHING 
(METALLURGy) 
Making fiber·reinforced 
metal by rapid 
solidificatk>n 
page 94 LEW-14918 

RECEtVERS 
Digital demodulator lor 
advanced receiver 
page 44 NPO-17628 

REFLECTOR 
ANTENNAS 
Disturbance
accommodating 
controller would aim 
antenna 
page 42 NPO·17631 

REMOTE SENSING 
High-resolution imaging 
spectrometer 
page 52 NPO-17624 

TerrestriaHmaging 
spectroscopy 
page 65 NPO·17432 

ROBOTS 
Robot hand would 
adapt to contours 
page 86 NPO-16766 

ROLLER BEARINGS 
Roiling-contact spalling 
in bearings 
page 81 MFS·27201 

s 
SCHOTTKY DIODES 
Ge/Si integrated circuit 
for infrared in1llglng 
page 28 NPO·17397 

SEALS (STOPPERS) 
Static pressure· 
assisted seal for 
helium 
page 70 MFS·29429 

SILVER OXIDES 
YBa3Cu30 x 
superconductors doped 
with AgO 
page 66 MFS-26078 

SOFTWARE 
(COMPUTERS) 
MarkO\! chains for 
testing redundant 
software 
page 101 LAR-13812 

SOFTWARE 
ENGINEERING 
Software model of 
soltware·development 
process 
page 100 NPO-17424 

SPALLING 
ROlling·contact spalling 
in bearings 
page 81 MFS-27201 

SPECTROSCOPY 
TerrestrlaHmaging 
spectroscopy 
page 65 NPO-17432 

STEERABLE 
ANTENNAS 
An optimal deSign for 
stearable dish antenna 
with BWG 
page 33 NPO-17429 

STEREO· 
PHOTOGRAPHY 
Jig for stereoscopiC 
photography 
page 70 MSC-21397 

STRUCTURAL 
ANALYSIS 
Combining thermal and 
structural analyses 
page 84 LEW·14741 

STRUCTURAL 
VIBRATION 
Fourier analysis of 
vibrations of round 
structures 
page 74 MFS·29334 

Vibrational responses 
of structures to 
impulses 
page 80 NPO·17343 

SUPERCONDUCTORS 
YBa3Cu30x 
superconductors doped 
with AgO 
page 66 MFS·26078 

T 
TELEOPERATORS 
Robot hand would 
adapt to contours 
page 86 NPO·16766 

THERMAL ANALYSIS 
Combining thermal and 
structural analyses 
page 84 LEW-14741 

Spacial 
Ollar 

Celebrate Amer
Ica's retu rn to 
space with this 
high-quality 
sweatshirt from 
NASA Tech 
Briefs. Striking 
four-color design 
of shuttle Atlantis 
on white cotton 
blend shirt. 
Available in adult 
sizes: S, M, L, or XL. $16.95 each + $3.50 postage and handl
ing. (NY residents add sales tax.) 

Speclel Bonus: Order now end recllv, • Frtt Full-Color NASA SpICI Posttr! 

Rush me Atlantis sweatshirt(s) in the following 
size(s): (please circle) S M L XL 
Total Enclosed: $ _______ _ 

Name 
Company _______ ~-----------
Address 
City _______ State ___ Zip, _____ _ 

Mell to: NASA Tech Brlefa, Dept. F, 
41 Eeat 42 St., New York, NY 10017 

Remember: Order now and you will receive 
a free NASA poster with your order! 

CAN YOUR GRAPlDCS SOFTWARE 
DO ALL TlDS? 

"Graftool has the potential 
to be the ultimate graphics 
package, fulfilling every
body's needs." 

-Ehud Kaplan 
PC Magazine 

Integrated 20&30 graphics 
Menu-driven ~r interface 
Scientific spreadsheet 
Presentation-quality fonts 
Import from 1-2-3, Excel 
Export to desktop publishers 
FuJI zooming and panning 

GRAFfOOL 5495 • Interactive Demo Available. Academic Discounts 
CaD I (800) SAY-GRAF. 1 (213) 540-8818. FAX 1 (213) 540-3492 

3-D VISlmNS 
412 S. Pacific Coast Highway, Second Floor, Redondo Beach, CA 90277 

·Reprin .... with pmni>sion from PC Map ..... Mardi 14th. Copyrllht 0)1989 Zill' CoounWlicariOO5 Co. 
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THERMAL 
CONDUCTORS 
Lightweight. thermally 
conductrve composite 
matenal 
page 66 LEW·14814 

THERMAL 
PROTECTION 
InsulatIOn fOf 
cryogenic·liquld tanks 
page 82 LEW·14707 

THREE 
DIMENSIONAL FLOW 
Electrolysis bubbles 
make waterflow Visible 
page 76 LEW·14797 

TRANSIENT 
RESPONSE 
Vibrational responses 
of structures to 
Impulses 
page 80 NPO·17343 

TRANSONIC WIND 
TUNNELS 
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Advanced Materials: 

The Challenge For The Next Decade 
35th International SAMPE Symposium/Exhibition 

AIBIein Convention center, Anahein, caIforIia 
April 2-6, 1990 

Sponsored by SAMPE Orange County Chapter 
Papers will be presented on advanced materials and processes 

research, development and applications in such areas as: 

• Materials Engineering • Processing 
• Tooling Materials • Fabrication 
• Thermoplastics • Advanced Fiber and Matrix Materials 
• Adhesives and Bonding • Coatings 
• Surface Preparation • Metal Matrix 
• Carbon/ Carbon • Ceramics 
• Materials for Hypersonic Vehicles • Quality Control 
• Health and Safety • Repair and Applications 

For further in/ormation regarding the Symposium and Exhibition, contact: 

SAMPE Headquarters: 
P.O. Box 245~ Covina, Caifomia 91722 
Phone (818) 331-0616 

Circle Reader Action No. 503 

TOP GUN: THE REAL STORY 
Join the action as Top Gun, America's best aviators, train for 

perilous air-to·air combat. This thrilling VHS videotape features 
actual dogfights, crashes, and MIG confrontations, as well as 
real Top Gun pilots over Libya, the Indian Ocean, and off the 
Soviet Union. (Color, 35 minutes) $19.95 each plus $3.00 postage 
and handling. 

• .................... ~~ .. ~·~ .. ~·,--·,.-,--·-.. ·--~~ .... ~~ .. I 

Name ____________________________________ ___ 

Address ____________________________________ _ 

Ci ty ___________ ,State, ___ ~Zip-----

Total Enclosed: $ ___________ for ________ (quantity) Top Gun videotapes. 

Send check or money order to: NASA Tech Briefs, Fulfillment Dept., 
41 East 42nd Street, New York, NY 10017 
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The crusading spirit is alive and well at AMCO. We have the proven 
capability, experience, and willingness to work with you on the more 
difficult shielding applications encountered today. 

In 1962 AMCO designed and built the first Modular Shielded Enclosure 
System. Used by NASA on the Saturn Booster Program it remains today 
one of the most reliable on the market. 

AMCO has made many advancements since then: 

o Modular Shielded Enclosure Systems for FCC & Commercial 
Applications. 

o Shielded Cabinets compatable to Tempest ACSIM-5100A. 

o Custom or Modified Standard Shielded Enclosures for those very 
special needs - including Siesmic, Environmental, Drip Proof, 
Shock & Vibration. 

For free catalogs call 1-800-833-3156. 
In rllinois call 708-671-6670. 
Ask for Commercial Catalog 650 and/or Heavy Duty Catalog 203. 
For free initial consultation call 708-671-6670 and ask for 
The Performance Evaluation Lab-Extension 232. 

I 
AMCO Engineering Co. 

10\'\0\0\ 1';111' .... 3801 N. Rose Street 
. ••••••• • Schiller Park, Illinois 60176 

® 

See us at: Interface - Dallas, TX - 3/6-3/8 Booth #561 
Southcon - Orlando, FL - 3/20-3/22 Booth #323-325 Circle Reader Action No_ 500 
NAB - Atlanta, GA 3/21-4/3 Booth #2009-2013 
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