


WE'RE THE FIRST AND LAST WORD IN EXTRAVEHICUlAR ACTIVITY. WITH A 

PIONEERING PAST AS NASA'S ORIGINAL PORTABLE LIFE SUPPORT SYSTEM SUPPUER 

AND CONTINUING LEADERSHIP IN ENVIRONMENTAL CONTROL/UFE SUPPORT 

SYSTEM TECHNOLOGY. 

WE'VE WON THREE SPACE SI'ATION FREEDOM PORTABLE UFE SUPPORT SYSI'EM 

TECHNOLOGY CONTRACI'S. DEVELOPING EFFICIENT NEW SUBSYSTEMS FOR VENTIIA-

TION, THERMAL CONTROL AND C02 REMOVAL. 

NOT ONLY HAVE WE liVED WITH THIS UNPRECEDENTED NEW TECHNOLOGY FOR 

SEVERAL YEARS, WE ARE THE PERFECT PARTNER TO TIJRN IT INTO HARDWARE. 
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STRETCH YOUR BERT 

-_ 11 

Meet Changing Requirements 
Of Every BER Application 
With Plug-In Flexibility 
• 1 MHz to 1.4 GHz 
• Synthesized Clock 
• Multiple Patterns 
• Multiple 1/0 Interfaces 

The ME522A Error Rate 
Measurement Equipment 
covers a frequency range of 
1 MHz to 700 MHz, and up to 
1.4 GHz with plug-in MUXI 
DEMUX units. It provides 
abundant pattern generation 
capability and measurement 
functions, including PRBS to 
223 -1, three words up to 2048 
bits in length, mark ratio 

variable patterns, alternate 
patterns, and isolated patterns. 

The ME522A is the most 
flexible solution to your BER 
measurement requirements, 
from component test to systems 
analysis and from low 
frequency rates to the optical 
requirements of SONET. 

For a demo, application 
assistance or literature, 
contact Anritsu America, Inc., 
15 Thornton Road, Oakland, 
NJ 07436. Call 8()()"255-7234 
or (in NJ) 201-337-1111 . 
FAX 201-337-1033. 
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WE INVENTED THE 
THAT LBUILD 

TOMORROW'S TECHNOLOGY. 
It used to be that emerging 
technologies had to wait for the 
availability of metals and alloys 
to turn research projects into 
reality. We changed all that 
when we invented and developed 
a revolutionarYI high-tech­
nology process which makes 
unique alloys that can't be pro­
duced by conventional melting 
or powder metallurgy. Inco's 
proprietary mechanical alloying 
process produces oxide disper­
sion strengthened superalloys­
and other metal systems - that 
challenge tomorrow's tech­
nology instead of the other 
way around. 

The mechanically alloyed 
O.D.S. products offer many 
advantages over conventional 
materials. They tolerate higher 
temperatures. They offer long-

term metallurgical stability 1 

corrosion resistance l and 
unique strength/temperature 
characteristics. 

In aerospace l marine l 

chemicaL nuclearl and heat 
treatment engineeringl you 
can push the boundaries of 
your technology. And you can 
do it now1 because we're already 
making the superalloys that 
will meet new design demands: 
INCONEL alloy MA 7541 

INCOLOY alloy MA 9561 and 
INCONEL alloy MA 6000. 
We also produce aluminum 
and aluminum-lithium alloys 
by mechanical alloying. 

Find out about these high­
performance alloys and 
others under development. 
Write for our our free publi­
cationl "Exceptional Alloys 

for Demanding Applications~' 
Inco Alloys International l Inc. 1 

Huntington l West Virginia 
25720. Orl for a quicker reply 1 

FAX us at (304) 526-5441. 
INCONEl, INCOlOY, and INCO 
are trademarks of the 
Inco family of 
companies. 
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BMDP 
the statistician's choice ... 

the researcher's edge! 
For over 20 years, BMDP has produced the most reliable and complete statistical software 

available, and it remains the choice of researchers and professional statisticians-industry wide. 

PC-90, our new PC package, contains BMDP's complete library of time tested programs. 
It yields the same statistical output, uses identical input, and is supported by the same great 

documentation as our mainframe package. Yet PC-90 is distributed on only 10 bigh density 
diskettes, and installs on your PC in about 30 minutes. 

PC-90 also features a completely redesigned user interlace, 16 color EGANGA graphics, 
context-sensitive help support, documentation examples online, and a QuickStart utility to get 
you up and running in a snap. 

Advanced Programs for the 1990's 
New • Maximum likelihood Estimation 
New • Polychotomous Logistic Regression 
New • Multiway Correspondence Analysis 

• Stepwise Regression 
• Stepwise Logistic Regression 
• Stepwise Discriminant Analysis 
• All Possible Subsets Regression 
• Derivative-free Non-linear Regression 
• Spectral Analysis 
• Box-Jenkins Time Series 
• Life Tables & Survival Functions 
• Survival Analysis-Cox Models 

• Missing Data Estimation & Correlation 
• Repeated Measures ANOVA! ANCOVA 
• Repeated Measures (wI missing trials) 
• Multivariate ANOVA & ANCOVA 
• General Mixed Model ANOVA 
• Regression on Principal Components 
• Polynomial Regression 
• Partial Correlation Regression 
• Canonical Correlation 
• Log-linear Modeling 
• linear Scores for Preference Pairs 
• And Much More! 

Introducing PC -90 
All New Inter/ace, Easy To Use, Compac 

BMDP Statistical So 

~_._ ft __ .... __ • -.a: __ .. _ ~ ...... 





NASA's shuttle 
shakes, rattles, 
and rolls with Spiralock: 
SeIHockIng fasteners. 

During launch the main shuttle engines develop 400,000 
lbs of thrust. And bone shaking VIbration. NASA needed 
engine component fasteners capable of withstanding severe 
stress and vibration ... but also capable of repeated re-use. 

That narrowed it down to Spiralock. The unique female 
thread form that locks any standard male fastener firmly in 
place without resorting to split washers, deformed threads, 
nylon plugs, or chemical bonds. 

NASA tests demonstrated that the fasteners in Spiralock 
threaded holes and nuts would not back off or loosen when 
subjected to 10 times shuttle specified vibrations. And, they 
stayed that way under that vibration loading for a period 10 
times longer than called for. 

NASA also wanted a 15-cycle reuse capability per fastener. 
Spiralock delivered 50, with no loss of clamping power. 

How n works. 
The female thread form in holes and nuts produced by 

Spiralock taps incorporates a unique 30° wedge ramp at its 
root. The ramp does not impede the free running of the 
fastener until clamp load is applied. Then, the crests of the 
male threads draw tightly against the wedge creating a con­
tinuous spiral contact along the entire length of the thread 
engagement, spreading the force evenly across all threads. 
Self locking, and stronger. 

In standard 60° thread forms, most of the clamp force is 
concentrated on the first thread. And that translates to 
loosening. Or worse, fatigue failure. 

AddItIonal benefits. 
Since Spiralock threads have more clearance, they allow 

an exceptional free spinning assembly condition. That means 
lower costs and fewer fastener related rejects. 

And, when it comes to aluminum or other soft materials, 
the ability of Spiralock to distribute the load evenly across 
all threads virtually eliminates stripping. 

NASA found many more reasons to specify Spiralock. In 
fact, in each shuttle engine alone, they found 757 of them. 

For more reasons to consider Spiralock for your shuttle, 
call or write for a free brochure. Or, send $25 for detailed 
test results. 

In Europe Contact: 
EMUGE-WERK 
Richard GJimpel/Postfach 25 
Nurnberger Sir. 96-100 
8560 Lauf a.d. Pegnitz, West Germany 
TeIefon: 09123-1860 FAX: (09123) 14313 

Splralock thread form. 

In North America Contact: 
Detroit Tool Industries 
Madison Tech Center 
25219 Dequindre Rd. 
p.o. Box 11629 
Madison Heights, MI 48(171-0629 U.S.A. 
Phone: (313) 543-7800 

_____ FAX: (313) 543-1403 

Sp." ralock Ton Free Numbers 
• I 1-800-521-2688 U.S. 

1-80Q.482-2679 Michigan 

In Asia Contact: 
OSG Manufacturing Company 
Toyokawa-cho/Toyokawa-city 
Aichi-pref./442 Japan 
Phone: (05338) 4-7723 FAX: 5338-4-3197 
~~~U-A"G 
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NASA/Stanford University researchers used a multilayer Cas­
segrain x-ray telescope to capture this image of the solar 
corona at 1,000,000 K. The research team is now developing B 

high-resolution x-ray microscope for cancer studies. 
Turn to page 10. 
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A new test bed for space robots could be adapted for develop­
ing terrestrial telerobots to handle radioactive materials, 
dangerous chemicals, and explosives. See page 46. 
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GOULD 
Electronics 

Gould recorders show up 
in the most convenient places. 
Introducing the first family of digital 
recording oscilloscopes. 
Now you can get the power of a digital 
storage oscilloscope with the built-in con­
venience of traditional recording. 

Gould recognizes that physical testing is 
extremely demanding. That's why we've 
designed a family of Digital Recording 
Oscilloscopes (DROs~) with features 
that let you : 

o Capture and record up to eight 
channels simultaneously 

o Record off-ground measurements 
with Isolated or differential inputs 

o Capture and record single shot 
events with 50 nanosecond 
resolution 

o Use the built-in thermal array 
recorder for: 
- continuous trend recording 
- screen dump of selected data 
- output of a segment of memory 

or the complete memory 

All this in a single, portable package. 

For more information and a free Gould Guide to 
DSO/DROs diskette, call (216) 328-7000 or use the 
coupon below. Because if you think the Gould ORO 
sounds good, you ought to see it on paper. 

." 

Yes! 
NTB 11/90 

I want a free Gould Guide to DSO/DROs diskette. 
(please pnnt) 

NAME: _______________ _ 

TITLE· ______ _________ _ 

COMPANY: ______________ _ 
SffiEET: _______________ _ 

CITY: ________ STATE: __ ZIP: ___ _ 
TELEPHONE: _____________ _ 

Send to: Gould, Inc., Test and Measurement Group, 8333 Rockside Rd., 
ValleyView, Ohio, 44125 oreall (216)328·7000, FAX: (216)328-7400. 
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Convert 
Computer 
Graphics 

to 
Video 

HTSC or P4.L 

D 
RGB IVideolink™ 

Scan Converters 

with Autosync 
The Link Between 

Computer Graphics 
and Television Video for 

Video Taping, Video Transmission 
and Video Teleconferencing 

• Adjustment free auto-locking 
• Full broadcast quality encoder 
and sync generator 

• Flicker elimination 
• Anti-aliasing 
• Genlock 
• Video overlays with linear keyer 
• Full 24 bit color processing 
• Composite (NTSC or PAL), S-Video, 

V. R-Y, B-Y and RGB video outputs 
• Mode in the USA 

Model 1400AX 
autosyncs to workstation 

displays (45-80 kHz) 

Model600AX 
autasyncs to EGA, VGA, and Mac II 

displays (21.5-35.0 kHz) 

SPECTRUM 
2550 Ninth Street, Berkeley, CA 94710 

TEL (415) 848-0180 FAX: (415) 848-0971 
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GO L[] 
Our nelV recorder 
comes \Vith everything 
but cOlDplications. 

Electronics 

Sitting dQlNn with our new WindoGraf recorder is like 
sitting dQlNn with a trusted friend. WindoGraf is as 
easy to use as the recorders we've been making­
and you've been using-for years. 

Nearly everything about WindoGraf is familiar, 
from its recorder-style speed controls to its 
bench-top portability. And when it comes to 
signal conditioning, WindoGraf offers just 
what you 'd expect in a Gould recorder: input­
to-output isolation, DC offset (zero suppres­
sion), variable sensitivity, and a selection of 
signal conditioners to meet most physical 
test requirements. WindoGraf also features 
a unique CRT display that lets you monitor 
your signals in real-time without continuously 
running paper. And if you tllike to see hard 
copy, press a button to activate WindoGrat's 
4-channel thermal array recorder, which also 
operates in real-time. 

Press another button, and your 
signals are recorded on Windo­
Grat's built-in disk drive for 
future review or analysis. 

~u 
' .. , 

WindoGraf. Just another 
way Gould IS helping you meet 

your physical test and measure­
ment needs . .. without complications. 

"*"'"" pnro) 

------ -:. lWUW 

NTB 11/90 

Free demo disk! 
Yes! Show me how Gould's nfNI WindoGraf 
is as Simple as it is advanced! 

NAME: _______ TITLE: ______ _ 
COMPANY: ______________ _ 
STREET: ______________ _ 

CITY: _______ STATE: __ ZIP: ___ _ 
TELEPHONE: _____________ _ 

Send to: Gould., Inc., Test and Measurement Group, 8333 Rockside Road, 
V_IJ._~\r __ ~. n......: ___ .A -.A .. ~.c __ oo ____ u./rt.-t #"!!\ .or'lln ~_""" r::- ~_ ~~,...\ ".""..,. _ ... "",.. 
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ASA's Innovators 
Technology 2000, NASA 's first-ever national technology transfer conference and exhibition 
(November 27-28, Washington, DC Hilton Hotel), will feature presentations by over 100 of the 
agency's top researchers, describing a wide array of space-based technologies with down-to­
Earth applications in such fields as electronics, materials science, and biotechnology. In the 
second of two parts, we look at some of these innovators and their leading-edge work. 

James E. Dudenhoefer heads a 26-
member team at NASA's Lewis Re­

search Center devel­
oping free-piston 
Stirling engine tech­
nology for future 
space power needs. 
Efforts are focused 
on increasing sys­
tem electric and 
thermal energy con­

version efficiency at least five-fold over 
current SP-100 technology, and on 
developing systems that are compatible 
with space nuclear reactors . 

NASA's space power technology 
historically has concentrated on sys­
tems delivering less than 10 kW. These 
power requirements have been met 
almost exclusively by photovoltaic (PV), 
RTG, and electrochemical storage sys­
tems. "Over the next several decades, 
the amount of electric power in space 
will grow immensely," Dudenhoefer 
stated. Tomorrow's space platforms will 
require continuous power of hundreds 
of kilowatts , he said, and some duty 
cycles will periodically consume many 
megawatts. These platforms will include 
manned space stations, communica­
tion stations, and surveillance platforms. 

The free-piston Stirling is a rapidly 
emerging technology which has attracted 
considerable attention due to the suc­
cessful 25 kW Space Power Demon­
strator Engine. A recent study indicated 
that it may be possible to build a free­
piston Stirling engine/linear alternator 
system with up to 500 kWe per cylinder. 
"Less than five years ago it was consid­
ered a major achievement to build and 
successfully operate a 3 kWe Stirling 
engine," the Lewis researcher said. 

The free-piston Stirling has the po­
tential to be a highly reliable engine with 
long operating life, according to Duden­
hoefer, because it has only a few mov­
ing parts, noncontacting gas bearings, 
and can be hermetically sealed. Fur­
ther, it uses nuclear energy rather than 
heavy fuel , significantly decreasing its 
cost. 
10 

"Stirling is the new kid on the block," 
he said. "It must prove itself under the 
shadows of the bigger kids-the Bryton 
and Rankine (dynamic power systems). 
Stirling's main advantage is that it's lighter 
and more efficient than these systems." 

Lewis began Stirling system research 
in 1977 when the Environmental Pro­
tection Agency sought an alternative 
automotive engine to conserve energy 
and preserve the environment. With its 
external combustion system, the kine­
matic Stirling engine cleanly burns virtu­
ally any fuel and delivers high mileage 
per gallon. A prototype system was suc­
cessfully demonstrated in United States 
Air Force and Postal S~rvice vehicles 
driven across the country. 

Currently, Cummins Engine Co., Stir­
ling Technology Corp., and the Depart­
ment of Energy are combining the 25 
kW free-piston Stirling cycle electricity 
generator with a parabolic mirror solar 
heat concentrator to produce an eco­
nomical solar-powered electricity gen­
erator for terrestrial applications. Such 
units could be used for "topping" power 
cycles by utilities, especially in the Sunbelt, 
Dudenhoefer said. They will also have 
tremendous potential in the Third World, 

SPACE POWER RESEARC/f ENGINE 

much of which lies in tropical areas with 
lots of available sunshine. 

Dudenhoefer joined NASA after re­
ceiving a BA in electrical engineering 
from Gannon University. He had planned 
to stay with the agency for three years. 
That was in 1965. "It gets into your 
blood," he said. "At NASA I have the 
opportunity to explore technology, make 

mistakes, be innovative, and affect the 
world we live in." 

Over the past two decades, Richard 
B. Hoover has de­
veloped an array 
of advanced x-ray 
imaging systems to 
probe the myster­
ies of space . 
Hoover, an astro­
physicist at the 
Marshall Space 

Flight Center's Space Science Labora­
tory, is currently principal scientist for 
the Ultra-High-Resolution XUV Spec­
troheliograph experiment, a group of 
multilayer x-ray telescopes selected for 
flight on space station Freedom. He 
began work in x-ray optics in 1967, de­
veloping x-ray mirrors for a SKYLAB 
experiment, and has designed grazing 
and normal incidence x-ray telescopes 
and microscopes, as well as hybrid in­
struments. Further, he was coinvestiga­
tor for the Stanford/Marshall Center x­
Ray Spectroheliograph, which provided 
the first high-resolution images of the 
sun using multilayer x-ray telescopes. 

Now Hoover is applying his space­
based imaging techniques to develop a 
new tool to study the workings of the 
human body. He is spearheading the 
design of a doubly-reflecting, multilayer 
x-ray imaging microscope for cell biol­
ogy studies. The instrument, which could 
greatly aid cancer researchers, is con­
figured to operate within a narrow re­
gime of the x-ray spectrum that lies 
between the K absorption edges of 
oxygen and carbon. In this "water win­
dow," carbon is highly absorptive and 
water is highly transmissive. Therefore, 
the microscope should be able to de­
lineate-with high spatial resolution and 
contrast-carbon-based structures within 
living cells. "It would allow researchers 
to examine living cells without using 
dyes, stains, or exogenous chemicals 
which produce limiting artifacts," said 
the 47-year-old scientist. 
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"Our theoretical analysis has shown 
that multilayer x-ray microscopes of the 
Schwarzschild or aspheric configura­
tions should be able to achieve spatial 
resolution in the 100 angstrom range or 
better," Hoover stated. Such perform­
ance should permit direct imagery of cy­
toskeletal membranes, secretory ves­
icles, chromatin , nucleoli , and nucleo­
somes, he explained, and should im­
prove diagnonis and benefit experimen­
tal studies of tumor cell biology. Ulti­
mately, advanced versions of the x-ray 
microscope could achieve high enough 
spatial resolution to resolve pure DNA 
and RNA molecules within living tumor 
cells. 

Hoover expects the project to be 
completed by 1992, if further funding 
can be secured from NASA and the 
American Cancer Society. 

Hoover's other interests include pa­
leontology and micropaleontology. He 
is internationally known for his work with 
diatoms. At the invitation of the Royal 
Zoological Society of Antwerp, Belgium, 
he researched their diatom collection 
and produced serveral thousand photo­
micrographs. "It was like a music stu­
dent being told 'there's some unpub­
lished work by a fellow named Mozart 
and we want you to evaluate it, on he said. 
Many of Hoover's photomicrographs were 
published in National Geographic, and 
some are now on display in the Smith­
sonian Museum of Natural History. 

"I like to see the tremendous capabil ­
ity NASA has as a 
technology agency 
brought to bear on 
important scientific 
questions," said Dr. 
Wayne E. Esaias, 
an oceanographer 
at Goddard Space 
Flight Center , 

Greenbelt, MD. A NASA employee since 
1979, Esaias specializes in the use of 
satellite observations of ocean optical 
properties (ocean color) to understand 
the role of marine algae in the global 
carbon and primary productivity cycles. 
He is project scientist for the SeaWiFS­
a satellite which will make global ocean 
color observations beginning in 1993. 
He is also active in ocean remote sens­
ing aspects of NASA's Earth Observing 
System (EOS). Slated for launch in 1998, 
EOS orbiting platforms will study changes 
in the Earth's system in an effort to 
understand global warming and other 
environmental concerns. 

Since 1986, Esaias has been re-
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searching and developing the Ocean 
Data Acquisition System (ODAS), a low­
cost instrument which can be easily 
mounted on a small aircraft and flown 
over the coastal zone ocean to remotely 
measure sea surface temperature and 
three channels of ocean color informa­
tion . From this data, chlorophyll levels 
can be derived for use by ocean scien­
tists, fisheries, and environmental of­
fices. Data can be transmitted to ships 
for real-time use with sea truth meas­
urements, ocean productivity estimates, 
and fishing fleet direction. 

The aircraft portion of the system 
has two primary instruments: an infra­
red radiometer to measure sea surface 
temperature and a three-channel visible 
spectro-radiometer for 460, 490, and 
520 nm wavelength measurements. The 
output of both instruments is fed into a 
data system, digitized to 12-bit resolu­
tion, formatted, recorded on board, and 
transmitted to a receiving system for 
processing. The aircraft package includes 
a Loran-C unit for aircraft location infor­
mation . From the measurement altitude 
of 500 feet, the line of sight transmitter 
range to a ship is about 30 miles. 

The shipboard package contains a 
transceiver packet terminal controller, 
data processing capability, a cassette 
tape recorder, and a printer. Both raw 
data and chlorophyll concentrations are 
available for real-time analysis. 

To keep down the cost of reproduc­
ing the instrument, Esaias' team used 
commercially-available subsystem com­
ponents such as modified amateur trans­
ceivers for the data transmission sys­
tems and rack-mountable PCs for the 
data systems. "One of the main techno­
logical challenges was integrating the 
off-the-shelf components to meet sys­
tem requirements," said Esaias, who 
holds a PhD in biological oceanography 
from Oregon State University. 

ODAS has been used most exten­
sively with the NOAA Chesapeake Bay 
program, but also in NASA missions in 
the North AtlantiC, Iceland, and off Bra­
zil. ''The accuracy of pigment concen­
trations from the instrument is quite 
good even in complex Chesapeake Bay 
waters," said the Goddard researcher. 

Prior to joining Goddard's ocean 
research program, Esaias served a two­
year tenure as the ocean color program 
manager at NASA Headquarters, where 
he helped set the direction of the agency's 
present program. He is most proud, 
however, of his work on processing and 
analyzing remote sensing data to obtain 
the first global view of ocean phyto­
plankton. 

Anne H. Johnson, a research mi­
crobiologist at NASA's Stennis Space 
Genter in Mississippi, directs several 
projects dealing with the development 

of bioregenerative 
techno logy for 
closed systems. 
Though targeted 
for long-duration 
space missions, the 
technology offers a 
host of potential ter­
restrial applica­

tions, including improved wastewater 
treatment systems. 

One project, dubbed the BioHome, is 
a unique bioregenerative habitat with a 
self-contained waste treatment and water 
reclamation system. The 650-square­
foot model habitat is divided into two 
regions, one housing a wastewater treat­
ment facility and the other devoted to 
living quarters for one individual. 

One BioHome experiment uses plants 
and microorganisms to purify wastewa­
ter. Testing is concentrated on wetland 
plant systems, particularly bulrush and 
cattails, and their ability to remove patho­
geniC bacteria from wastewater. 

"We want to ascertain the efficiency 
of these systems in breaking down and 
removing pathogens for both Earth and 
space applications," Johnson said. Pre­
vious research has shown that roots of 
aquatic plants such as bulrush and reed 
excrete substances that can partially or 
completely kill pathogenic bacteria with­
out harming beneficial bacteria. The 
aerobic zone around the aquatic plant 
root system can also support the growth 
of protozoa which feed on bacteria, vi­
ruses, and particulate organic matter. 

Johnson, who joined NASA in 1989 
after graduating from the University of 
Southern Mississippi with a Master's 
Degree in microbiology, is also evaluat­
ing the ability of foliage plants such as 
golden pothos and spider plants to remove 
toxic organics from ambient air. "We've 
been doing studies to determine the 
organic breakdown mechanism, whether 
it's the plant, microorganism, or the 
combined activities of both,· she ex­
plained. "We know there's something 
similar occurring in the plants we've 
screened, but we have much more to 
learn about their physiology in order to 
understand the overall mechanism." 

Related research examines the pos­
sibility of producing food from plants 
and fungi within a closed system while 
obtaining drinking water from the proc­
ess of evapotranspiration. As plants die 
within the wastewater system they are 
used for compost to grow vegetables. 
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Vegetables growing in the BioHome 

Thus, this technology provides the po­
tential for air and water revitalization as 
well as food production using strictly 
biological means. Food plants such as 
tomatoes, corn, potatoes, and squash 
have been successfully grown on com­
posted aquatic plant materials produced 
in a similar wastewater treatment proc­
ess, according to Johnson. 

Plant filtration systems loosely based 
on those being tested by NASA have 
been marketed in the private sector. 
"It's a lucrative business, but we are 
interested in understanding the science 
behind the technology," Johnson stated. 
"The more we know, the more the trans­
fer of this technology will be enhanced." 

NASA veteran 
John D. Buckley 
has developed an 
innovative method 
for joining compos­
ite aerospace 
structures. Buck­
ley's invention is 
a handheld toroid 
magnetic heat induction gun that pro­
duces fusion welds in thermoplastic ma­
terials. The technique is similar to that 
used for spot welding in metallic struc­
tures. 

The lack of a practical joining meth­
odology has hindered the use of com­
posite materials in aerospace manufac­
turing. Conventional methods used in 
manufacturing advanced composite 
aerospace structures are labor and 
equipment intensive. They include pre­
impregnation of fiber reinforcement 
systems, cutting and hand layup of resin 
impregnated tapes, vacuum bagging, 
autoclave curing, debagging, and trim­
ming. Joining methods involve mechani­
cal fasteners and polymeric adhesives. 
Some of these adhesives emit toxic 
fumes during the polymerization stage 
and require up to 24 hours to react, 
while others require heat and pressure. 

Buckley's toroid joining gun is a low-

While everyone else is playing catch up, 
we're expanding the limits 
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cost low-power (1 00-400 watts) weld­
ing device which can be handheld, simi­
lar to a riveting gun. Composite parts 
can be joined in situ, whether on Earth 
or on a space platform. 

"We began looking at it for assem­
bling components in space because it 
doesn't require any water cooling, uses 
solar energy, and is highly portable," 
explained Buckley, a senior research 
engineer at NASA's Langley Research 
Center in Hampton, VA. 

The invention allows for applying heat 
directly to the bond lines and/or the ad­
herends without heating the entire struc­
ture, supports. and fixtures of a bonding 
assembly. In bonding fiber-reinforced 
thermoplastic composites with the plas­
tic welder, a thin film of the matrix poly­
mer and a thin stainless or carbon steel 
screen wire susceptor are placed be­
tween two adherends. The screen wire 
is used to concentrate heat at the joint to 
provide additional reinforcement. If the 
fiber reinforcement in the composite is 
conductive, such as graphite. the steel 
screen wire may be eliminated . 

When power is applied, the toroid 
rapidly heats the joint to the melt or 
glass transition temperature of the matrix 
thermoplastic, thereby lowering its vis­
cosity enough to cause flow and wetting 
at the adherend surfaces. Upon rapidly 
cooling below the melt temperature of 
the adherends, the joint is complete. 
The bonding cycle requires approximately 
two to four minutes for joining graphite­
reinforced high-temperature thermoplas­
tics with adherend thicknesses of 0.125". 

When using the plastic welder to 
bond fiber reinforced thermoset com­
posites, a thin thermosetting film or coat 
of thermosetting adhesive must be used 
between the adherends. The toroid rapidly 
heats the thermoset jOint to the tem­
perature at which the adhesive poly­
merizes. The joint is then rapidly cooled. 

Bonding times for laboratory speci­
mens have been cut by a factor of 10 to 
100 times compared to standard press 
or autoclave bonding. according to Buck­
ley. who has worked at NASA since 
1959. 

Potential terrestrial applications in­
clude wall construction, electrical con­
nections, and plumbing. It has also been 
used to put band saw blades together 
and to fix plastic canoes and boats. 
Buckley expects a commercial version 
to reach the market in a few years. 

Editor's note: Beginning in February, 
NASA 's Innovators will become a 

regular bimonthly feature in 
NASA Tech Briefs. 
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Technology 2000: 

A Showcase Of High-Tech Inventions 
Meet a robot farmer, experience "virtual" 3D sound, and match 

wits with an lIexpert" computer. These are but a few of the 
leading-edge inventions NASA field centers will demonstrate 

in the Technology 2000 exhibit hall. 

Liquid Air Pack 
Originally 
designed for 
astronaut rescue, 
the Uquid Air 
Pack could 
provide firefight­
ers with additional 
breathing time in 
emergency situ­
ations. By 

employing liquid air rather than con­
ventional high-pressure gaseous air, 
this self-contained breathing appara­
tus provides twice as much air as 
gaseous systems while maintaining 
weight and minimizing profile. 
Kennedy Space Center 
Booth Number 739 

Intelligent Physics Tutor 
An "expert" computer system is 
helping high school students to learn 
math . Using artificial intelligence tech­
nology developed for fl ight controller 
training, the Intelligent Tutoring 
System for High School Physics drills 
students with physics problems, 
providing the teacher with more time 
for one-on-one instruction. The tech­
nology can be easily adapted for 
chemistry or computer science 
tutoring systems. 
Johnson Space Center 
Booth 516 

Temperature Pill 
An ingestible thermometer capable of 
measuring and relaying deep internal 
body temperatures promises improved 
patient care in hospitals and opportu­
nities in medical experimentation. The 
three-quarter-inch capsule, which 
contains a telemetry system and 
quartz crystal temperature sensor, 
provides a way to quickly detect 
dangerously low (hypothermia) and 
high (hyperthermia) body tempera­
tures. It also offers applications in 
fertility monitoring, obstetrics, and 
14 

food processing research. 
Goddard Space Flight Center 
Booth 412 

Electro-Expulsive Deicing System 
This award-winning invention uses 
pulses of electricity to fracture and 
expel ice accumulation on aircraft and 
ships. The system, which consists of 
an elastomeric boot embedded with 
flexible conducting ribbon, can remove 
mere frost to a one inch glaze in less 
than a thousandth of a second. It 
requires one thousandth of the power 
and one tenth the weight of present 
thermal deicers and pneumatic boots, 
and can be retrofitted to most aircraft. 
Ames Research Center 
Booth 728 

Computer­
Aided 
Design of 
Artificial 
Hearts 
NASA 
scientists 
have used 
computa­

tional fluid dynamics (CFO) techniques 
to simulate the blood flow through a 
Penn State artificial heart. The 
computer model will help medical 
researchers to better understand the 
heart's complex flow field and should 
lead to improved pump designs. 
Ames Research Center 
Booth 728 

Cooling Suit 
Children born without sweat glands 
who risk heat stroke with physical 
exertion can now lead more normal 
lives thanks to a NASA-originated 
cooling suit. An antifreeze solution 
chilled by a portable, battery-powered 
refrigeration unit is pumped through 
tubes to the vest and helmet liner, 
which are made of a special 

temperature-sensitive fabric. Factory 
workers, military personnel, 
and race car drivers also wear the 
suit to stay cool. 
Langley Research Center 
Booth 315 

ROBOSIM 
Students and high-tech professionals 
learn firsthand about robotic technol­
ogy through ROBOSIM, a low-cost 
simulator of robotic systems. Created 

by NASA to aid in the rapid prototyp­
ing of automation, ROBOSIM has 
enabled the development of improved 
robotic concepts for both Earth-based 
and proposed on-orbit applications. 
Marshall Space Flight Center 
Booth 417 

Flexible Agricultural Robotic 
Manipulator System (FARMS) 
The nursery and greenhouse industry 
could increase productivity with a 
robotic system to handle and process 

sensing devices. 

plant material. 
NASA is devel­
oping technolo­
gies for an 
integrated 
robotic workcell, 
including super­
visory control , 
machine vision, 
and tactile 

Marshall Space Flight Center 
Booth 417 
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Prosthetic Devices for Amputees 
Using space-based robotics tech­
niques, Marshall Center researchers 

are developing improved end-effectors 
for hand and below-the-elbow 
amputees. The group is designing a 
lightweight rotationally-actuated 
device without the usual shoulder 
harness, which is often uncomfortable. 
Other devices in the works include a 
fishing reel crank turning mechanism 
and a nail holder for carpentry work. 
Marshall Space Flight Center 
Booth 417 

X-Ray Technique for Environmental 
Monitoring 
An x-ray fluorescence spectrometer 
system used for analysis of Martian 
soil samples has been adapted for 
monitoring water quality and toxic 
wastes on Earth. The portable 
instrument can screen over 50 
chemical elements, with priority given 
to toxic heavy metals, and can detect 
concentrations as low as 50 parts per 
billion. 
Langley Research Center 
Booth 315 

Ultrasonic Burn Depth Monitor 
Burn depth detection no longer 
depends solely on the burn surgeon's 
experience and skill. Langley Re­
search Center has developed an 
ultrasonic device that makes quantita­
tive measurements of burn 
depth in humans by sensing the 
difference in sound pulses between 
burned and normal skin tissue. The 
technique has provided clinically­
reliable results for patients suffering 
scald, flame, and chemical burns. 
Langley Research Center 
Booth 315 

Air Conditioning System 
for Radon Control 
A special air conditioning system uses 
100 percent fresh air to ventilate a 
house in order to combat radon and 
other airborne contaminants. The 
machine employs heat pipe technol­
ogy to exchange both sensible and 
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latent heat, and can be coupled with a 
vapor compression heat pump to pro­
vide treated air to the house. 
Kennedy Space Center 
Booth 739 

Smart Hydrogen Sensor 
NASA has combined a compact digital 
signal processing computer and ad­
vanced sensors to create an intelligent 
hydrogen detection system with near­
real-time predictive capabilities. Its 
unique algorithm utilizes input from a 
variety of sensors to determine envi­
ronmental correction factors in order 
to prevent false positive or negative 
readings. 
Stennis Space Center 
Booth 742 

Gamma-Ray Collimator 
A unique gamma-ray collimator built at 
NASA Stennis can house 200 curies 
of Cobalt 60 during actual radio­
graphic exposures while reducing 
radiation in unwanted directions from 
200 to 0.5 curies. The collimator also 
mitigates undesirable backscatter, 
improving the radiograph's quality and 
sensitivity. 
Stennis Space Center 
Booth 742 

Microtronic Flow Transducer 
Nurses can monitor the breathing of 
newborn infants with the Microtronic 
Air- and Gas-Flow Transducer, an 
outgrowth of NASA's research on 
deep impurities in silicon. Unlike other 
gas-flow meters and transducers, this 
device has no moving parts and can 
be constructed using a variation on 
the ordinary technology for processing 
planar silicon microelectronics. It can 
be applied to monitor patient breathing 
in hospitals and to control anesthetic 
gases during surgery. 
Lewis Research Center 
Booth 312 

Tympanic Thermometer 
An innovative thermometer developed 
at JPL determines a patient's tem­

perature by 
measuring the 
infrared radia­
tion emitted 
from the bottom 
of the ear canal. 
It can gauge the 
patient's 
temperature in 

under two seconds and can be used 
on critically ill or incapaCitated 
patients, as well as newborns. 
Jet Propulsion Laboratory 
Booth 523 

"Getaway Specia'" Canister 
Under the "Getaway Special" Pro­
gram, researchers can place small 
scientific payloads on board the space 
shuttle, where they are housed in 
NASA-supplied cylindrical canisters. 
After exposure to the space environ­
ment, the payload is returned to Earth 
for analysis. The program is designed 
to stimulate broader interest in 
scientific research among the large 
segment of the scientific community 
not engaged in development of 
primary payloads. 
Goddard Space Flight Center 
Booth 412 

Transportable Applications 
Environment 
What You See Is What You Get 
(WYSIWYG) with the TApMPlus 
user interface development and 
management system. The portable 
system provides an integrated soft­
ware environment for interactive 
prototyping and development of gra­
phical user interfaces. 
Goddard Space Flight Center 
Booth 412 

Three-Dimensional Acoustic 
"Visualization" 
Developed for NASA's Virtual Work­
station, the Convolvotron is a high­
speed digital signal processing 
system that enables three-dimen­
sional sound reproduction. Wearing 
standard headphones, the user can 
locate, in space, up to four 
independent and simUltaneous sound 
sources. Applications include virtual 
reality. flight simulation, and hearing 
research. 
Ames Research Center 
Booth 728 
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Technology 2000 
Exhibitor O-rectory 

BOOTH 
Aerospace lubricants Inc. 511 
Columbus, OH, 
will showcase perfluoropolyether (PFPE) grease 
lubricants with operating temperatures ranging 
from -140" to +550"F. These lubricants are com­
patible with liquid and gaseous oxygen at high pres­
sures, and most other highly reactive chemicals. All 
have low vapor pressures, with some capable of 
long-term operation at pressures of 10·'2 torr. 

Aerospatiale 633 
Paris, France, 
will exhibit high·temperature composite materials, 
fire protection and thermal protection composite 
applications, magnetic bearings, and superplastic 
forming and diffusion bonding. 

Alabama Department of Economic 419 
and Community Affairs 
Montgomery, AL, 
will discuss high technology expertise available to 
Alabama businesses, and economic development 
assistance available from the state. 

American Insights Inc. 623 
Alexandria, VA, 
will present Gubser's Guide to University Research 
and Technology, a detailed analysis of new devel­
opments in science and technology at America's 
top 156 research universities. It describes licensing 
opportunities for major new inventions In aero­
space, materials science, biotechnology, robotics, 
optics, energy, and many other fields. 

Ames Research Center 
Moffett Field, CA 
See page 14. 

728 

AMP Inc. 311 , 313 
Harrisburg, PA, 
will feature three high-density interconnection 
products: Micro-Strip connectors that pack 40 high­
speed signal hnes and their associated grounds 
into a linear inch; a low-profile surface-mount pro­
duction socket for JEDEC TapePak molded carrier 
ring devices; and a Conductive Carbon Fiber con­
nector that connects two planar surfaces, such as 
flat panel displays and their driver boards. 

Argonne National Laboratory 735,737 
Argonne, ll, 
focuses on basic research in the physical, biologi­
cal, and environmental sciences, and on technol· 
ogy-directed research in fission, fossil, and fusion 
energy and conservation and renewable energy. 

Arthur D. Little Inc. 216 
Cambridge, MA, 
will present two products: the Dexterous Handmas­
ter, a high-precision exoskeleton which enables the 
monitoring of hand motions for either robotics 
slave/master control or medical evaluation; and a 
laundry system for space station Freedom to wash 
and dry clothes in microgravity with a small fraction 
of the water usage of conventional approaches. 
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BOOTH 
Astro-Med Inc. 328 
West Warwick, RI , 
will exhibit the MT95000 chart recorder featuring 
300 dot per inch resolution, 8-, 12-, and 16-channel 
configurations, menu-dnven operation, frequency 
response of up to 20 kHz, and up to 2 megasamples 
of memory. 

Carlson Technology Inc. 614 
Livonia, MI, 
designs, develops, and manufactures custom per­
sonal cooling systems for health care and industrial 
applications. 

Carnegie Mellon University 428,430 
Robotics Institute, 
Pittsburgh. PA, 
will display space-related robotic systems such as 
the self mobile spaceframe manipulator, shuttle 
ground servicing systems, and the Ambler plane­
tary exploration robot. 

Centera Technologies Inc. 309 
louisville, KY, 
will display GRAFkit, a graphics package designed 
for scientific, engineering, and technical data dis­
play. It organizes multi-dimensional data to pro­
duce high-level graphics such as contours, 3D 
surfaces and solids, streamlines, and vectors. 

Clantek 620 
San Diego, CA, 
will demonstrate a prototype of a transtelephonic ul­
trasonic transmission system called HeartLink n.t 

which captures a full-motion real-time transmission 
of ultrasonic cardiovascular images. It has applica­
tions for medical diagnosis, linking with many major 
universities and medical centers nationwide. 

Commodore Business Machines Inc. 528 
Reston, VA 
Commodore's Federal Systems Group will show 
the Amiga 3000 UX running AT&T's UNIX version 
5.4 and the Amiga 2500130 running 3D modeling 
programs. 

Computer Sciences Corp. 
Falls Church, VA 

524,526 

Corning Incorporated 227 
Corning, NY 
Coming's Technology Sales and Licensing Group 
will describe the company's analytical and engi­
neering services and its patented technologies 
available for sale or license. This group also ac­
quires and licenses outside technologies. 

COSMIC 124 
Athens, GA 
NASA's Computer Software Management and In­
formation Center will feature software programs in 
areas such as artificial intelligence, aerodynamics, 
CAD/CAM, communications, compoSites, heat 
transfer, image processing. optics, project man· 
agement, and structural analysis. 

BOOTH 
County of loudoun 628 
Department of Economic Development 
Leesburg, VA, 
will display brochures and a video fOCUSing on the 
advantages of doing business in loudoun County. 

Cybernet Systems Corp. 409 
Ann Arbor. MI, 
will display products resulting from recent Cybemet 
contract work to develop portable mobile robotics 
command centers, handheld computer applica­
tions, and teleoperated guided robotic systems. 

Datatape Inc. 427 
Pasadena, CA, 
will display rotary digital and analog magnetiC tape 
recording systems used for various military, aero· 
space, and commercial applications. 

Defense Technical Information Center 612 
Alexandria, VA, 
will offer a handbook discussing how to make con­
tributions of scientific and technical information in 
various formats to DTIC's collection, as well as a 
brochure describing the center's services. 

Deltek Systems Inc. 501 
Mclean, VA, 
will feature its Accounting and Job Cost software 
systems developed for the government contractor. 
The systems are used by more than 800 contrac­
tors in meeting accounting and informational 
needs, handling everything from detailed projects 
to automatic billing. 

Design And Evaluation Inc. 410 
laurel Springs, NJ, 
will display its Handbooks On Worst Case Circuit 
AnalYSiS, the only publication instructing the engi­
neer on how to perform the analysis according to 
DOD Mil-STD 785B, Task 206. 

Detector Electronics Corp. 612 
Minneapolis, MN, 
will display a brochure describing the company's 
flame detection products and capabilities. 

Dimension Technologies Inc. 518 
Rochester, NY, 
will display the DTI 100M, the first commercial 
product to provide autostereoscopic viewing. It IS 
an LCD-based, 640 x 480 resolUtion , 16 gray level 
display driven from the IBM 28613861486 family or 
Apple Macintosh II platform. 

Dolphin Scientific Inc. 500 
long Beach, CA, 
will demonstrate the Desktop Signal Processor, a 
system providing up to 450 MFlOPS in a small 
desktop configuration. Host computers include the 
Sun UME and SPARC systems. 

dSPACEGmbH 823 
Paderbom, West Germany, 
will exhibit development system software and DSP 
hardware for implementation of high·speed multi­
variable controllers, hardware-in-the-loop simula­
tion, and signal proceSSing systems. 
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BOOTH 
DYNAIR Electronics Inc. 612 
San Diego. CA. 
specialtzes In low-cost analog and digital video and 
audio routing and distribution system solutions util­
izing fiber optic and coaxial cable. 

Earth Observing System 830 
(Goddard Space Flight Center) 
This display will spotlight technologies lor EOS. a 
remote sensing mission to study the oceans. land 
masses. and atmosphere; their interactions; and 
how the Earth's system is changing. 

Eastman Kodak Company 520.522 
Rochester. NY. 
will display technologies and capabilities key to 
several NASA programs. including the Great Ob­
servatories. Ihe Space Exploration Initiative and 
Mission to Planet Earth. Included will be a demon­
stration of Kodak's new high-resolution inlrared im­
aging system. 

Extrudehone Corp. 726 
Irwin. PA. 
will display its line of capacitance-based surface 
roughness measuring instruments. A recent addi­
tion to the line utilizes Fnnge Field capacitance to 
measure a surface's profile. 

FUR Systems Inc. 222, 224 
Industrial Products Dlv. 
Portland. OR. 
will exhibit infrared thermal video systems used to 
determine thermal profiles in a number of industrial 
and medical applications. 

GeoSpectra Corp. 614 
Ann Arbor. MI 
A leader in Landsat and Spot satellite image proc­
essing software and services. GeoSpectra will 
exhibit ATOM (Automatic Topographic Mapper) 
software and the SenPLA T sensor platform attitude 
measurement device. 

Geotronics of North America 525.527 
Novato, CA. 
will display a total control system which includes an 
electronicdistance meter, proportional-internal-dif­
ferential controller. and a software program that po­
sitions any linear moving object. 

Goddard Space Flight Center 
Greenbelt, MD 
See page t4. 

412 

Grumman Data Systems 218,220 
Bethpage, NY. 
will display its capabilities In large-scale computer 
systems integration. Among its many projects. 
Grumman is supplying NASA's Johnson Space 
Center with a supercomputer-based system for its 
engineering computing facility. 

Hallcrest Products Inc. 629 
Glenview. IL, 
will showcase its range of temperature- and shear­
sensitive liquid crystal products lor use in engineer-
1ng and aerospace research. particularly in heal 
transfer and flow visualization studies. 

Harris Semiconductor 
Military and Aerospace Div 
Melbourne, FL 

6t2 

Heimann Systems 612 
Iselin. NJ 
Uterature features Heimann's line of infrared ther­
mometers and blackbody radiation sources. 

Hewlett-Packard Company 506 
Rockville, MD. 
will exhibit high-performance UNIX workstations. 
including new RISC and Motorola technology. 
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BOOTH 
High Technology Services Inc. 327 
Troy. NY. 
will display thermoplastic polyimide resins, pow­
ders. and foams used in the aerospace, electron­
ics. and defense industries. 

Hitachi Chemical Electro-Products 630 
Tucker, GA, 
will feature Multiwire. a discrete wiring technology 
prOviding superior performance for impedance 
control. crosstalk management, critical signal 
lengths. and high packaging densities. 

Hitachi Denshi America Ud, 834,836 
Woodbury, NY. 
will show the C7Q-2OtOR Large Screen Data Dis­
play Monitor, a 70· diagonally-measured high­
resolution display used by command centers and 
R&D institutions. It is compatible with virtually any 
computer resolution and is bright enough to be 
used in high ambient light. 

Hughes Santa Barbara 303 
Research Center 
Goleta,CA 
A leading supplier of space sensor syslems, SBRC 
will exhibit electro-optical technologies for space 
projects such as NASA's Mission to Planel Earth. 

Hyperception 206.208 
Dallas, TX. 
will show digital signal processing and image signal 
processing software/hardware, including Hyper­
Signal and Hypersignal-Windows DSP software, 
and Impro-Lab image processing software. 

Idaho National Engineering 5t5 
Laboratory 
Idaho Falls, 10. 
will display activities INEL conducts with applica­
tions to current space programs. including space 
nuclear power and propulsion, simulation and 
modeling, ground testing, and engineering, 

IDEAS Inc. 325 
Columbia. MD, 
will feature spaceflight-qualified hardware and 
space station robotics. The company's electronic 
assemblies are major parts of the Cosmic Back­
ground Explorer, Mars Observer, and many other 
NASA missions. 

Inductron Corp. 517 
Hampton Roads, VA, 
will demonstrate a ponable, low-cost induction 
bonding system for rapid, reliable joining of plastics, 
ceramics. and metals. The system is used in the 
military. aerospace. automotive, medical, and in­
dustrial fields for manufacture and repair. 

Information Development Inc. 123 
Houston, TX. 
specializes in technical writing and training In such 
areas as engineering. manufacturing, medicine, 
construction, and aerospace. as well as in the ad­
ministrative side of business. Additional serviceS 
include graphics, computer-aided design and draft­
ing, and packaging. 

Infonnation Handling Services 119 
Englewood, CO, 
will exhibit databases available on CD-ROM sys­
tems for data searching. IHS provides comprehen­
sive collections of technicallntormation to the engi­
neering community. 

Intelfigent Interfaces Inc. 612 
Stone Mountain. GA 
A catalog presents products for improving produc­
tivity 01 CADICAEIATE workstations. 

BOOTH 
International Computers 626 
& Telecommunications Inc .• 
Rockville, MD 
ICT writes technical briefs and creates supporting 
illustrations published in NASA Tech Briefs, and 
also provides technical services in information 
management. telecommunications, logistics. engi­
neering, and systems integration. 

Jet Propulsion Laboratory 
Pasadena, CA 
Seepage t4. 

Johnson Space Center 
Houston, TX 
See page t4. 

523 

516 

JP Technologies 4()3 

Upland. CA. 
manufaCtiures foil and silicon sensors for measure­
ment of strain, temperature, and electromagnetic 
radiation. 

JR ' Inc. 424,426 
Woodland. CA. 
will demonstrate its family of intelligent six-degree­
of-freedom force/movement sensors, 

Kennedy Space Center 
Florida 
See page 14. 

Langley Research Center 
Hampton. VA 
See page 14. 

Lewis Research Center 
Cleveland, OH 
See page 14. 
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Lucas Datalab 402 
Severna Park, MD. 
will exhibit transient waveform recorders which can 
record over 200 channels of data at sample rates 
up to tOO mHz per channel. 

Marshall Space Flight Center 
HuntSVille, AL 
Seepage 14. 

417 

Martin Marietta Astronautics Group 414 
Denver, CO 
This exhibit will feature the Flight Telerobotic 
Servicer (FTS). a telerobotic system being devel­
oped for use on space station Freedom, 

Manin Marietta 416 
Manned Space Systems 
New Orleans, LA, 
will spotlight potential commercial applications of 
NASAIMartin Manetta technologies developed for 
space projects. 

Mechanical Technology Inc. 502.600 
Latham. NY, 
will exhibtt external-rombustion Stlrflng engine 
technology. Under development for NASA, the 
free-piston Sltrling engine is focused on the power 
requirements of lunar base and planetary explora­
lIOn vehicles. The mullifuel, kinematiC Stirflng has 
been developed as an automotive engine which is 
Inherently quieter, cieaner, and more fuel-effiCient 
than a spark ignition engine. 

MGA Inc 723 
Concord, MA, 
specialiZes in the commerCIalization and dlstribu­
lion of expert-authored technical software for the 
SCIentific and engineering communities In such 
technical disciplines as simulation. control design, 
project management, and digital signal processing. 
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Precision High Voltage 
Solid-State 

D.C. Amplifiers 
o to -1500 or + 1500 

or +750 Volts 
Slew Rate 150V /Jl,s. 

40 rnA rms:l00 rnA Peak 

5 
iii 
"> ;:; -.. 
> 
8 ,.., 

20l1s/dlvlslon 

1,500 V 
Peak to Peak 

For your Precision High Voltage, High Speed Amplifiers, 
TREK has your most cost effective solution for: 

Ion Deflection 
Active PZT Damping 

Piezoelectric Drivers 
Electro Optic Research 

601 C Precision HV Amplifier 

Other High Performance HV Amplifiers available are: 

±l50V 
±500V 

±2,500V 
±4,OOOV 

±10,OOOV 
±20,OOOV 

For more information: 
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TREK INC. 
3932 Salt Works Road, P.O. Box 231 
Medina, NY 14103 
Phone: (716) 798-3140 FAX: (716) 798-3106 

Circle Reader Action No. 319 

BOOTH 
Micro Industries Corp. 323 
Westerville, OH, 
will exhibit the MIB II 3861SYS system for developing and testing application 
software for Multibus II board products. It simplifies the development of Multibus 
II hardware based on Intel's 80186, 80386, and 80960 microprocessors. 

Micro Surface Corp. 625 
Morris,lL, 
provides coatings for harsh environments where temperature, vacuum, and 
normal wet lubes cannot be used. Coatings are available for applications with 
mechanical parts, composite plastics, and powder metal. 

Mikron Instruments Company Inc. 214 
Wyckoff, NJ, 
will display the M668lnfraducer, an infrared fiber optic thermometer which allows 
selection of temperature range and on-site output signals and eliminates water­
cooled systems in the glass, metals, and refractory industries. 

Mississippi Department of 740 
Economic Development 
Jackson, MS 
Mississippi's investment in the identification and development of innovative 
technologies has created a beneficial climate for economic development. 

Motorola Inc. Govemment Electronics Group 300 
Scottsdale, AZ, 
will discuss the division's space system capabilities, including communications 
systems, radar systems, and electronic equipment used to track satellites, 
aircraft, and missiles. 

NASA Centers for the 826,828 
Commercial Development of Space 

NASA Small Business Innovation Research (SBIR) 610 
Washington, DC, 
will showcase products and processes in diverse technologies developed by 
small firms through participation in the SBIR program. 

NASA Tech Briefs 
New York, NY 

NASA Technology Utilization Program 
Washington, DC 

827 

115,117 

National Standards Association 415 
Gaithersburg, MD, 
will show CD-ROM products, including Specmaster, a full-text, DOD-listed stan­
dards and specifications system, and Partsmaster, a logistics support system. 

NERAC Inc. 505 
Tolland, CT, 
will display its Expert Match Database, developed by NERAC to track current ex­
pertise within the federal laboratories. 

New York State Science and Technology Foundation 105 
Albany, NY, 
will feature information about the Centers for Advanced Technology, Cornell 
Supercomputer, venture capital, grant programs, technology development or­
ganizations, and products. 

NIAC/Applied Research 432 
Pittsburgh, PA 
NIAC provides a wide range of technology management services, including in­
formation retrieval, technology assessment, database development, and mar­
keting research . It works closely and will share the exhibit booth with the Univer­
sity of Pittsburgh's Applied Research Center, the Center for Hazardous Materials 
Research, the National Environmental Technology Application Center, and 
Metalworking Technology Inc. 

Nicolet Instruments Corp. 405 
Madison, WI, 
will highlight four new models of high-resolution digital oscilloscopes: the Nicolet 
410, 41 OE, 420, and 420E. With 1 2-bit digitizers operating at 1 megasample per 
second and the longest memory available, these models are suited for material 
testing, electrical power analysis, electro-mechanical testing, and chemical or 
physiological measurements. 

Novespace 632 
Paris, France, 
will present technologies for sale or license from French high-tech companies. 
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Over 200 Years In Space 
The Landsat 5 spacecraft shown carries two Santa Bar­

bara Research Center multispectral space sensors: the Multi­
pectral Scanner (MSS) and the Thematic Mapper (TM). SBRC 

designed and built all the landsat scanning sensors launched 
ince 1972, as well as a wide range of meteorolOgical and 

planetary exploration sensors since 1966. 

SBRC has established world leadership in multi-
pectraI space sensor tedmology by successfully design­

ing and fabricating 65 electro-optical instruments of 19 
different designs with a combined operating life now 
exceeding 225 years. 

HUGHES 
SANTA BARBARA RESEARCH CENTER 

."-ry 

SBRC: WORLD LEADER IN MULTISPECTRAL SPACE SENSOR TECHNOLOGY 
SEE us AT BOO11i 303I'IE0fN0L0GY 2000 Circle Reader Action No. 414 



BOOTH 
Numerical A lgorithms Group 529 
Downers Grove. IL. 
WIll exhibit sCientific and engineering software for 
mathematically-onented projects. The software is 
pnmanly reusable subroutine packages for FOR­
TRAN. ADA. and C languages. 

NYMA Inc. 605 
Greenbelt. MD 
NYMA IS an SBA-Certlfled 8(a) systems engineer­
ing. integration. software. and computer products 
supplier and supports a number of NASA field 
centers. 

Oak Ridge National Laboratory 
Knoxville. TN 

316.318 

OCA Applied OptiCS 519 
Garden Grove. CA. 
will show infrared and visible subsystems devel­
oped for Imaging and remote sensing systems. as 
well as a space-qualified laser transceiver. 

OCA LambdafTen Optics 521 
Westford. MA. 
will display collimators and telescopes for remote 
sensing and high-accuracy mirrors for long-range 
communications. 

Olympus Corp. IFD 621 
Lake Success. NY. 
will exhibit industrial fiber optics. borescopes. fiber­
scopes. light sources. and high-pressure and high­
temperature scopes. 

Optical Coating Laboratory Inc. 404 
Santa Rosa. CA. 
will display MetaModeTl'. an advanced dielectric 
sputtering technology deSigned to produce high­
density. multilayer thin films for a variety of uses. 

Pacific Precision Laboratories Inc. 212 
Chatsworth. CA. 
will feature submicron systems. specials. and 
stages for lasers. optics. semiconductors. and disk 
drive measurement. inspection. and test. 

PanTech Inc. 329.330 
Springfield. VA. 
Will display for Knurr!USA Inc. a modular enclosure 
system for Earth stations such as the Hubble Tele­
scope control center at NASA Goddard. PanTech 
will also exhibit high-resolution disptays from Inte­
color and In Powersystem UPS. and portable 
Earth stations from EDAK Inc. 

Patton & Patton Software Corp. 125 
Morgan Hill . CA. 
will shows Flow Charting 3 software for IBM and 
compatible computers, designed for auditors, qual­
Ity engineers. and programmers to speed the proc­
ess of developing and updating flowcharts. 

PHD Technologies Inc. 724 
Pittsburgh, PA 
Ouest Systems Inc. 
Bloomfield. CT, 
will feature robots for application In nuclear and 
other hazardous environments. and technotogy 
used to create a four-legged walking robot. 

PMS Electro-Op~cs 401 
Boulder. CO. 
will exhibit tunable Helium-Neon lasers, including 
orange (612nm). yellow (594nm) and green 
(543nm). 

Primavera Systems Inc. 423,425 
Bata Cynwyd. PA, 
will display ItS full line of prOject management soft­
ware. Including Primavera Project Planner (P3). 
which Integrates project scheduling. resource allo­
calion and leveling. and cost conlrol. 
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BOOTH 
Pyraponic Industries Inc. 831 
San Diego. CA. 
WIll demonstrate ItS Phototro plant growth cham­
ber, scheduled for further evaluation on space 
station Freedom as a testbed for biological water! 
air reclamabon and recycling. 

Qutron 617 
Allendale. NJ. 
will exhibit a scan converter, complete with zoom 
and poSitioning functions, for the production of TV! 
video images from Virtually any 15 to 128 kHz scan 
rate RGB analog source. 

Ramtek Corp. 304,306 
San Jose. CA. 
will demonstrate Millennium. a high-resolution sub­
system designed to accelerate the processing and 
visual display of technical and scientific data. It is 
used in Image processing applications including 
geographical analYSIS for the petrochemical indus­
try. geographical information systems, and the 
proceSSing of satellite data for weather prediction. 

Raytheon Company 530 
Quincy. MA, 
will exhibit custom hybrids and high-density power 
supplies for space applications. 

RGB Spectrum 113 
Berkeley, CA, 
will feature the latest model of the RGBNiew Video 
Windowing System. which displays live television 
or other video on a high-resolution computer moni­
tor. The video is shown in real time in a window that 
can be posilioned, scaled. clipped. and overlaid 
with computer graphics. 

R G Hansen & Assoc iates 314 
Santa Barbara, CA, 
will display laboratory cryogenic systems and com­
ponents. including an electro-optic cryogenic test 
chamber that can handle solid state devices from 
l00-pin devices to 28-pin clamps and 24-pin tubs. 

Ribbon Technology Corp. 407 
Gahanna. OH. 
will present "Melt Overflow: a system for rapid so­
lidification of metal alloys. It can produce products 
In the form of fiber. particulate, and strip or sheet. 

Rockwell International 
Space Systems Div. 
Downey. CA 

508.510,512.514 

Rotating Memory Services 226 
Campbell. CA. 
repairs or exchanges disk drives. Specializing in 
5.25" and 3.5" Winchester disk drives. RMS manu­
factures Securestor removable hard disk drives 
with capacities from 20 to over 400 mb. 

Satellite Data Systems Inc. 614 
Cleveland. MN. 
will exhibit Electro-Services® WeatherFax, a sys­
tem to acquire. display. and enhance weather sat­
ellite images uSing a personal compuler. 

Scientific & Technical 112.114.211 .213 
Information Facility 
Technology Utilization Office 
Baltimore. MD. 
will showcase products created In the last decade 
which Incorporate NASA technology. In addition, a 
publication describing successful reapplication of 
aerospace technology will be distributed. 

Scientific Measurement Systems Inc. 613 
Austin , TX. 
will exhibit Industrial computed tomography sys­
tems for non-destructive inspection of aerospace 
and space components. This technology has been 
used to inspect materials ranging from metals and 
ceramics to plastiCS and composites. 

BOOTH 
Sensor Developments Inc. 627 
Lake Orion. MI. 
will feature custom and standard force and torque 
sensors. and Instrumentation modules. 

Sensor Frame Corp. 616 
Pittsburgh. PA. 
will display the Sensor Frame"'. an optical gesture 
senstrlQ deVICe which allows the use of natural hand 
motions to Interact With a computer, and the Vid­
eoHarp"'. a new type of electronic musical instru­
ment based on the same technology. 

Silicon Graphics Computer Systems 317.319 
Bethesda. MD. 
will demonstrate binary compatible computer sys­
tems with applications in advanced visualization. 
graphics. and server technology. 

Sony Corp. of Amenca 
Business and Professional Group 
Lanham, MD 
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Space News 513 
Springfield, VA. 
is a weekly newspaper devoted to the politics and 
business of space. 

Spectrum Manufacturing Inc. 305 
Wheeling, IL. 
will feature advanced machining technology for the 
aerospace industry. including advanced laser cut­
ting capabilities. 

Stennis Space Center 
Mississippi 
Seepage 14. 

742 

Stephens Analytical Inc. 411 
Champlain. NY. 
will demonstrate the MCM moisture analyzers. 
which offer rapid response. repeatability, accuracy. 
freedom from drift. and contamination resistance. 

Sterling Software 509 
Palo Alto. CA. 
will exhibit an integrated visualization package, 
SSV. for scientific or engineering grid-oriented 
data. It provides full-color 3D viewing, rendering. 
shading. function mapping, animation, recording to 
videotape, and specialized computational support. 

Structural Research & Analysis 210 
Santa Monica. CA. 
will display COSMOSIM. a finite element package 
consisting of a preprocessor, a mesh and model 
generator, a postprocessor. and color graphics. 
The program performs linear and nonlinear static, 
dynamic. buckling. design optimization, thermal, 
fluid. and electromagnetic analyses. 

Sun Microsystems 730,732 
Mountain View. CA. 
will demonstrate their distributed computing, high­
performance workstations featuring software for 
government applications. 

Superior Products tntemational Inc. 733 
Salina,KS. 
will exhibit SUPER THERM, an insulation coating 
using three types of ceramics in a mixture of acryl­
ics and urethanes. 

Symbolics Inc. 609 
Burlington, MA, 
will display MACSYM symbolic math software, 
which tackles mathematical applications in calcu­
lus. trigonometry. and any other branch of higher 
mathematics. It provides 20 and 3D graphics and 
converts equations into FORTRAN or C. 
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-~-_~_ miller-stephenson chemical co., inc. 
CALIFORNIA ILLINOIS CONNEcneUT CANADA 
12261 Foofhlll Blvd. 6348 Ook1on Sf George Washington Hwy. 514 Corllngvlew Dr. 
Sylmar. Cal. 91342 Marlon Grove. III. 60053 Danbury. Conn. 06810 Rexdale. Ontario M9W 5R3 
818896-4714 708966-2022 203743-4447 416675-3204 

BOOTH 
Systems Research and Applications Corp. 835 
Arlington, VA, 
will exhibit advanced software engineering technol­
ogy, including intelligent interface access to remote 
databases and intelligent document management 
systems based on NASA:S 4.3 standard. 

Talarian Corp. 507 
Greenbelt. MD. 
will display a group of software products used to 
build real-time monitoring and control applications. 
It also will demonstrate a monitoring application 
developed for the Hubble Space Telescope. 

Technicallnsighls Inc. 612 
Fort Lee, NJ, 
will presenl literature describing a weekly service 
thaI offers clienls information on current research 
and developmenl, concentrating on significant de­
velopments thaI will be of value 10 a company's 
boltom line. 

Technology Transfer Society 618 
Indianapolis, IN, 
will display publications on the subject of technol­
ogy Iransfer and discuss membership benefits and 
society activities. 

Tennessee Technology 320,322,324,326 
Foundation, Knoxville, TN, 
will spotlight Tennessee technology-based initia­
lives Including the Oak Ridge-Knoxville Technol­
ogy Corridor, the Tennessee Valley Aerospace 
Region, Nashville high lechnology initiatives, and 
Chattanooga's Partners for Economic Progress. 
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BOOTH 
Textron Specialty Materials 406,408 
Lowell, MA, 
will display composite materials including boron 
and carbon fibers, silicon carbide reinforced alumi­
num, litanium and ceramics, and carbon/carbon 
composites, as well as fire protection material. 

Thermion Inc. 607 
Upper Saddle River, NJ, 
will exhibit aircraft anti-ice systems. conductive 
composites, and No Flre® intumescent coatings. 

Thermo Electron Corp. 612 
Tecomet Div., Wilmington. MA, 
will present literature about its metalworking serv­
ices used for fabricating highly complex machined 
components. lis capabilities include CNC machlO­
ing, diamond turning, photo etching, electron beam 
welding. and precise forging. 

Tiodlze Company Inc. 608 
Hunllngton Beach, CA, 
will exhibit allilraphite composite aerospace fas· 
tening products, self.lubricallOg graphite compos­
ites, and advanced coatings. 

TransErs 612 
Provo, UT, 
will offer literature about HTBasic, Which allows 
users 10 port HP Basrc programs from HP Basic 
workstations to an IBM-<Xlmpatible PC. 

TriMetrix Corp. 612 
Seattle. WA 
Company literature will describe how the Axum 
technical graphics and data analysis package can 
be used for advanced data analysis and for produc­
Ing ultra-high-resolution publication-quality graphs. 

BOOTH 
TRW Inc. 118,217 
Redondo Beach. CA. 
will exhibit "Mission to Planet Earth and Beyond; 
featuring high-teChnology thrusters. ' Smart Strut" 
precision conlrol of agile spacecraft. lunar base 
lechnology. a Mars lander. cryogenic coolers. EOS 
lechnology. and microelectronics. 

Turbomixer Corp. 103 
Newark, DE. 
will display ils rOlating coillechnology. a recently 
discovered prinCiple of fluid dynamics which is 
being harnessed in various coil configurations 10 
Improve miXing, blending, dispersing. emulSifying, 
aerating and gas-inlo-liquid dissolving for re­
search, production. and environmental purposes. 

United States Air Force 725.727,729 

University of Dayton 321 
Research Institute 
Dayton. OH 
UDRI focuses on the advanced research and de­
velopment needs of the government and private 
sector in such areas as thermal energy storage ma­
terials. software for analysis of complex structures. 
high-temperature structural compoSites. and novel 
aircraft propulSIon systems. 

University of Rorida 308 
Department of Materials Science and Engineering 
Gainesville. FL 
University of Rorida researchers use microwave 
energy to process a variety of materials, including 
superconductors, compoSites, and electro-optics. 
Experiments have shown that microwave process­
ing can produce more homogeneous microstruc­
tures using less time and lower temperatures than 
with conventional methods. 
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Flight Telerobotic Servicer 

NASA's Flight Telerobotic Servicer will be one of 
the most sophisticated spaceflight tools ever made. 
On the cutting edge of robot ics technology, FTS 
will perform a variety of tasks in space. 

It can be used in adjusting and replacing space 
vehicle components on orbit. FTS will help astro­
nauts to assemble and maintain Space Station 
Freedom. 

To perform such complex motions, each telerobot 
depends on 19 Schaeffer Magnetics joint actua­
tors. Schaeffer was selected by Martin Marietta to 
supply the FTS actuators because of Schaeffer's 
record of high product reliability. 

Alot more can be said about Schaeffer -flying the 
first actuators out of our solar system aboard 
Pioneer 10, designing and producing the antenna 
gimbal driver for TDRS, exclusive use on Viking 
Mars life science instruments, the Voyager visits 
to Neptune, Uranus, Jupiter and Saturn as well as 
numerous other planetary explorations. 

Schaeffer is the world's most experienced 
source for spaceflight motors, actuation 

components, and systems. 

SCHAEFFER MAGNETICS, INC. 
9175 Deering Ave. 
Chatsworth Ca 91311-5897 
Telephone (818) 341-5156 
TWX: 910-494-4777 
FAX: (818) 341 -3884 

SCHAEFFER MAGNETICS ... 
NEVER LEA VB EARTH WITHOUT US 

Circle Reader Action No. 413 

BOOTH 
United Technologies (USBI) 413 
Kennedy Space Center. FL, 
will display graphics depicting its current role as prime contractor to NASA for the 
assembly and refurbishment of the space shunle's solid rocket boosters, as well 
as its Involvement in Shuttle-C actiVities. 

Valcor Engineering Corp. 310 
Springfield, NJ, 
will showcase a variety of solenoid-operated valves including vacuum, latching, 
check, and excess flow check valves, relief valves-pressure regulators, and 
related pneumatic subsystems. 

Vermont Research Corp. 400 
North Springfield, VT, 
will exhibit solid-state disk systems with interfaces to SCSI, SMD, ESMD, and 160 
other emulations. 

Vetronix Research Corp. 433 
Troy, MI, 
will display the Multiplexed Electrical Power Control and Management system, 
developed to handle the U.S. Army's power and data distribution in the M1A2 
main battle tank. 

Virginia's Center for Innovative Technology 418 
Herndon, VA, 
will provide information on Virginia's space industry development and technology 
transfer programs, initiatives, and products. 

VI Corp. 422 
Northampton, MA 
VI markets DataViews, tools for data management and display in the develop­
ment of dynamic graphical user interfaces. The company will display DataViews 
Release 8.0, which includes support for Motif widgets, new dynamiCS and graph 
types, and reduced need for programming. 

Walcott & Associates Inc. 619 
Alexandria, VA, 
will provide information on its technical management consulting and communica­
tion services to both government and private sector clients . 

Water Filter Company of America 616 
National City, CA, 
will display a water treatment unit for home use based on NASA technology. 

Wave Shield Technology 420 
Lincoln, NE, 
will exhibit electromagnetic shielded composites for the electronics and aero­
space industries. 

Wisconsin Center for Space Automation and Robotics 738 
Madison, WI 
WCSAR will display a compliant 4-degree-of-freedom fingertip force sensor for 
robotic applications, a Telerobotic Performance Analysis System (TPAS), a 
unique water and nutrient delivery system for plants, an LED lighting system for 
plants, and concepts for an automated lunar mining device for extracting gases 
from the lunar soil. 

W L Gore & Associates 307 
Newark, DE, 
will display Gore microwave coaxial assemblies and Gore-Shield EMI gasketing 
materials. 

Wolfram Research Inc. 503 
Champaign, IL, 
will showcase Mathematica, a general system for numerical, symbolic, and 
graphic computations, which can be used as an interactive calculation tool and 
as a programming language. Its numerical capabilities include arbitrary precision 
arithmetic and matrix manipulation. 

Xybion Electronic Systems Corp. 421 
San Diego, CA 
Xybion manufactures mechanically-shuttered and electronically-gated video 
cameras for capturing dynamic events; solid-state low- light-level video cameras; 
and multispectral video cameras for remote sensing and other diagnostic 
measurement applications. 

Zircar Products Inc. 624 
Florida, NY, 
will exhibit high-temperature fibrous ceramic thermal, electrical, and structural 
insulation products. Fiber types include zirconia, alumina, alumina-silica, and 
other refractory oxide composites. 

For a final list of exhibitors and booth locations, consult the official 
TECHNOLOGY 2000 show program distributed on-site in the 
show registration area. 
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New Product Ideas 
New Product Ideas are just a few 
of the many innovations de­
scribed in this issue of NASA 
Tech Briefs and having pro­
mising commercial applications. 
Each is discussed further on the 
referenced page In the approprl-

ate section in this issue. If you 
are interested in developing a 
product from these or other 
NASA innovations, you can 
receive further technical informa­
tion by requesting the TSP 
referenced at the end of the full-

length article or by writing the 
Technology Utilization Office of 
the sponsoring NASA center (see 
page 24). NASA's patent­
licensing program to encourage 
commercial development is 
described on page 24. 

Improved " Smart" 
Robot Hand 

A developmental "smart" robot hand 
features a high·speed electronic data for­
matter and synchronizer and a high-speed 
bidirectional optical-fiber link for the 
transmission of data to and from the host 
computer. The rate of transmission of data 
to and from the hand is about 100 times 
that of previous versions. 
(See page 38) 

Fast Feature-Recognizing 
Optoelectronic System 

A proposed optoelectronic system 
would recognize features or classify im­
ages by processing the outputs of photo­
sensors rapidly through circuits developed 
in research on neural networks. Potential 
applications include robotic vision systems 
and pattern recognition. 
(See page 42) 

Zoom Vision System 
for Robotic Welding 

A rugged zoom lens subsystem pro­
posed for use in the along-the-torch vision 
system of a robotic welder would enable 
the system to adapt to gas cups of different 
lengths, electrodes of different protrusions, 
and/or different distances between the end 
of the electrode and the workpiece. 
(See page 82) 

Segmented Coil 
Fails in Steps 

An electromagnetic coil degrades in 
steps when faults occur. Coils of this type 
can be used to control valves in such 
critical applications as the cooling systems 
of power generators and chemical process 
equipment, particularly where flammable 
fluids are handled. 
(See page 36) 

Adjustable Induction­
Heating Coil 

An induction-heating work coil features 
three segments that can be adjusted in­
dependently to obtain the desired distribu­
tion of temperature. Successful results 
were reported from both a 5-kW radio­
frequency and a 5O-kW audio-frequency 
induction heaters. 
(See page SO) 
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Making Lightweight 
Structures by Vapor 
Deposition 

A technique has been developed for the 
fabrication of strong lightweight structures 

of silicon carbide or other materials by any 
of several deposition processes. The struc· 
tures can be made in complicated shapes, 
which could lead to new products in 0p­

tical, automotive, and aerospace fields. 
(See page 81) 
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f e can give you 3-day delivery on 
o e protot pe rubber part - how long 
will itt ke fo .. ar? 

Try u You'll be surprised. Our modern 

• 

manufacturing faci lities ensure on-time delivery - on 
orders from 100 to 1 billion units at very competitive 
prices. And our SPC Program assures you of 
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HOW YOU CAN BENEFIT 
FROM NASA's 
TECHNOLOGY 
UTILIZATION 
SERVICES 
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the world's largest banks of technical data. Nearly 500 computerized data bases, ranging from NASA's own data base to Chemical Abstracts and INSPEC, 
are accessible through the ten lACs located throughout the nation. The lACs also offer technical consultation services andlor linkage with other experts 
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J. Ronald Thornton, Director 
(904) 462-3913 
(800) 354-4832 (FL only) 
(800) 225-0308 (toll-free US) 

NASAlUK Technology 
Applications Program 
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assistance. Staffed by professional engineers from a variety of disciplines, the Application Team works with public sector organizations to identify and 
solve critical problems with existing NASA technology. Technology Application Team, Research Triangle Institute, P.O. Box 12194, Research 
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Technology Utilization Officers & Patent Counsels-Each NASA Field Center has a Technology Utiliza­
tion Officer (TUO) and a Patent Counsel to facilitate technology transfer between NASA and the private sector. 

If you need further information about new technologies presented in NASA Tech Briefs, request the Technical Support Package (TSP). If a TSP is 
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Jet Propulsion Lab_ 
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Fax (205) 544-3151 
Patent Counsel: 
Bill Sheehan 
Mail Code CCOI 
Marshall Space Flight 
Center, 
AL 35812 
(205) 544-0021 
Lyndon B_ Johnson 

Lyndon B_ Johnson 
Space Center 
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~~ External Peltier Cooler for Low-Noise Amplifier 
An inexpensive module could be retrofitted to an existing amplifier. 

Lyndon B. Johnson Space Center, Houston, Texas 
An inexpensive Peltier-effect cooling 

module made of a few commercially avail-
able parts could be used to reduce thermal 
noise in a microwave amplifier. The module 
can be retrofitted to almost any microwave 
low-noise amplifier or receiver preamplifi­
er used in communication, telemetry, or 
radar. Previously, to take advantage of 
cooling by the Peltier effect, it was neces­
sary to replace the entire amplifier by one 
that contains a built~n Peltier cooling chip. 
Other amplifiers have been cooled by liquid 
nitrogen, which is expensive. 

The retrofitted cooling module (see fig­
ure) includes a copper or aluminum cold 
plate that is held tightly against the unit to 
be cooled by strap-type wormiJear clamps 
(known popularly as "hose clamps"). The 
Peltier-effect heat pump transfers heat 
from the cold plate to a finned heat sink, 
through which air is drawn by a fan. A sili­
cone heat·transfer grease improves the 
thermal conductances of the interfaces 
between the Peltier chip and the cold plate 
and between the Peltier chip and the finned 
heat sink. The unit to be cooled, the cold 
plate, and the exposed sides of the Peltier 
chip are covered with sprayed foam insula­
tion. 

The retrofitted module can reduce the 
temperature of the cooled amplifier by as 
much as 50 °e. Under appropriate condi­
tions, this could result in an increase in gain 
of 2.5 dB and a decrease in noise of 0.25 
dB. 

This work was done by Terry A. Soper of 

• 
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The Peltier· Effect Cooling Module would be strapped onto the amplifier to be cooled. 

Lockheed Engineering and Management No further documentation is available. 
Services Co. for Johnson Space Center. MSG21422 

~~Voltage.Boosting Driver for Switching Regulator 
A capacitative booster supplies increased turn-on voltage efficiently. 

Marshall Space Flight Center, Alabama 

A driver circuit assures the availability of 
the 1(} to 15V gate-to-source \Qltage need­
ed to tum on the n<:hannel metal oxide/semi­
condllctor field-effect transistor (MOSFE1) 
that acts as the switch in a switching \QItage 
regulator. The driver includes a \QItage-boost­
ing circuit that efficiently provides a gate 
voltage 10 to 15 V above the supply voltage. 

26 

The driver contains no exotic parts and does 
not require an additional power supply. 

The driver is an integral part of the switch­
ing regulator, and is illustrated schematically 
in the figure. The driver consists of a NAN D 
gate and a dual voltage booster operating 
in conjunction with a pulse-width modulator 
that is also part of the regulator. The driver 

tums switch M1 on and off at the pulse rate 
of 40 kHz (set by the pulse-width modulator). 
The regulated output \Qltage is controlled 
by controlling durations of the pulses and, 
thereby, of the "on" and "off" periods of the 
switch. These, in turn, are controlled by the 
pulse-width modulator, which responds to 
the feed:)ack \Qltage Signal by adjusting the 
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durations and phases of the pulse trains CA 
and CB that it puts out. When CA and CB 
are both high, M, is held off by the NAND 
gate. When either CA or CB is low, M, is 
turned on. (Internal logic in the pulse-width 
modulator prevents both CA and CB from 
being low at the same time) 

The dual YOltage booster is based on the 
well-known capacitive-YOltage-booster prin­
ciple. Assume, for example, that during the 
first part of a cycle, CA is high and CB is 
low. 0 3 is saturated, and its collector is 
-0.2 V below the filtered 28-Vdc supply. C3 
was charged to about 13.5 V during the sec­
ond part of the preceding cycle, causing the 
anode of Dg to be -13.5 V above the col­
lector of 0 3 and enabling the gate of M, to 
be -12.5 V above the filtered 28-Vdc sup­
ply. This voltage is more than enough to keep 
M, switched on (except when the NAND 
gate keeps it off). During this part of the cy­
cle, C2 is being charged via 06 and Rg. 

During the second part of the cycle, CA 
is low and CB is high. O2 is saturated and 
its collector is -0.2 V below the filtered 
28-Vdc supply. The charge accumulated on 
C2 during the first part of the cycle is suffi­
cient to keep the gate of M, -12.5 V above 
the filtered 28-Vdc supply and thus turned 
on (except when the NAND gate keeps it 
off). During this part of the cycle, C3 is be­
ing charged via 07 and R1Q. During both 
parts of the cycle, O2 and R3 prevent the 
gate-te-source voltage from exceeding the 

28 

Regulated 
Altered 28-Vdc l, 

+15V 
Supply M, To L.ood 

~ ~ 't... R3 C' T 

'S'v 
OutpUt -= 

a , 
D:I ~~ 

A lt. 

(,~'v,~~ ,.,.3 V D:I 
-

-= I R. 

----, 

-tt2 
I 

,~ 
'OK I A5 

~' Oe 07'~ D:I 
~ 

~ 
5.11K 

I 

~ ~' ,,, I '.7tJ= H,.F NAND I 
Gate L.: ~ ~ :'8 ~ l)~ As 

~ L 
15K 15K 

Rg" 
.... .... ;1 

R,O 

-u-u- 'OK 10K 

-~ -- ----1 
C .. .... 

Pulse-Width -= -= 
Modulator CB --u--u- +B SGl524 

'OK Feedbadt voU~ 

l i°S. 01, 02,03: 2N2907 M2: 2Ne188 

-=- o.termlned 
Ml:2N616' 0, Through Og; IN''''8 

The Driver Circuit, consisting of the NAND gate and the dual voltage booster, provides a voltage 
- 12.5 V above the 28-V supply to turn on switching transistor M, . 

rated value for M, and assure reasonable 
operation in the event of a small load (even 
an open circuit). 

The driver can be made of readily avail­
able, inexpensive components. It could even 
be made as an integrated circuit, possibly 
integrated with the pulse-width modulator, 
by a process similar to that used to make 
the pulse-width modulator. It can operate 
aver a wide range of primary supply YOltage, 
pulse rate, and temperature 

Circle Reader Action No. 636 

This 'NOrk was done by Ronald C. Trump 
of Honeyooll, Inc., for Marshall Space 
Flight Center. For further information, Cir­
cle 87 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 24]. Refer 
to MFS-28437. 

NASA Tech Briefs, November 1990 



1 

2 

3 

A APPLlCATIO. 'S EXAMPLE. 
\fhile the following example is for alr­
craft, itcould apply to any alr, land, sea 
or pace ~ tern. 

EQ 'E 'CE ONE: The four-pushbutton 
displ.ay reads "m GlNE TART.~ "BAT­
TERY OK;' "FUEL OK.~ oXYGm OK." 
The operator elects M ElGI. 'E TART." 
SEQ ENCE TWO: The four ­
pu hbutton display now changes 10 
read "E:G1 E OK:' " HYDRLC OK ," 
"POWER OK," "CHECKU t"Theoper­
alOr selects "CHECK UST." 
SEQ E CE THREE: The four ­
pushbutton display now read "CHECK 
ICE ," " CHECK FLAPS ." " CHECK 
BRAKE:' "SYSTE. t OK ." In thiS man­
ner, the designer can program in as 
man sequences as reqUired. 



~~ Failures of CMOS Devices at Low Radiation-Dose Rates 
The failure dose depends on the dose rate. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A method for obtaining approximate fail· 
ure-versus-dose-rate curves has been de­
rived from experiments on the failures of 
SGS 4007 complementary metal oxidel 
semiconductor (CMOS) integrated circuits 
irradiated by eoOO and Cs 137 radioactive 
sources. The experiments had focused on 
the effects of the dose rate on the total fail-

ure dose and on the possible existence of a 
different failure mechanism at low dose 
rates. 

Four SGS 4007 devices were irradiated 
by C0 60 at 20 rad(Si)/s, four at 0.50 
rad(Si)/s, and three at 0.014 rad(Si)Js. Three 
devices each were irradiated by Cs 137 at 
0.021 rad(Si)/s and 0.010 rad(Si)/s. The de-

30 
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The Failure Dose varies with the dose rate. 
Note that the failure dose is low at low dose 
rates, indicating the existence of a low­
dose-rate failure mechanism. 

vices were connected to an HP4062C 
Semiconductor-Parameter Test System, 
which applied the appropriate biases and 
measured drain-to-source leakage cur­
rents and threshold voltages. For the pur­
pose of this study, failure was deemed to 
occur when the current or voltage parame­
ter in question exceeded the value speci­
fied by the manufacturer or the JPL project 
requirement. 

The data obtained in these experiments 
show that the failure dose increases with 
the dose rate, reaching a peak at a dose 
rate of rv1 rad(SI)/s, then decreasing, then 
leveling off above rv200 rad(SI)/s (see fig­
ure). The Iow-dose portion of these data 
adds to the evidence of a different failure 
mechanism at low dose rates, and the ex­
perimenters recommend that other radia­
tion-effects researchers investigate this 
phenomenon. 

Examination of the plots of these data 
suggested an economical way to obtain an 
approximation to the parameter-failure­
versus-dose-rate curve and to determine, 
without having to irradiate the device to 
failure, that dose rate at which a device 
would fail before it would fail at any other 
dose rate. Plotting a parameter (e.g., thresh­
old voltage shift) that decreases with the 
dose rate indicates clearly the dose rate at 
which the parameter is most sensitive to 
radiation and will reach a failure value first. 
Plotting the reCiprocal of an increasing 
parameter (e.g ., the drain-to-source 
leakage current) versus the dose rate 
yields a first approximation to the failure 
curve, even though the total dose is less 
than the failure dose. 

This work was da7e by07ar/es A Goben 
and William E. Price of Caltech for NASA's 
Jet Propulsion Laboratory. For further in­
formation, Circle 79 on the TSP Request 
Card. 
NPO-17868 
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.... ~ Multi-Quantum-Well Spatial Light Modulators on Si Substrates 
Features would include short response times, high resolution, and low switching energies. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A proposed new class of twcxjimen· 

sional spatial light mcxlulators (SLM's) 
would be based on the fabrication of multi· 
quantum-well (MOW) structures (e.g., of 
A1GaAs and InGaAs) on silicon substrates. 
SLM's are essential components of optical 
data processing systems. At rresent, 
large-format, high·speed SLM's with low 
power consumption are not available. 

ceo 

~~.~BuHer 

The new concept is to make two-dimen­
sional SLM arrays by taking advantage of 
the mature technology of silicon charge­
coupled devices (CX::O's), recent develop­
ments in the technology of GaAs/Si inter­
faces, and continuing research on MOW 
and other artificial microstructures made 
of elements from Groups II and V of the 
pericxlic table. The following technological 
advances are particularly relevant to the 
fabrication of promising new MOW SLM 
structures: 

This Multi-Quantum­
Well Spatial light Mod­
ulator would include a 
Si CDD-like device in­
legraled monolilhically 
wilh an InGaAs/GaAs­
multiple-quanlum-well 
device. 1111111111 

1 1 

branes no thicker than the depletion 
depth, and 

- The develq::xnent of high-resistivity silicon 
and the concomitant ability to make deep 
depletion layers in silicon, 

- The developnent of techniques for the 
laser-assisted depoSition of GaAs on 
CX::O's and other silicon-based multiplex­
ing devices at temperatures low enough to 
avoid damage to previously deposited 
metal gates. 
The prOJXlSed device, illustrated schemat­

ically in the figure, woold operate in an at>­
sorptiDnlreflectm mode using an NGBAsI 
GaAs MOW structure. The absorption in 

- The development of advanced etching 
techniques that make it possible to thin 
CX::O's and CX::O.jike structures to mem-
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CaD 1 (800) SAY-GRAF - 1 (213) 546-8818 - FAX 1 (213) 540-3492 

3-D VISlmNS 
412 . Pacific Coast Highway, Second Floor, Redondo Beach, CA 90277 

·Rq>ri .. od with ....... _ I,om PC M.pm.. Mardi 14th. ("OP)rieh< 1989lilr ("ommunlcoli ..... Co. 
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the MOW structure is caused by the 
quantum-confined Stark effect (QCSE). 
Such MOW structures have been shown to 
have short response times and low switch­
ing energies. In addition to the circuitry for 
the CX::O-like structure with which the 
MOW portion of the SLM would be inte­
grated, the silicon portion of the monolithic 
device could also include other signal­
processing and/or logic circuitry. 

Directly on top of the back surface of the 
silicon CCO would be a strained-layer 
superlattice (SLS) buffer layer. This layer 
lowers the defect density at the interface 
and enhances the transmission of the 
mcxlulating electric field to the MOW struc­
ture. Between the buffer layer and the 
MOW stack is an A1GaAs1GaAs 1/4 -wave 
reflector that reflects the optical read­
beam back through the MOW structure 
and prevents the beam from entering the 
silicon CX::O. 

It would not be necessary to incorporate' 
any of the twcxjimensional SLM structure 
into the MOW layers; instead, the size and 
resolution of the two-dimensional array 
would be determined by the stucture of the 
silicon CX::O-like part of the device. The 
CX::O-like array would transfer the charge 
or voltage pattern to the laterally uniform 
MOW layers, which would have only a 
single common electrcxle. 

The SLM's should be optically and elec­
trically addressable. The electrically ad­
dressable mcxle is the more Significant 
capability because of the lack of large­
format, high-speed electrically address­
able devices. 

This work was done by James A O.Jtts, 
Joseph Katz, and Philip J. Dumont of Gal­
tech for NASA's Jet Propulsion labora­
tory. For further information , Circle 44 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 24]. Refer to 
NPO-17651. 
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IS YOUR CAR DYING 
OF NATURAL CAUSES? 

Now you can stop that deadly friction that tears away at your engine 

Yon've seen tbe prlee ot new 
cars-tbey go up nerr year! Can get 
OImsler_prka &d bJ&ber-lt never 
seems to end. There are lots or 
reasons to bep that nIcIe car of)'ODl'S 
on the road as long as possible. 

Car sales are down and TuroD sales 
are up. People are smart...tbey're 
taIdng the eeonomlc::al way out and 
what could be easier than TuroD. Just 
add 8 07.. to the crankcase the Drst 
time and 4 07.. each time after that. 
You don't have to shake the container 
or add an engine Dush. Just pour It 
in and drive away! 

Your throttle will get silky 
smooth •. .acceleration will impr ove. 
One customer said his car "takes ofT 
like a scared rabbit!" 

Tufoil works wonders ror all known 
engine oils. It's actually slipperier 
than TeDon (according to a famous 
U.S. Government laboratory). 

You'll get astonishingly rast starts on 
cold mornings with both diesels and 
gas engines. The Canadian govern· 
ment tested Turoil at It's cold ~ons 
lab. They showed faster cranking and 
significant fuei savings with Tufoil. 

What about additives that claim to be 
a one·time treatment that will last the 
life or an engine? Well, Itve been fol· 
lowing the scientific literature on 
lubrication for a very long time. As 
far as I know, there isn't a shred of 
sclentinc evidence for sucb a claim. 
So don't believe it! 

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

LAST ..• AND LASTI 

mEAT YOUR CAR 
TO ONE 8 Oz. BOTTlE OF 

TUFOIL FOR ONE OIL CHANGE 
You'll notice quieter, smoother opera· 
tion, quicker starting, sDappy ae­
celeratlon! If you don't, Just send us 
proof orpurebase and we'll mUDd the 
price of an 8 OUDce container. 

Send lor Tuloil today and prove to your­
self the fII'I'\8UIg Increase In yoot car's 
performance. Fin In the COUJ;lOO today 
or call TOLL-FREE arry time, 24 hours 8 

dat· 
1-800-922-0075. 1J 

rR~F .. Products based on TUF 0 t~';;;I~y Check 
one with each order 01 2 bottles or a quart. Check 2 for each . ..... --.""" rus h my TUF OIL order: 
gallon order. Values range from $3.98 to $9.95. I 0 ONE 8 oz bottle treat one car lor 
D TUFOIL Gun-Coat - Super rust inhibited. smooth action I $1425 (plus $3.50 shipping and 
D TUFOIL Compu-Lube - Low vIscosity lor computer handling) See money back 

mechanisms I guarantee. 
D TUFOIL Lighlnlng Grease - EaSily sheared grease lor I 

Instruments 0 TWO 8 oz bottles . . treat two cars 
D TUFOIL Lublt-8 General purpose, household use I lor $2500 (pluS $4.00 sh'ppmg 

lubncant I and handling) SAVE $6.00 
.. brochures . I 

o 30 Questions/Answers about TUFOIL I 

'lit-en 
~ ... ~Ol'u\.."~ t.lECtl ,,"'ICS 

)1~.I.d lUfOll... llleI>Ol,ed 
.>~ " 'TUfOll is abSDIu'el'i 

~ ~~Pt!t.t.acu\a,r· 

"I 

I 

D ONE Quart bottle ..• treat .. caTS 
lor $34.95 (Plus $4 00 shipping 
and handling) 

C ONE GALLON .•. treat 16 cars lor 
$12500 (plus$6.ao shipping and 
handling.) 

We ship within days! 
MONEY SACK GUARANTEE ON s-oz. 

" INVENTOR OF THE YEAR " AWARD 
AND INOUCTION INTo 

.. N.J . INVENTORS HAll OF FAME " 

GOES TO INVENTOR OF TUFOIl 

sw, fit, t4IIe ~ ~ e4If/ 

Engines last longer with Tufoil. Our 
1976 476 T·Bird is now at 190,000 
miles and purring. 

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

Several months ago, a nice man I'd 
never seen before walked into my of· 
fice, big smUe on his face, sat down 
and said, "Would you believe 340,000 
miles on a Tufoil engine?" He went on 
to rave about how well his engine has 
been running all these years. I 
couldn't get a word in edgewise. 

Recently, a truck drivel' called in with 
over 1,000,000 miles on a diesel using 
Tufoil • WOW! 

A customer from Vermont added 10% 
Tufoil to his sticky mechanical trans· 
mission, called in and said he couldn't 
believe 1t_"Shifting Is like slicing but· 
tel" now!" he said. 

SAAB owners are writing letters 
praising Tufoil in their "NINES· 
magazine. They report spectacular 
improvements in their engines and 
transmissions! 

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

No other lubricant eyen comes close. 

~ Fluoramics, InC. lmI-ll 
~ 18 Industrial Avenue 

Mahwah. NJ 07430 
My cMck Of money order lor $ ___ .. encIoeed 

Charge my CtedII catd: 
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~ ~ -----------------­
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.... ~ Preventing Simultaneous Conduction in Switching Transistors 
High voltage spikes and electromagnetic interference are suppressed. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A power-supply circuit that includes two 

switching transistors is easily modified to 
prevent simultaneous conduction by both 
transistors during the switching intervals. A 
diode connected between the collector of 
each transistor and the driving circuit for 
the opposite transistor suppresses the 
driving Signal to the transistor being turned 
on until the transistor being turned off has 
ceased to carry current. 

Power transistors turn on much faster 
than they can turn off. In a driven SWitching 
system like a converter or inverter, this ef­
fect can cause simultaneous conduction 
of the switching transistors, which sets up 
a short circuit across the transformer. 
When this occurs, the collector current is 
limited only by the source impedance and 
the transistor gain. During this simultaneous­
high-conductance state, the resulting high 
current and the transformer leakage in­
ductance combine to generate high volt­
age spikes that produce large amounts of 
electromagnetic interference and can 
easily destroy the transistors. 

In the modified circuit (see figure), the 
cathodes of the diodes are connected to 

Two Diodes (shown 
here in color) are added 
to this inverter circuit to 
prevent the application 
of the driving signal to 
switching transistor 0 , 
until switching 0 2 stops 
conducting , and vice 
versa. 

the collectors or drains of the switching 
transistors. The anode of each diode is 
cross-strapped to the input of the driving 
circu~ of the opposite transistor. When one 
of the transistors is conducting, its collec­
tor is nearly at ground potential. Through 
the diode, this places the output of the driv­
ing circuit for the other transistor close to 
ground potential, thus shorting drive cur­
rent to ground. Some finite time after the 
drive signal to the conducting transistor is 

II[ 

turned off, this transistor stops conducting, 
the diode becomes back-biased, and the 
driving circuit of the transistor that was 
previously not conducting can turn that 
transistor on. 

This vvork was done by Colonel William 
T. MeLyman of Caltech for NASA's Jet 
Propulsion Laboratory. For further infor­
mation, Orele 55 on the TSP Request Card. 
NPO-1mS 

ANNODNCING: A ,.ODGH FORMABLE 
INSDLA,.ION ,.HA,. CAN GO ,.0 HELL ... 

PYROPEL~: a new concept 
in structural insulation. 
Pyropel is a new lightweight, high tempera­
ture, non-woven insulation material that can 
be used in flat sheets or formed into a variety 
of shapes. It is 100% polyimide and contains 
no resinous binders. This, combined with 
its fibrous, three-dimensionally reinforced 
construction, gives Pyropel significant 
design, performance and assembly 
advantages over more conventional 
insulation materials. 

-300°F to +600°F. 
The use of polyimide permits extended 
performance at cryogenic temperatures as 
low as -300·F, and continuous use in applica­
tions that reach temperatures as high as 
+600·F (and short-term exposure up to 
+800·F without losing thermal or dimensional 
stability). Pyropel does not melt, drip or sup­
port combustion. It has a low heat release and 
emits almost no smoke. 

Rigid, lightweight, 
resists damage. 
Pyropel 's three-dimensionally reinforced struc­
ture provides exceptional rigidity and strength. 
It is extremely lightweight, with densities as 
low as 12 Ibslff! and in thicknesses from 0.063 

34 

to 0.38 inches. Pyropel makes an excellent 
core material where thermal insulation and/or 
acoustic dampening are required. It can be 
bonded easily with thermoplastic adhesives 
and is chemically inert to acids and solvents. 

Reduce assembly and 
maintenance costs. 
Pyropel is available in flat sheets or custom 
shapes tailored to your requirements. It can 
be formed into self-supporting covers, lids, 
housings, sidewalls and ducts-combining 
features that save assembly time and 
expense. 

Free test samples. 
Prove to yourself how well Pyropel performs 
under fire. Write or call today for your free 
literature and product sample. 

PYROPE~ 
structural insulation 
A product of Albany International, Inc. 
777 West Street 
P.O. Box 9114 
Mansfield, MA 02048 
508/339-7300 
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Rain-Blowing Plenum for Antenna Feed Horn 
Forced air is partly confined for maximum effectiveness. tory. For further information, Orcle 76 on 

the TSP Request Card. 

NASA's Jet Propulsion Laboratory, Pasadena, California 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 24]. Refer to NPO-17493. 

A double-diaphragm radome drives 
raindrops away from an antenna feed 
horn. It thus nearly eliminates the increase 
in noise temperature that occurs when 
water covers a radome. The double-di· 
aphragm design is particularly useful for 
X-band and higher frequencies, which are 
especially susceptible to the effects of 
water. 

A second diaphragm, perforated with 
holes 0.015 in. (3.8 mm) in diameter on 
O.040-in. (1-mm) centers, is placed outside 
a conventional diaphragm·type radome, 
forming a plenum with the inner dia­
phragm. Air forced into the plenum flows 
out through the holes, floating raindrops 
away from the outer surface (see figure). 

The usual method of clearing rain from a 
radome is to blow air through a duct, which 
directs the air across the outer surface. 
The new double-radome method not only is 
more effective in clearing the radome but 
also requires less air. It is therefore suitable 

for use with large radomes as well as with 
small ones. 

This work was done by Peter S. Hames 
and Scott R. Stewart of Planning Research 
Corp. for NASA's Jet Propulsion Labora-

~ 
I] "Plenum l~\' I 
Solid 

OIaphrlgm 

_Hom 

Row 01 
Prealurtzed 
Air 

The Double-Diaphragm Radome includes a solid diaphragm at the mouth of a feed horn 
surmounted by a perforated diaphragm. Pressurized air in the plenum between the diaphragms 
flows out through the perforations. 

~~Segmented Coil Fails in Steps 
Insulating barriers prevent propagation of failures . 

Lyndon B. Johnson Space Center, Houston, Texas.---------------------, 
An electromagnetic coil degrades in 

steps when faults occur - that is, it con­
tinues to operate at a reduced level instead 
of failing catastrophically. In addition, a 
fault does not damage adjacent compo­
nents or create a hazard. Coils of this type 
can be used to control valves in such criti­
cal applications as the cooling systems of 
power generators and chemical process 
equipment, particularly where flammable 
liquids or gases are handled. It can also be 
adapted to the electrical control of motors. 

The coil is made in segments connected 
in series and separated by electrically insu­
lating barriers (see figure). If a short circuit 
should occur between adjacent wires in a 
segment, it does not spread beyond that 
segment. The coil continues to function 
with the remaining segments intact. The in­
crease in current is restricted to that 
caused by the decrease in the electrical re­
sistance in the segment that failed. The in­
crease in temperature is not high enough 
to burn out the coil, damage adjacent com­
ponents, or cause a fire. 

The increase in current and reduction in 
function caused by failure of a segment 
can be detected readily. The faulty unit can 
then be replaced. 

A conventional, unsegmented coil, in 
contrast, relies only on the insulation on the 
wire for protection against short circuits. If 

36 

The Segmented Coil 
keeps a short circuit within 
a segment. In a conven­
tional coil , however, a 
short circuit between ex­
posed spots on adjacent 
wires can result in a rapid 
increase in temperature, 
destroying the entire coil. 

CONVENTIONAL COIL 

Electrical Insulation 

Electrical Insulallon 

that insulation fails, more and more heat is 
generated as the failure extends through 
the entire component. 

This work was done by Ronald S. 

SEGMENTED COIL 

Stedman of Rockwell International Corp. 
for Johnson Space Center. No further 
documentation is available. 
MSC-21S74 
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~~ Improved "Smart" Robot Hand 
Collection of sensor data is speeded a hundredfold. 
NASA's Jet Propulsion Laboratory, Pasadena, 
California 

An improved version of a development­
al "smart" robot hand is equipped with a 
bidirectional, wide-band optical-fiber link for 
the transmission of digitized strain-gauge 
force- and torque-sensor signals from the 
hand and for the transmission of command 
signals to the motor drive unit on the hand. 
The rate of transmission of data to and from 
the hand is approximately 10 kHz, which 
is about 100 times that of previous versions. 
The higher data-collection speed makes it 
possible to perform advanced processing 
of the sensor data in a host processor; that 
is, in a computer located elsewhere than 
on the hand. 

In a typical previous version of the 
"smart" robot hand, a microprocessor has 
performed the data-collection and com-
munication functions. This feature tends to 
limit the speed at which data can be col-
lected. Furthermore, the strain-gauge excita-
tions have been limited to about 12 Vdc be-
cause higher applied voltages would heat 
the strain gauges excessively. However, 
higher excitations would be desirable be-
cause they would increase the signals re-
ceived from the gauges while leaving noise 
levels constant. The new design addresses 

The Improved "Smart" 
Robot Hand features a 
high-speed electronic 
data formatter and syn­
chronizer and a high­
speed bidirectional opti­
cal-fiber link for the 
transmission of data to 
and from the host com­
puter. 

Optical Fiber In 

To/From Hoat { 
Processor Optical Fiber Out 

3().V 

SUpply 

MODEL C " SMART" ROBOT HAND 

Analog-to-
Digital 

Converter 
and Input 

Multiplexer 

Motor 

Grip-Force 
Sensor 

Input From 
Strain Gauge 

both the speed and the signal-to-noise-ratiO/ 
heating issues. 

SIGNAl·PROCESSING SUBSYSTEM ON " SMART" ROBOT HAND 

The improved robot hand (see figure) in­
cludes an electronic unit called the "state 
machine," which is a high-speed, custom­
designed circuit that generates clock signals 
and synchronizes and formats incoming 
command signals and outgoing sensor-data 
signals. The state machine serves as the 
interface between the data bus on the hand 
and the bidirectional, high-speed optical­
fiber link. Because of the high bandwidth 
of the optical link, it is no longer necessary 
to process the data locally in the hand. All 
data-processing functions are performed at 
the host processor, permitting the applicable 
software to be written in a familiar and con­
venient development environment. 

Because the strain gauges in the im­
proved hand are excited by pulses of only 
5-ps duration, the excitation signals can be 
made as large as 100 V without causing ex­
cessive heating. This increase results in a 
tenfold increase in the signal-to-noise ratios 
of the sensor outputs. Furthermore, the 
strain-gauge excitations can be varied via 

38 

software to vary the full-scale force or torque 
range. By use of this feature, the digitized 
sensor outputs can be maintained at 12-bit 
accuracy, no matter what range is selected. 

As the figure also shows, the hand re­
sembles a motorized vise in which two jaw­
like fingers rTlOIIe along a linear bearing. The 
motor is mounted in the middle, between 
the left-handed and right-handed threads at 
opposite ends of a spindle, which drives the 
fingers in opposite directions. This is a direct­
drive configuration. Its prime advantage is 
that the motor is removed from the hous­
ing of the electronics to reduce the elec­
trical noise and give more room for the cir­
cuits. The fingers are nonbackdrivable, but 
a backdrivable version could also be built 
using a ball screw. The advantage of non­
backdrivability is that atter grasping, it is not 
necessary to maintain motor current to hold 
the object. This results in less diSSipation 
of heat in both the motor and its driver cir­
cuit. 

The use of more sensitive strain-gauge 

sensor electronics makes it possible to In­
crease the sizes of the beams of the force­
and-torque-sensor portion of the hand. This 
makes the sensor portion sturdier, so that 
limit screws are no longer needed. In the 
original grip-force sensors, the strain gauges 
were mounted in the middle of the bending 
beams, where the sensitivity was small. In 
the new grip-force sensor, the strain gauges 
are offset to the ends, where the stresses 
are greatest. 

This work was done by Zoltan F. Szakaly, 
Zoltan Vigh, Antal Bejczy, and Timothy Ohm 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Circle 
86 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 24}. 
Refer to NPQ-17917. 

NASA Tech Briefs, November 1990 



That's why the IC/Discrete Parameter 
Database is on CD-ROM! 

Now do component research a new way. Software 
for your mM® AT® compatible and a database on 
CD-ROM provide fingertip access to over 1.1 mil­
lion ICs and discrete semiconductors from 1,100 
manufacturers. 
• Search for active and discontinued devices, com­

mercial and mil/ high reI. 

• Locate devices by component characteristic, IC 
generic number, manufacturer part number, 
Mil/ 883 part number, Mil slash sheet number, 
NSN or DESC drawing number. 

• Access over 272,000 manufacturers ' datasheets 
and 19,000 Mil spec/ QPL 38510 and 19500 slash 
sheets. ElCact images of the hardcopy versionl 
And, all the text, application notes, mechanical 
data, outline drawings, packaging and ordering 
information can be printed in seconds. 

All the critical information you need at the flip of 
a switch! 

The results? Time saving searching-and time 
is money. 
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~~System Predicts Critical Runway Performance Parameters 
Reliable current information is provided to pilots for runway-maneuver decisions. 

Langley Research Center, Hampton, Virginia 
The runway-navigation-monitor (ANM) 

and c rit ica l~istances-process electronic 
equipment are designed to provide a pilot 
with timely and reliable predictive naviga­
tion information relating to takeoff, landing, 
and runway-turnoff operations. The predic­
tive data will enable the pilot to make 
critical decisions about runway maneu­
vers with high confidence during emergen­
cies. Although a number of runway per­
formance monitors - from simple runway 
markers to computer-based decision­
making algorithms - have been in use, 
certain limitations exist with all of them. For 
example, runway markers are hard to read 
during poor viSibility, heads-down monitor­
ing systems increase a pilot's workloads 
during critical maneuvers, and decision­
making algorithms rely on data on the 
statuses of systems in aircraft. The new 
technique utilizes ground-referenced poSi­
tion data only to drive a purely navigational 
monitor system that is independent of the 
statuses of systems in an aircraft. 

the pilot reserves a section for the takeoff­
and"9Q-around (TOGA) maneuver in case 
of an emergency. When the aircraft is posi­
tioned so that the tracking sensors are 
within range of each other, the AN M makes 
it possible for the crew to know continuous­
ly the following: the distance to the end of 
the runway; where the plane will stop if it 

Threshold 

continues to use the present braking 
means; where the plane will stop if it uses 
the maximum braking means; where the 
plane will achieve the appropriate turnoff 
velocity if it continues to use the present 
decelerating means; and when, or where 
on the runway, the plane will reach the fi­
nal~ecision point for staying safely on the 

Not .. : 
1. Diltaoce To Decelerate a' Present 

Rate 10 Turnoff Velocity 
2. rnallJlCe to Turnoff 
3. Dfstance To StOP Using Maximum Braking 
4. Dlst.nce To Stop Using Current eraldng 
5. ~.I.nc. 10 End of Runway 

The critical runway distances are shown 
in the figure. In the landing case illustrated, Pred ictive Navigation Information independent of the statuses of systems in the airplane is 

provided continuously during runway maneuvers. 

Air Bearing Scanners 

234 East Mohave. Phoenix, Arizona 85004 FAX; (602) 257-0728 Phone: (602) 257-0407 
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Low Cost 
Alternative 

to Ball Bearings 

Self Generating. 
No External Compressor Required 

No Oil to Contaminate Optics 

Acoustically Silent 

Improved Rotational Stability 

Any Operating Attitude 

Hi-Directional Operation 

Life Greater than 20,000 Hours 

Rugged Design Eliminates 
Shipping and Handling Damage 

Call or write 
today for details_ 
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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 mM PC 
and PS/2, SUN, DEC VAX, lIP 9000 and 
Concurrent families of personal computers 
and workstations. 

GET THE P CTURE! 
800-424-3131; In MA 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-Imerworld Electronics, 01 521-2952; England-Adept Scientific, (0462) 480055; Biosoft., (0223) 68622; France-SM21, (I) 34810178; 
Sacasa, 69077802; West Oermany-DataJog, (02166) 46082; OigiJogger (7720) 38022; IS Informale1c (0631) 46007; Israel·Racom Electronics, 03-491-922; 

Italy-BPS Computers, (02) 61290221; lapan-AsLrodesign, 044-751-1011 ; Netherlands-Computer Engineering Roosendaal, 01650-57417; 
New Zealand-GfS Engineering, (09) 392464; Sweden-Systec, 013 110140; SwiIwland·Urech & Harr AG, 61 611325; Thiwan·Advantech, 2-351-2117 
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ground. ess equipment have been made ~sible 
The information provided by the RNM through the integration of new onboard 

also helps the pilot to assess the capability corrp..rtational p;:mers, new sensors coupled 
of the aircraft to make the next turning with avionics, and such new cockpit-dis-
maneuver. A<; the plane approaches a turn, play technology as cathode-ray-tube 
the pilot compares the radius of the limit displays and heads-up displays. The RNM 
turn vector (LTV) with the radius of the process equipment has been kept simple 
painted runway centerline. If the radius of by providing the crew with accurate 
the LTV is equal to or smaller than the ra- navigation data supplemented only by the 
dius of the runway centerline at the turnoff, statuses of critically changing distances. 
the cornering capability will be sufficient. If The RNM operates independently of 
the radius of the LTV is greater, the pilot other aircraft/systems, regardless of the 
should increase braking or abort the turn means used to accelerate or decelerate 
maneuver. the aircraft. The continuous predictive in-

The RNM and critical-distances-proc- formation provided by the RNM informs the 

crew upon touchdoM1 or takeoff whether or 
not the aircraft can be braked to a stop on 
the runway, whether it can be slowed suffi­
Ciently to make a tumoff, or whether there 
is sufficient distance to achieve a required 
takeoff acceleration prior to rotation . 
These predictions are continuously up­
dated throughout the maneuver, providing 
the pilot with the necessary information to 
make decisions about critical runway ma­
neuvers with confidence. 

This oork was done by Ernest W Millen 
and Lee H. Person, Jr., of Langley Re­
search Center. No further documentation 
is available. LAR-13809 

~~ Fast Feature-Recognizing Optoelectronic System 
Images would be classified rapidly from parallel readouts of signature vectors. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A proposed optoelectronic system 

would recognize features or classify im­
ages by processing the outputs of photo­
sensors rapidly, in parallel, through circuits 
developed in research on neural networks. 
The system would even be able to "learn" 
new patterns for subsequent recognition. 
The concept has obvious potential for ap­
plications in robotic vision systems and 
pattern recognition. 

The image is projected on a two<iimen­
sional array of photosensors, which could 
be photodiodes, photovoltaic cells, photo­
sensitive charge-coupled devices, or, as 
shown in Figure 1, optically modulated 
resistors made of photoconductive materi­
al - possibly hydrogenated amorphous 
silicon. Each such resistor acts as a syn-

Current Sensing 

apse, the analog connection strength of 
which is determined by the illumination in 
the corresponding pixel of the image. 

An amplifier at one end of each row con­
ductor senses the cumulative voltage drop 
in that conductor because of all the syn­
apses along the rem. An amplifier at one 
end of each column conductor sense the 
total current contributed by all the 
synapses along the column. The row and 
column amplifiers may be called X neurons 
and Y neurons, respectively, by analogy 
with some of the functions of neural net­
works. 

In this scheme, each synapse commu-

Input -
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r-.. 
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nicates with an X neuron and a Y neuron. 
The data in an image of Nx x Ny picture 
elements would be compressed into the 
analog outputs of the Nx+N neurons. 
These outputs constitute a feiure vector 
of Nx+Ny components. 

The analog feature vector is then con­
verted by threshold or lateral inhibitionl 
winner-take-all circuits developed at JPL 
(with further data compression) into a bina­
ry form suitable for subsequent proces­
sing. A<; shemn schematically in Rgure 2a, 
the resulting binary signature vector could 
be presented to a classifying neural net­
work - for example a Hopfield-type neu-
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Figure 1. An Array of Photoconductive Elements would serve as 
photomodulated connections in an electronic neural network, which 
provides high speed data compression to generate a feature vector. 

Output r\. r-.. ;::. 
Output -

Figure 2. The Feature Vector-schematic diagram shows neural 
network architectures for high speed feature extraction and pattern 
recognition. 

42 

(21)) 

"- '\,,!::' ., 
Feedback N.twort< (Hopfield) 

'\" ;:. 
I\. :::: 

(20) 

r\. r'\. ;. .... 
Feedforwa/d. Layered 

EXAMPlES OF ClASSIFYING NEURAL NETWORKS 

NASA Tech Briefs, November 1990 



You don't need to wait hours to True uPlug-And-Play" Compatibility With: 
change tapes. AIllant Pertec 

Our data compression option allows 
you to WIite up to 10GB per tape at up 
to 60 MB permmute. Completely 
unattended. 

You don't need to wait months for Alpha MIcro g~~ ~~ ~~oo Plexus 

other storage technologies to catch up. ~~~ g~g;t~A81 ~CRdntoSh ~d 
One 8 mm tape drive will already Arix DEC Unibus Novell Sequent Of course, the data compression 

feature is switch -selectable, so you can 
turn off data compression to read and 
WIite standard 8mm tapes. 

deliver more than they promise. 2',&T Gould PC 386/lx ~sys 
It's the digital CY-8200, nowwith Da:-e:~ ~M RT ~=nIx Wang 

optional data compression. And you 4lIdmore ... 

can get it exdusively from ContemporaryCybemetics Group. 
With data compression, the CY-8200 can quadruple 

the amount of data you can load on an 8mm cassette that 
fits neatly in your shirt pocket Meaning the already 
tremendous savings in man hours, media costs, storage and 

shipping are multi­
plied by four. 

Until now, the 
best8mmdriveon 
the market stored 
an impressive 
2.5 GB per tape at 

speeds up to 15 MB 
per minute. 

Plus it's a simple upgrade for the best tape drive built 
our CY-8200. Offering a complete range of standard 

interfaces, a 2-line, 40-column 
display option, and optional 
security card encryption. And 
assuring you of full support and 

a 12-month warranty from the leader in advanced 8mm 
helical scan technology. 

The CY-8200 with data compression will remain the 
best value in data storage for a long time to come. So 
now you've got many good reasons for calling us today 
at (804) 873-0900 
and no good reason 
for waiting. 

Rock landing Corporate Center ·11846 Rock landing· Newport News, Virginia 23606 • Phone (804) 873-0900 . FAX 

• Circle Reader Action No. 411 



ral network with feecback, in which signa· 
tures representative of all patterns or their 
categories to be recognized are stable 
states. /ls our electronic hardware imple­
mentations have already demonstrated, 
the feedback network (see Figure 2b) 
generates the best Hamming match (or the 
best Euclidean match when the analog 
prompt scheme is employed), at extremely 
high speed, since the effective search 
takes place in parallel. Alternatively, a feed· 
forward, winner·take-all circuit decides the 
best match, based on the highest inner 
product between the prompting vector and 

all the stored vectors, all computed in 
parallel. 

The feature vector could also be pre­
sented as a prompt to a multilayer feedfor· 
ward network (see Figure 2c) that has al· 
ready been " taught" all the patterns to be 
recognized. If the prompting feature vector 
matches one of those stored, the correct 
match or its label is obtained as output. A 
threshold or vigilance parameter can be 
dictated to set the level of mismatch for the 
similarity of patterns. If the mismatch is 
above the threshold, the system could 
store a new feature vector for such a sig· 

nificant/y new pattern, thus "Ieaming" to 
recognize the new pattern. 

This work was done by S. Thakoor and 
A. P. Thakoor of Galtech for NASA's Jet 
Propulsion Laboratory. For further infor· 
mation, Circle BOon 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 OfficfNPL [see 
page 24].Refer to NPO·17600. 

~~ Three-Zone Programmable Temperature Controller 
Heating by direct current assures low electrical noise. 

Marshall Space Flight Center, Alabama 

A microprocessor·based controller (see 
figure) regulates the electrical power sup­
plied to the heater in each zone of a three­
zone directional·solidification furnace. AI· 
though it is intended primarily for use in 
microgravity experiments aboard a KC-135 
airplane, the controller can also be used on 
the ground. In either environment, it offers 
the advantage of low electrical noise and 
consequent minimal interference with the 
low·level Signals put out by thermocouples 
and other sensors used in the experiments. 
This advantage is achieved by heating with 
direct (instead of alternating) current and not 
pulsing the heating current. 

The controller adjusts the current to each 
heater (0 to 6 A) by adjusting the voltage 
applied to the gates of a pair of parallel metal 
oxidelsemiconductor field-effect transistors. 
Because they are intended to operate in the 
active regions of their current,vs.·voltage 
characteristics, the power transistors are 
mounted on heat sinks. The control signals 
are generated by a digital central proces· 
sing unit, fed through a digital·to-analog con· 
verter, then fed to three operational amplifi· 
ers of gain 2, then to the power transistors. 

The central processing unit (CPU) includes 
an 8085 complementary metal oxide/semi· 
conductor (CMOS) microprocessor and two 
CMOS electrically programmable reack>nly 
memories (EPROM's). Thermocouple sig· 
nals that indicate the temperatures in the 
three zones of the furnace are fed to three 
digital temperature-display units and to the 
CPU through an analog·to-digital converter. 
The digitized temperature signal from each 
zone is averaged over 16 consecutive sam· 
piing periods, then fed to the CPU, which 
compares it with the specified zonal tem· 
perature and commands an adjustment of 
the corresponding heater current to bring 
the temperature toward the specified value 

The operator communicates with the con· 
troller via a keyOOard on a serial-communica· 
tion unit. When the controller is first turned 
on, control software in the EPROM's sets 
the initial operating mode. The operator is 
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Thermocouple Signals 
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___________ J 
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The Temperature Controller provides proportional control of the dc heater current in each heater 
in a three-zone fumace. 

prompted to specify the temperature for 
each zone. To prevent premature burnout 
by limiting the maximum current applied to 
each heater, the software limits the com­
manded rate of increase of temperature in 
each zone to about V2 °Cls. M. any time, the 
operator can press the "escape" key, caus· 
ing the controller to turn off the heater cur· 
rents and ask the operator to specify new 
zonal temperatures. 

This 'WOrk was done by Guy A. Smith and 
L Workman of the University of Alabama 
in Huntsville. For further information, Circle 
88 on the TSP Request Carel. 

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 24]. Refer 
to MFS·28435. 
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Hello, my name Is Jeffery 
Julian DeMarco, president and 
founder of Pyraponlc Indus· 
tries, Inc. II and Inventor Of tile 
Phototron~. Based on the 
proOf Of prtnclple that I un· 
veiled at the 20th International 
Conference on Environmental 
Systems IICES) In Williamsburg, 
VIrginia, the Phototron,t Is an 
artiflclal bIosphere that con· 
trois and standardizes an eco· 
system Of plants. Potentially a 
permanent life support ele· 
ment on Space Station Free· 
dam, the Phototron " Is a blo· 
logical water and air reclama· 

tion and recycling cham· 
ber that uses the natural 
filtering Of plants to pro· 
duce and maintain suffl· 
cient supplJes of potable 
water and food for terres· 
trial and extra terrestrial 
habitation. 

current prototypes 
housing a vartetyOfplants 
Including tomatoes that 
were grown from seeds 
contained aboard the Long 
Duration Environmental 
Facility (LDEF) In space for 
she years have shown that 
one Phototron® is theo· 

retlcally capable Of transpiring up to one gallon Of 
potable water every 24 hours. Tills Is baSed on one unit 
Of plant mass which equals a 45 Incll by 22 Inch area Of 
living plant matertal, Including root zones. Besides 
tomato plants, basil and cucumber plants have been 
examined for water reclamation capacities within 
Phototrons®. Test results thus far (see chartl have 
demonstrated readings of Total organic carbons (TOC) 
at 2.32 ppm +/ -0.05. current NASA standards and speCi­
fications for hygiene water on space Station and all 
future manned missions call for Ph readings between 
6.0 and 8.0, and TOCs less tllan 10.0 ppm, 

Current theories encorporated In tile Phototron® 
are being applied to define the parameters for recycling 
human urtne through natural plant transpiration, The 
goal Is to create an equilibrium for sustained human life 
In space for extended periods of time. A single 
Phototron..!!> controls the growth and production rates 
of up to six mature plants. The process Is felt to utilize 
six steps; Step 1: water or urine enters the Phototron® 
through the Sphagnum moss growing medium, Step 2: 
The natural microbe.s In the Spllagnum react and de· 
toxIfY the water, acting as a biologically enhanced carbon 
filter. Step3:TheoutersurfaceOftherootsactasaseml· 
permeable membrane. Step 4: The natural metabolic 
ability Of plants acts as a pump to move the water 
through the roots to the stem and outward to every 
leaf. step 5: Evapotranspiration, a process very similar' 
to human sweating, moves the water Into the first Of 
two phase changes. AS water transpires from the leaves 
It Istransformed from a liquid to a vapor and Is released 
from the plant In the form Of water vapor. Step 6: The 
water vapor exits the Phototron." and Is condensed on 
Inert colis cooled to a temperature below the dew point. 
This constitutes the second change, transforming the 
vapor back to a liquid state. 

The goal Is to feed urine to plants within a 
Phototron ·~. and produce pure drinking water. This 
process Is sophisticated and elegant. Coupled with tis· 
sue culture at the gene level, we plan to produce a plant 
that Is a super purifier. Using new techniques, In can· 
Junction with the Art Freytag Tissue Culture Institute, It 
Is our goal to prodUce a plant that can be grown optl· 
mally grown on or even depend on urea, one Of tile 
prtmary contaminants In urine, as a major food source. 
In this manner, 'the nitrogen from urea could be used to 
"feed· the plants, and the resulting transpiration can be 
used for drinking water. 



~~ Test Bed for Telerobots 
A versatile system keeps up with new technology. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

An assembly of electromechanical and 
electronic equipment (including comput· 
ers) constitutes a test bed for the devel· 
opment of advanced robotic systems for 
remote manipulation. Although intended pri­
marily for robots to be used in outer space, 
the test bed could be adapted to the de­
velopment of advanced terrestrial telero­
botic systems for handling radioactive 
materials, dangerous chemicals, and ex-

MSI offers the greatest range of hand 
controls, in more sizes, configurations 
and with more options than anyone else. 
In force and displacement type 
joysticks, trackballs and handgrips, MSI 
gives you off-the-shelf cost effectiveness 
with nearly open-ended customization 
options. 

Whether your application is com­
mercial, industrial, medical, scientific or 
military, whatever the operating 
environment - from the shop floor to 

plosives. 
The test bed serves as an interface 

among the human operator, the human 
test conductor, and the telerobot for evalu­
ation of the ability of the telerobot to per­
form such tasks as mechanical assembly 
and disassembly, mating electrical com­
ponents, in-flight and preflight inspections, 
refueling, removal of debris, and rescues. 
The test bed contains subsystems for ma-

outer space - MSI can deliver the precise 
control that meets your specifications, 
schedule and budget. For any application 
that demands the ultimate in hands 
on technology, specify and insist on MSI 
controls. All quality built for 
maximum value. 

When you need a solution to a 
technical control problem, call us and 
we'll be there. More information about 
MSI precision engineered controls is 
yours for the asking. 

Hands on Technology 
Measurement Systems, Inc., 
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chine vision, teleoperation, autonomous 
control, and planning of motions. It is de­
signed to facilitate enhancement with such 
features as operation with time delay, op­
eration in cluttered surroundings, and dex­
terous manipulation by incorporation of 
commercially available cameras, compu­
ters, robot arms, and other equipment. 

The operator control station of the test 
bed (see figure) includes two computer 
workstations equipped with video moni­
tors, a stereo vision display, two force-re­
flecting hand controllers, emergency-halt 
buttons, and computers for the mainten­
ance of internal status and communica­
tion with other subsystems. 

A task-planning-and-reasoning subsys­
tem gives the operator supervisory con­
trol over autonomous operations of the tel­
erobot. It enables the operator to plan 
tasks and gross motions at a high level. 
It accepts task aSSignments and direct re­
quests for action from the operator and 
translates high-level lasks into processes 
for remote execution by the run-time-con­
Irol subsystem described in the next para­
graph. It maintains a data base of objects 
in the workspace and the relationships be­
tween the objects and the capabilities of 

- -
~perator ~ Test 

Conductor 

-r T 
Operator Control 

Station 

I 
Task·Planning-
and·Reasonlng 

Local Subsystem 

------------r----- Site ------
Remote 

Run-~ Site .....,..,. 

s:::s= ManIpuIatorMnd-
ContrcMlechenlzatlon 

~ ~ 
I I 

Camera Arm Left and RI ght 
Robot Arms 

The Test Bed Combines Features not 
found in commercial systems. Its architec­
ture allows easy growth In complexity and 
level of automation. The system is a na­
tional resource for the validation of new 
telerobotic technology. 
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the telerobot. 
The run-time-control subsystem pro­

vides fine-motion and grasp-planning c0m­

mands for the arms of the telerobot. It de­
tects collisions. 

The sensing-and-perception subsystem 
furnishes the operator with up to five still 
or live video images. It provides machine­
vision stereo images to its object calibra-

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. 

Evaluation of an Aircraft· 
Collision·Avoidance System 

Data from simulated flights 
show that the system helps 
pilots avoid near misses. 

A report describes a study of pilots' use 
of a traffic alert and collision-avoidance 
system (TeAS \I) in simulated airplane 
flights. The report describes the metho-

Spacial 
Ollar 

Celebrate Amer­
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space with this 
high-quality 
sweatshirt from 
NASA Tech 
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Available In adult 

tion algorithms. It tracks moving objects, 
supplying estimates of the positions, orien­
tations, translational velocities, and angu­
lar velocities of the objects to the task­
planning-and-reasoning subsystem. 

The manipulators-and-control-mechani­
zation subsystem includes the robot arms 
and end effectors and force and torque 
sensors. It also includes universal control-

dology, summarizes the results, and pre­
sents conclusions. 

TCAS II gives an alert by light and sound 
when another aircraft is within 40 s of pass­
ing very closely. If the other aircraft still 
poses a threat 15 to 20 slater, TCAS \I ad­
vises the pilot to maneuver vertically or to 
continue on the same flightpath but alter 
the rate of ascent or descent. 

The subjects for the study were 16 air­
line flightcrews composed of 3 persons 
each. Each crew flew the same 8 simulated 
flight segments during a 10-h simulated 
duty day. Each crew was exposed to the 
same conflicting aircraft under full air traf­
fic control. Each crew flew under one of 
the following conditions: 
• No leAS \I on the aircraft On all cases, a 

simulated Boeing 727 airplane); 
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lers programmed to generate trajectories, 
exert servocontrol. and communicate with 
other equipment. 

This v.otk ~ done OJ Jacob R. Matijevic. 
Wayne F. Zimmerman, and Shlomo 
Dolinsky of Caltech for NASA's Jet Pro­
pulsion Laboratory. For further Informa­
tion, Circle 135 on the TSP Request Card. 
NPQ-17898 

• A minimal leAS II, without a dISplay of c0n­
flicting traffic; 

• leAS \I with a display that shcM'ed traffIC 
only when a conflict occurred; or 

• leAS II with a fulHime display of traffic in 
the vicinity. 
The study showed clearly that TCAS II 

helps pilots avoid close encounters. With­
out leAS, in 4 instances, the minimum sep­
aration between aircraft decreased to less 
than 1,000 ft (305 m) horizontal and 200 
ft (61 m) vertical simultaneously during 32 
flight segments. In one case, the minimum 
separation was less than 500 ft (152 m) 
horizontal and 100 ft (30 m) vertical. With 
TCAS, in no case during 96 flight segments 
were aircraft separated by less than 1,000 
ft horizontal and 200 ft vertical. 

The amount of information on the loca-



ADC Test Systems 
for DC to 10MHZ 

Burr-Brown's new PC-based Digital Signal Processing systems can help you test, 
evaluate, or develop applications for todoy's high performance, high speed 
AID converters. And, the prices start at only S10,eXn-

Accepting inputs from DC to 10MHz. the DSP-SYS603 and DSP-SYS701 offer very 
cost-effective solutions for working with Burr-Brown's ADC603 (12-blt. 1OMHz) 
and ADC701 (16-bit. 500kHz) devices as well as ADC's from other 
manufacturers. 

Use these systems for analyzing device performance in specific applications, 
for establishing and measuring specification profiles to certify device 
performance or for high speed signal conversion for DSP processors. 

Each system comes complete with: 

• Analog Signal Input System 
• SOMHz AT&T DSP32C DSP Processor Boord 
• Digital Input Buffer, if required 
• Dynamic Signal Analysis Software 
• DSP32C Code Generation Software 
• Quad Output Power Supply 

For detailed technical information about 
DSP-SYS603 and DSP-SYS701, or for a 
complete brochure detailing Burr-Brown's 
DSP solutions, co1l1-8()O...54U132. 
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tion of conflicting air traffic had little influ­
ence on the appropriateness of the re­
sponses of those crews who had leAS II. 
Responses were equally effective whether 
pilots had sound and light indicators only. 
a part-time display. or a full-time display. 
When pilots had displays. however. they 
took avoidance actions earlier and perhaps 
prematurely. before they observed the con­
flicting aircraft visually. 

This work was done by Sheryl L. 
Chappell. Charles E. Billings. and M. 
Christine Olsen of Ames Research 
Center; Barry C. Scott of the Federal Avia­
tion Administration, Robert J. Tuttell of the 
Naval Postgraduate School, and Thomas 
E. Kozon of Sterling Software Corp. Fur­
ther information may be found in NASA 
TM-100094 [NB9-1B037], "Pilots' Use of a 
Traffic Alert and Collision-Avoidance 
System (TCAS II) in Simulated Air Carrier 
Operations - Volume I: Methodology, 
Summary, and Conclusions." 

Copies may be purchased [prepayment 
required] from the National Technical In­
formation Service, Springfield, Virginia 
22161, Telephone No. (703)487-4650. Rush 
orders may be placed for an extra fee by 
calling (BOO) 336-4700. 
ARC-12367 

Details of Collision­
Avoidance Study 
Plans, forms, training 
narratives, scripts, 
questionnaires, and other 
information are compiled. 

A report provides background informa­
tion on and a detailed description of a 
study of pilots' use of a traffic-alert and 
collision-avoidance system (TeAS II) in 
simulated flights. The study is described 
in the preceding article. " Evaluation of an 
Aircraft-Collision-Avoidance System" (ARC-
12367). The document contains the follow­
ing parts: 
• lCAS Information Transfer: Handbook for 

Air Carrier Flightcrews: This document 
describes the experiments to be con­
ducted for the flightcrews who were to 
serve as subjects. It gives background in­
formation on lCAS II . the schedule of the 
experiments. the procedures and equip­
ment to be used. and other incidental in­
formation about the study. 

• Flight Plan and Aircraft Load Data: This 
document describes scenarios for the 
simulated flights. including information on 
the aircraft. cargo. fuel. routes. altitudes. 
and schedules. The scenarios were sub­
mitted to the participating air carriers so 
that they could prepare flight plans and 
dispatch papers in the form most familiar 
to the subjects. 

• Subject Flight TIme Questionnaire: This 
is a form that was filled out by each crew-
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member on arrival at the experiment site. 
It asks questions about age, cockpit posi­
tion, flying time, and other facts pertinent 
to the subjects' flight experience. 

• leAS Experimental Design: This docu­
ment describes the experiment, the types 
of leAS, conditions to be simulated, suI> 
ject groupings, equipment, and proce­
dure. 

• lraining Narratives: These are three train­
ing texts. Each covers one of the leAS 
II systems used in the experiment: with­
out traffic display. with traffic display on­
ly during conflicts. and with continuous 
display of traffic These narratives tell sub­
jects how the system works, what to ex­
pect, and how to react. 

• Description of Simulation Computer Inte­
gration: This document describes the air­
craft simulator and its computer hardware 
and software. 

• Subject Information Form: This form en­
abled the subjects to request reports on 
the experiment. 

• Experimenter Olecklist and Subject Brief­
ing Outline: This is a list of procedural 
items. 

• Quiz on leAS, Used During "Training: The 
title is self-explanatory. 

• "TeAS Airplane Flight Manual Supplement: 
This is an attachment to the FAA-ap­
proved flight manual for Boeing 727 air-

craft equipped with leAS._ 
• Forecast and Actual Weather: This docu­

ment describes weather on the simulated 
flight routes. 

• Air Traffic Control Script: This is the script 
followed by controllers in their communi­
cations with crewmembers in the simula· 
tor. 

• Encounters Used in the leAS Experi­
ment: This is a list of simulated conflict­
ing aircraft in each flight segment. includ­
ing a description of the aircraft and their 
positions with respect to the subjects' 
simulated airplane. 

• Data Forms Used by Observers: These 
are forms filled out by observers for each 
simulated encounter. The forms were 
used to analyze the crews' responses. 

• Workload Rating Scales: These are rating 
sheets filled out by subjects after each 
flight segment. They provide scales for 
rating the magnitude of mental demand, 
physical demand, temporal demand. and 
other factors. 

• "TeAS FbstfIight Questionnaires: These are 
forms used by subjects during debriefing 
sessions to evaluate TeAS II. 

• Verbal Debriefing of Subjects. These are 
forms used to record informal comments 
of subjects. 

• Human Factors of the leAS II Collision­
Avoidance System: Maneuvers Based on 
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Resolution Alerts: This is a report. based 
on the results of the study. on the effect 
of corrective resolution advisories on 
separation between conflicting aircraft. 

• Use of the leAS "Traffic Advisory Display 
for Evasive Maneuvering: This is a report 
on 14 inCidents. during the simulations, 
of maneuvering prompted by traffic-ad­
visory displays. 

• Postflight Questionnaire Results: These 
are averages of the responses of subjects 
to questions on the postflight question­
naire. 
This work was done by Sheryl L. 

Chappell. Charles E. Billings. and M. 
Christine Olsen of Ames Research 
Center; Barry C. Scott of the Federal Avia­
tion Mministration, Robert J Tuttell of the 
Naval Postgraduate School, and Thomas 
E. Kozon of Sterling Software Corp. Further 
information may be found in NASA 
TM1CXXJ94 [N89-1B03B], "Pilots ' Use of a 
Traffic Alert and Collision-Avoidance System 
(TCAS /I) in Simulated Air Carrier Opera­
tions - Volume II: Appendices." 

Copies may be purchased [prepayment 
required] from the National Technicallnfor­
mation Service, Springfield, Virginia 22161, 
Telephone No. (703)487-4650. Rush orders 
may be placed for an extra fee by calling 
(BOO) 33~7oo. 
ARC-123gB 
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Adjustable Induction-Heating Coil 
Three segments can be adjusted independently 

to obtain the desired distribution of temperature. 

Lewis Research Center, Cleveland, Ohio 

M improved design for an induction-heat· 
ing work coil facilitates the optimization of 
heating in different metal specimens. For 
the past 30 years, radio-frequency induc· 
tion has been an accepted method of 
heating metallic specimens for mechani· 
cal testing. However, the establishment of 
the optimum work-coil configurations to 
give uniform temperatures over the gauge 
lengths of specimens has remained a "black 
art." 

Heretofore, a typical induction-heating 
work coil has been wound from a single 
length of copper tubing. Tlle work-coil con­
figuration best suited for a particular ex­
periment is determined by trial in a series 
of experiments on suitably instrumented 
specimens. Variables of interest include 
the diameter, overall length, number of 
turns, spacing of turns, and grouping of 
turns of the coil. Tlle optimization of these 
variables by trial and error is time-consum­
ing and frustrating. 

Tlle approach adopted in the improved 
design was simply to subdivide the work 
coil into three segments (see figures). Each 
segment is attached to a positioning mech­
anism that enables independent adjust­
ment along both the vertical (axial) and ra­
dial On this case, horizontal) axes. Short 
lengths of copper tubing at the rear of the 
assembly are used to connect the three 
segments of the coil in series. Tlle assem­
bly is connected to the induction-heater 
power supply by two flexible power leads. 

Figure 1. The Induction­
Heating Coil is divided 
into three segments. 
each of which can be 
pOSitioned independ­
ently. 

58 Monolithic Unidirectional 
Planar Ring Laser 

58 Monolithic Unidirectional 
Nonplanar Ring Laser 

Books and Reports 

60 Adhesion Between 
Particles and Surfaces in 
a Vacuum 

Both a 5-kW radio-frequency (450-kHz), 
and a 5O-kW audio-frequency (9.&kHz) in­
duction heater have been used successfully 
with this fIXture for many high-temperature 
material-deformation tests. Temperature 
profiles in these experiments varied only 
within ± 3 "c of the nominal test tempera­
tures over a 1l2-in. (13-mm) specimen 
gauge length. 

Figure 2. A Uniaxial Specimen In a Thennochemlcal Test System is heated by a ~kW, three­
segment coil like those Illustrated in Figure 1. 

Tlle use of this fixture has significantly 
reduced the time needed to achieve re­
quired temperature profiles. Tllis results 
primarily from the capability to make ad­
justments to one coil segment without af-

50 

fecting the other two. It is worth noting that 
the concept of the segmented coil allows 
up to three different coil diameters to be 
used without difficulty to form a work coil. 
Also, the direction of the coil winding can 
be reversed with minimum complication in 
this approach. 

This work was done by Rod Ellis and 
Paul Bartolotta of lewis Research Cen· 
ter. Further information may be found in 

NASA TM-100151 [N87-26399]. "A High 
Temperature Fatigue and Structure Test­
ing Facility." 

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-14963 
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~J Fiber-Optic Coupler and Dynamic-Range Enhancer for CARS 
Simpler equipment yields higher coupling efficiency with fewer adjustments. 

Lang/ey Research Center, Hampton, Virginia 

In an improved, more efficient scheme 
for coupling a coherent anti.stokes Raman 
spectroscopy (CARS) signal from a meas­
urement volume to a monochromator, an 
optical fiber and two lenses are used in 
place of a previous complicated system 
of mirrors, prisms, and lenses that required 
many adjustments and exhibited poor 
coupling efficiency. Complementing the 
improved fiber-opt ic coupling scheme is 
an improved scheme for splitting the beam 
of light in the monochromator to enhance 
the dynamic range. A large dynamic range 
is necessary because in CARS (which is 
used to determine temperatures and con­
centrations of species in chemically reac­
ting flows), the intensities of the signals 
vary by factors of the order of 100 as tem­
peratures in measurement volumes rise 
from ambient to typical combustion values. 

In the improved coupling scheme (see 
Figure 1), numerical apertures are matched 
and magnifications are chosen so that the 
dimensions of the final image of a spec­
tral line nearly match those of one of the 
photodiodes in the linear array of photo­
diodes that constitute the detector in the 
spectrometer. The optical fiber has a di­
ameter of 50 p.m and a numerical aper­
ture of 0.2; the beam leaving the fiber is 
recollimated by a 10x microscope objec­
tive lens that has a numerical aperture of 
0.25. A vertical cylindrical lens of 75-mm 
focal length focuses the beam in the hori­
zontal plane to a width of 0.22 mm and 
a numerical aperture of 0.05 (approximate­
ly matching that of the monochromator) 
at the input location of the monochromator. 
A horizontal lens of 100-mm focal length 
focuses the beam in the vertical plane to 
a height of 2.0 mm (matching that of a 
photodiode) and a numerical aperture 
slightly less than that of the monochro­
mator, so that the beam underfills the mir­
rors and grating of the monochromator. 

For enhancement of the dynamic range, 
the beam is split inside the monochroma­
tor (see Figure 2). An optical wedge (or 
several such wedges) in the collimated 
beam between the first mirror and the dif­
fraction grating deflects a portion of the 
beam horizontally through a small angle 
to produce a secondary image. The inten­
sity of each secondary image depends on 
the size, angle, and location of the wedge(s). 
When the input intensity is high, one of the 
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Figure 1. Cylindrical Lenses focus light from an optical fiber into a beam of approximate­
ly rectangular cross section at the input plane of the monochromator. 
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Figure 2. An Optical Wedge diverts part of the beam in the monochromator to produce 
a less-intense secondary image. 

secondary images is selected as the pri­
mary image is saturated (over the range 
of the detector) and is therefore meaning­
less. 

This work \NaS done by Andrew Q Cutler 
of George Washington University for 

Langley Research Center. For further in­
formation, Circle 9 on the TSP Request 
Card. 
LAR-14235 
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l'J KD2P04 Polarization Modulator With Large Field of View 
Errors previously caused by convergence of light are expected to be eliminated. 

Marshall Space Flight Center, Alabama 

M irrpro.'Sd ~um cideuterium phos­
phate (KDlD,J electro-opticallinear-polar· 
ization modulator is suitable for use with qr 
tical instruments that have large (that is, 
wide-angle) fields of view. In principle, a 
KDi'O 4 electro-optical modulator of prior 
design can work perfectly if the input beam 
of light is parallel or nearly so (representing 
a narrow field of view), because at directions 
of incidence along the main optical axis, 
spurious effects that arise from the com­
bination of the Rx:kels Oinear electro-opticaQ 
effect and birefringence in the KDi'04 crys­
tal are zero. These effects appear and in­
crease, giving rise to output errors that in­
crease as the angle between the direction 
of incidence and the main optical axis in­
creases from zero. Thus, prior KD2PO 4 p0-
larization modulators have been limited to 
operation in small fields of view. In the im­
prCNed polarization modulator, the errors are 
suppressed in large fields of view. 

The improved polarization modulator in­
cludes the following components (see fig­
ure): 
• A KD2P04 modulator (modulator 1), the 

fast axis of which lies at +45°; 
• A quarter -wave plate, the fast axis of which 

lies at 0°; 
• A KD2PO 4 modulator (modulator 2), the 

fast axis of which lies at -45°; and 
• A plate of MgF 2' which is a positive uniax­

ial crystal. The modulated polarization is 
oriented at ±45~ The thickness of the 
MgF2 plate is selected to correct the field­
of-view errors of the two KDi'04 modula-

PLACEMENT OF 
COMPONENTS 

ORIENTATION OF 
OPTtcAl AXES AT 

ZERO VOlTAGE 

ORIENTATION OF 
FAST OPTlCAL AXES 

WHEN VOLTAGE 
ISAPPUED 

Main 
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c uouc. 

"'1( ~ -"'1r 
--'\~---'\~ 
~ .. ~. -* ~ 

The linear-Polarization Modulator, shown here schematically, corrects modulation errors 
that, heretofore, have reduced utility in wide-angle fields of view. 

tas. The tlst COOS d the two KD~4 rrcd­
ulators are crossed in such a way that thei r 
modulation errors, including both retarda­
tion and field-of-view errors produced by 
the applied \.{)Itage, are canceled out. 

By the insertion of a quarter-wave plate 
at 0°, the overall polarization monitor can 
be made to rotate linear polarizations from 
the ±45° orientations to the 0° orientation. 
Therefore, the M9F:! plate is the "natural" 
birefringence corrector for the KD2P04 
modulators, and modulator 1 is the field-of­
view corrector for the biaxial errors procilced 
by the Rx:kels effect. Similarly, if the analyz­
er is set at 90°, then modulator 2 corrects 
the Rx:kels errors of modulator 1. (The ana­
lyzer could also be set at other orientations, 
with the modulated linear polarization at 

±45° from the analyzer position. This fea­
ture simplifies the alignment of an instru­
ment that incorporates the polarization m0d­
ulator.) The ultimate polarization resolution 
of the polarization modulator is limited by 
the accuracy of the quarter-wave plate, the 
properties of the KD2P04 crystals, and the 
matching of thickness of the M9F:! plate. 

This oork was done by Edward A. ~st 
of Marshall Space flight Center. For fur­
ther information, Circle 152 on the TSP Re­
quest Card. 

Inquiries concerning rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 24]. Refer 
to MFS-28418. 

l'~ Two Radiative/Thermochemical Instruments 
Measurements of absorption and emission complement thermal measurements. 

Lyndon B. Johnson Space Center, Houston, Texsas 

lWo laboratory instruments for research 
in combustion and pyrolysis are equipped 
for radiative as well as thermal measure­
ments. One instrument is essentially a differ­
ential scanning calorimeter (DSC) modified 
to detect radiation emitted by flames. It pr<F 
vides means to evaluate the limits of flam­
mability of materials that exhibit exothermic 
reactions in DSC's. The other instrument is 
used to determine the pyrolysis properties 
of specimens exposed to various gases by 
measurement of infrared absorption spec­
tra of the pyrolysis products. 

The first mentioned instrument is illustrat­
ed schematically in Figure 1. A light pipe 
made of fused silica fibers or a sapphire rod 
conducts light from a hole in the DSC lid 

54 

to a photodiode. A gap between the end of 
the light pipe and the lid permits the vent­
ing of the combustion products. The flow 
of the reactant gas (e.g., oxygen) through 
the chamber is regulated by a mass-flow 
controller. The version shown here operates 
at atmospheric pressure, but a high-pressure 
DSC housing could also be modified to ac­
commodate the light pipe. 

In operation, the photodiode detects the 
infrared and/or visible light emitted by the 
burning of the specimen in the reactant gas. 
The output of the photodiode is amplified, 
recorded, and correlated with the thermal 
data from the DSC. The photometriC detec­
tion of the flames, coupled with the detec­
tion of an exothermic reaction by the DSC, 

provides an indication of the threshold of 
flammability of the specimen. 

The second mentioned instrument is il­
lustrated schematically in Figure 2. It is based 
on an instrument designed to measure the 
autoignition temperature of the specimen 
in the reactant gas. The specimen is placed 
in a sample boat in a quartz tube near the 
center of a tube furnace. A thermocouple 
measures the temperature of the specimen. 
As in the first mentioned instrument, a mass­
flow controller regulates the flow of react­
ant gas. The pyrolysis products flow through 
a quartz tube to an optical-beam test cell, 
the end windows of which are transparent 
in the infrared. Infrared radiation of known 
spectrum is transmitted through the test cell 
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and into an infrared-absorption spectral ana· 
Iyzer. The reaction can also be monitored 
visually. 

During operation, the temperature in the 
tube fumace is increased gradually while 
the infrared absorption spectrum of the gas 
in the test cell is monitored for spectral in· 

dications of pyrolysis products. By measur· 
ing the intensities of the spectral abs0rp­
tion ~ (and. thereby, the concentrations) 
of the pyrolysis products as functions of the 
temperature of the specimen and/or of time. 
one can determine such pyrolysis proper­
ties of specimens as decomposition thresh-

Infrared-Absorption 
Spectral AnoJyzar 

olds and autoignition temperatures. 
This oork y,as 00ne 0; Ra/{il M. Ta{¢tom, 

Dwight 0 Janoff, and Richard M. Shelley 
of I..Dckheed Engineering and Sciences 
Corp. for Johnson Space Center. For fur­
ther information, Circle 120 on the TSP Re-
quest Card. MSC-216391MSC-21640 

~Mlm>rfar 
, -VI ..... MonltOffng 

Optical SyAIeIn/ 

_ctant 
Gu 

I 

Teot Cell 

Figure 1. A Differential Scanning Calorimeter is augmented with a 
photodiode and associated circu itry to measure light emitted by burning 
specimens. 

Figure 2. Pyrolysis Products from the heated specimen are analyzed 
by absorption of infrared radiation in the optical-beam test cell . 

Two-Wavelength 
Optical-Path­
Difference Mapping 
The shapes and alignments of 
aspherical mirrors could be 
measured readily. 

NASA's Jet Propulsion Laboratory, 
Pasadena, California 
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A proposed technique for measuring the 
shapes and alignments of reflectors is based 
on the use of a two-wavelength absoIute-dis­
tance interBometer 10 generate ~ 
cifference maps of the reflecting or refracting 
surfaces. The technique could facilitate such 
tasks as determining the manufacturing and 
alignment errors of an off·axis segment of 
a large-aperture paraboloidal telescope mir­
ror, or aligning all the segments of such a 
mirror. The technique would be suitable for 
use where reflecting surfaces are highly 
aspherical, initial misalignments may be 
large, and/or surface errors exceed optical 
wavelengths. This is because absolutEH:Iis­
tance interferometry, which does ra irM:llve 
the counting of interference fringes in fringe 
maps, has a dynamic range greater than 
that of prior interferometric reflector-testing 
techniques that do involve the counting of 
such fringes. 
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In one version of the technique (see fig­
ure), the optical-path-difference map would 
be generated from measurements of the 
changes of the lengths of optical paths from 
the common focal point of the segments 
of a test mirror to an optically flat autocolli­
mating reflector perpendicular to the optical 
axis of the aspherical mirror. The absolute­
distance interferometer would be aligned 
with the optical axis, and a scanning mirror 
would be placed at the nominal focal point. 
The laser in the absoIute<:f1Stance interferom­
eter 'M)U1d send a thin tw:rwavelength beam 
of light to the scanning mirror, which would 
scan the beam across the reflector segment 
under test. The beam would be reflected 
from the segment to the optically flat auto­
COllimating reflector, then back to the seg­
ment, then back to the absolute-distance 
interferometer. 

If the test mirror were perfect and all 0p­
tical components were perfectly aligned, the 
optical path would have the same length 
at any point in the scan. For a real, imperfect 
mirror, the optical-path length varies. By 
means of computational analysis, the varia­
tion of optical path differences over the 
reflector surface could be minimized and 
mapped with respect to a reference point, 
and errors of alignment could be distin­
guished from errors of manufacture. The 
alignments of the segments could then be 
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Hexagonal 
IIoflector 
Segments 

Optical-Path-Differ­
ence Mapping of an 
aspherical reflector 
would be performed 
by use of two-wave­
length absolute-dis­
tance interferometer 
in an autocollimator 
configuration. 
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adjusted to minimize the optical-path dif· 
ferences. Because all segments would be 
scanned from a common focus, all the seg­
ments would thereby become coaligned 
and cofocused with each other. 

VIEW A-Ic 
CONTINUOUS SCAN 
ACROSS ONE 
SEGMENT 

This 'MJrk was done by Paul K. Manhart 
of Caltech for NASA's Jet Propulsion l.aI> 
oratory. For further information, Circle 157 
on the TSP Request Carel. 
NPQ-17725 

~J Microphone Detects Waves in Laminar Boundary-Layer Flow 
Long-wavelength interference is suppressed in the microphone. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A simple noninvasive acoustical tech­
nique has proven effective in the measure­
ment of instability waves, which precede the 
onset of turbulence in laminar boundary 
layer flows. Such measurements are impor­
tant in research on aerodynamic flows and 
may have potential applications in the con· 
trol of turbulence (with consequent reduc· 
tion of drag) on aircraft. 

In this technique, the pressure oscillations 
due to the passage of the instability waves 
are detected by a modified microphone; 
commercially available microphones that 
cost only $1 (1987 prices) have been found 
to have excellent sensitivity. The microphone 
is mounted inside the airfoil or other aero­
dynamic model (see figure). The micro­
phone cavity communicates with the flow 
via two pressure ducts and two small orifices 
on the aerodynamic surface. One orifice and 
duct leads to one side of the microphone 
diaphragm, while the other duct and orifice 
lead to the other side of the microphone 
diaphragm. Thus, the microphone measures 
the difference between the pressures at the 
two orifices. 

The distance between the orifices is 
chosen to be half the wavelength of the 
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Boundary·Layer 
Flow 

Half Wavelength 

(Negative) 

A Microphone Mounted Below the Surface detects pressure waves Indicative of instabilities 
in a laminar flow. The microphone is relatively insensitive to long-wavelength background noise. 

pressure waves to be measured. Because phone. This ability to discriminate against 
the pressure of these particular waves is background noise is especially important 
in antiphase at the two orifices, in effect the because the pressure waves to be meas-
microphone detects double the pressure ured can be relatively weak. 
signal of these waves. On the other hand, The separation between the orifices 00es 
because the background noise tends to con- not have to be precisely half a wavelength; 
tain waves of much greater length, the a substantial error is acceptable. The acous-
background pressure disturbances that tical technique itself can be used to deter-
reach the diaphragm are mostly in phase mine the correct separation by trial and error, 
with each other, resulting in small or zero or the separation can be determined theore-
pressure differences across the diaphragm. tically. The acoustical technique is superior 
Therefore, the background noise contributes to hot-wire anemometry (the invasive tech-
little or nothing to the output of the micro- nique ordinarily used in measurements of 
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INCO SPECIALTY POWDER PRODUC S 
RESEARCH AND DEVELOPMENT ... 

NEW PRODUCTS FOR NEW TECHNOLOGIES 

Victor Ettel, Director of Battery Powder UFp, Ultra Fine Powder 
Research, Shendan Park, Mississauga, 
Ontario, Canada. His job is to find new 
uses for carbonyl technology. 

Frank Heck, Technical Dlfector. Novamet 4SP Spherical Powder 
Specialty Products Corp. Wyckoff, New 
Jersey. Frank IS always looking for new 
ways to produce a better powder. 

INCO Specialty Powder Products is continuing to 
develop advanced powders and applications. Our mis­
sion is to develop new products for new technologies. 
INCO SPP personnel from marketing, manufacturing 
and research work together as a team, bringing to bear 
their disciplines to serve you and your needs. 

NEW NICKEL POWDER PRODUCTS IN 
DEVELOPMENT 

UFP, Ultra Fine Powder. A unique mixture of high 
nickel surface area, very fine particle size (0 .8 microns) 
low denSity (0 .07gm/cc) morphology and high purity. 
Surface area IS 3 to 5 times that of other conventional 
carbonyl nickel powder. Surface resistivity In acrylics IS 

at 10 ohms per square. It also presents possibilities for 
pasting In conductiVity applications. This POints to a 
greater range of resistivity with other agents, especially 
in thin film technology. 

4SP Spherical Powder. Completely spherical and 
smooth in shape. Particle sizes of 8-9 microns. It has 
the potential to increase strength of PIM steel parts 
compared to other nickel powders. The particle shape 
presents opportunities for metal injection molding. 

Eurof Rees, Pilot Plant Superintendent, 
Clydach Nickel Refinery, Wales, U.K. Eurof 
has been involved in carbonyl coating of 
substrates for more than twenty years. 

George Tyroler, Technical Supenntendent, 
Copper Cliff Refinery, Sudbury, Canada. 
George likes working on the edge of devel­
opmg nickel powder products. 

INTERNATIONAL RESEARCH GROUP 
INCO SpeCialty Powder Products IS conducting 

research and development at the Novamet Specialty 
Products Corp In the US, at the Clydach Refinery in 
Wales, UK, and Sheridan Park Corporate Laboratory 
and Copper Cliff Refinery In Ontario. Canada. We are 
fortunate to have some of the leading powder technol­
ogy researchers on our staff 

For more Information write INCO SpeCialty Powder 
Products, Dept. 3-90, Park 80 West-Plaza Two, Saddle 
Brool-: , NJ 07662 

INca spp 
Pari': 80 West Plaza Two Saddle 8rOOl< , NJ 07662 
Stlln·Muromachl BUilding, 4-3 r llhonbashl-MuromachI2-Chome, 

Chuo·ku , TOkyo 103 Japan 
1-3 Grosvenor Place, London SoN1X7 A England 
lS/FI Wilson House. 19-27 Wyndham Streel Central. Hong Kong 
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boundary-layer flows) in severaJ respects: 
• The microphone detects the waves.more 

easily; 
• The microphone is rugged, whereas hot­

wire probes are fragile; 
• It is not necessary to scan across the 

boundary layer to find the maximum W'cNe 

amplitude, as it is with a hot-wire probe; 

• The microphone is cheap. whereas the 
electronic control unit of a hot-wire ane­
mometer is expensive; 

• Because the technique is noninvasive, 
many microphones can be installed and 
operated sirrultaneously to determine the 
propagation of waves over a broad ar~. 
This 'ItOr/( was done IYy James M. Ken-

daJ/ of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Circle 
147 on the TSP Request Card. 

Inquiries conceming rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel, NASA 
Headquarters.JPL [see page 24}. Refer to 
NPCH7479. 

Monolithic Unidirectional Planar Ring Laser 
Operation would be based on induced birefringence of the stressed laser medium. 

Langley Research Center, Hampton, Virginia 

Unidirectional operation of a ring laser 
is made possible by polarization-depend­
ent differential loss induced by some c0m­

bination of reciprocal and nonreciprocal 
polarization effects. For each direction of 
propagation around a ring, there are two 
possible eigenpolarizations. Since there 
are two directions of propagation, there are 
four eigenpolarizations to consider. Accord­
ing to one concept for a unidirectional ring 
laser, the eigenpolarizations would be sort­
ed according to the round-trip loss associ­
ated with each one. In general, the four 
eigenpolarizations can have four different 
associated losses. Considering only the 
lOW-loss eigenpolarization for each direc­
tion of propagation, unidirectional opera­
tion of the laser becomes possible if the 
difference between the losses of the low­
loss eigenpolarizations for the two direc­
tions of propagation is made sufficiently 
large. 

This concept arises from the theoretical 
analysis of the monolithic unidirectional 
non planar ring laser described in the pre­
ceding article, "Monolithic Unidirectional 
Nonplanar Ring laser" (LAR-14146). The 
analysis proves that, for an optically iso­
tropic laser medium, stable unidirectional 
operation of a monolithic ring laser is pos­
sible only if the ring path is nonplanar and 
a sufficiently large magnetic field is applied 
to the laser medium. The new concept cir­
cumvents the previous analysis by break­
ing the optical isotropf of the laser medium 
by applying stress. 

To establish unidirectional operation of 
a monolithic planar ring laser, there would 
be a three-bounce ring path in which two 
of the bounces would be total internal re­
flections and the third would be an oblique 
reflection from a multilayer dielectric-coat­
ed spherical surface. The multilayer mir­
ror bounce would act as a partial polarizer, 
the principal axes of which would be par­
allel and perpendicular to the plane of in­
cidence. AA extemal magnetic field applied 
to the laser medium would cause non­
reciprocal Faraday rotation for propagation 
along any segment of the optical path that 
is not perpendicular to the applied field. 

With principal axes that are rotated with 
respect to those of the output coupler, 
stress would be applied to the laser me­
dium. The stress would create birefring­
ence in the previously optically isotropic 
medium. Since the axes of the stress 
would be rotated with respect to those of 
the output coupler, the medium would act 
as a reciprocal wave plate. For Simplicity, 
if the laser medium were in the shape of 
a rod, the stress would be applied by 
squeezing the rod between diametrically 
opposite contact lines. 

This concept provides the essential ele­
ments required to produce differential loss 
between the two directions of propagation. 
The reciprocal polarization effect would be 
produced by the induced birefringence of 
the stressed laser medium. The nonre­
ciprocal polarization effect would be the 
Faraday rotation. The cflfferentialloss 'NOU1d 

be caused by the partial polarization that 
would occur upon reflection from the mUl­
tilayer dielectric coating. 

The frequency of the planar ring laser 
could be adjusted by varying the magni­
tude of the applied stress, the magnetic 
field, or both. The laser could also be tuned 
by varying the temperature of the laser 
medium. The concept applies to any in­
itially optically isotropic material that has 
a nonzero Verdet constant, such as nee­
dymium:yttrium aluminum garnet (Nd: 
YAG), neodymium:gadolinium gallium 
gamet (Nd:GGG), or Nd:glass. Since unidi­
rectionallasers can have spectra narrower 
than those of bidirectional lasers, they 
could have significant potential for use in 
metrology and spectroscopy. 

This work was done by Alan C. Nilsson 
and Robert L Byer of Stanford University 
for Langley Research Center. No further 
documentation is available. 

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 

Mr. Jon Sandelin 
Office of Technology Ucensing 
Stanford University 
857 Serra St., 2nd Floor 
Stanford, CA 94305-6225 

Refer to LAR-14045, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 

~~ Monolithic Unidirectional Nonplanar Ring Laser 
A design concept provides for narrow-linewidth operation in relatively inexpensive Nd:glass. 

Langley Research Center, Hampton, Virginia 

In typical previous work with a mono­
lithic nonplanar ring laser, four reflecting 
surfaces defined the ring light path. A new 
design has six reflecting surfaces. With 
this design, the differential loss that is re­
quired to achieve unidirectional oscillation 
can be 100 times as great as with four re­
flecting surfaces. 

Unidirectional oscillation occurs in a ring 
laser if there is a sufficiently farge differen-
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tial loss between the polarization eigen­
modes of the two directions of propagation 
around the ring. The most important cri­
terion for producing large differential loss 
is that the sum of the relative phase shifts 
produced by the total intemal reflections 
must slightly exceed 180~ In a convention­
al design with four reflecting surfaces, it 
is impossible to satisfy this criterion for a 
laser material that has an index of refrac-

tion smaller than ../3 because the index 
of refraction determines the upper limit 
of the amount of relative phase shift pro­
duced by a single total intemal reflection. 

Since most laser glasses have indices 
of refraction substantially smaller than 
../3, the new six-reflector geometry was 
conceived to design monolithic glass res­
onators with large differential loss, over­
coming the index-of-refraction limitations 
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Diode Pumped Lasers: 
Creating New 

Solutions. 

commercial 

medical 

military 

We're developing diode pumped 
lasers that meet your needs. We 
now make a militarized DPL for 
calibrating ranging devices, a rack 
mounted Q-switched DPL for 
micro-machining, a diode-only sys­
tem for medical applications, plus 

a broad range of laser heads and diode power 
supplies for your research requirements. 

A prime benefit of our DPLs is the small size 
of the laser head; unique because it connects 
to the remote pump diodes through only an 
optical fiber. Even an inexperienced user can 
quickly change a pump diode module in the 
field. Our fiber coupled system i designed to 

minimize OEM downtime. 
For a no-charge loaner or to learn more 

about our OEM development programs, call 
415-%1-9100 for Curt Frederickson, ext. 202, 
or Mayer Engel, ext. 203, or call your local 
Spectra-Physics sales office. 

research Ask to be on our mailing Ii t. Our new Diode 
Pumped Laser Systems group is accelerating 
the technology and application of diode 
pumped lasers. 

~ S~tra-Physics 
• Diode Pumped Laser Systems 
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associated with the four-reflection resona­
tor. The new design calls for a monolithic 
ring laser with fIVe total intemal reflections 
and one reflection from a partially trans­
mitting multilayer dielectric-coated output 
coupler. Preliminary analysis of the six-re­
flection resonator shows that the differen­
tialloss can be at least 100 times as great 
as the largest differential loss available in 
a four-reflection design, assuming that the 
same magnetic field is applied to each res­
onator. This design should enable unidirec­
tional operation. 

Laser glasses differ from such cystalline 
host media as yttrium aluminum garnet 
(YAG) in several important ways. For ex­
ample, the intrinsic scatter and absorption 

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. 

Adhesion Between Particles 
and Surfaces in a Vacuum 

Factors that could affect 
contamination are studied. 

loss in well-engineered laser glass promise 
to be several orders of magnitude lower 
than those of Nd:YAG. The implication of 
this difference is that the fundamental limit 
on the width of the spectral line of a free­
running Nd:glass laser can be many 
orders of magnitude smaller than that of 
a comparable Nd:YAG laser. Narrow-line­
width Nd:glass master oscillators based 
on this design could find immediate ap­
plications as the seed lasers for large 
Nd:glass laser systems. The very-narrow­
linewidth lasers made possible with this 
concept have potential applications in 
metrology and spectroscopy. 

This work was done by Alan C. Nilsson 
and Robert L. Byer of Stanford University 

A report discusses an experimental study 
of the adhesion between several kinds of 
particles and solid surfaces. The purpose 
of this investigation was to extend the avail­
able data on the adhesion of contaminant 
particles; in particular, to contribute to an 
understanding of the ways in which acceler­
ation can redistribute contaminant particles, 
thereby causing increases or decreases in 
contamination. The investigation was m0-

tivated by concern over the contamination 
of optical instruments resulting from the 
transfer of dust from nearby equipment dur­
ing the launch of the Space Shuttle. 

ZERO GAUSS CHAMBERS 
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Magnetically Shield Earth's Field 

and Other Interference. 

Attenuation Factors 

of 1000 Times 

or Greater 

Typical. 

Standard & Custom 

Sizes Available. 

Send for ZG-2 catalog. 
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for Langley Research Center. No further 
documentation is available. 

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 
addressed to 

Mr. Jon Sandelin 
Office of Technology Ucensing 
Stanford University 
857 Serra Street, 2d Floor 
Stanford, CA 94305-6225 

Refer to LAR-14146, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 

The adhesion between a surface and par­
ticles of a given type was measured via 0b­
servation of the fraction of particles remo.ted 
from the surface by acceleration in a cen­
trifuge. The particle/surface combinations 
tested were glass beads on glass, road dust 
on glass, glass beads on aluminum, and 
road dust on aluminum. The particle/surface 
specimens were placed in the centrifuge 
tube, which was evacuated before it was 
spun. Tests were also done at ambient pres­
sure; that is, without evacuating the cen­
trifuge tUbe. The accelerations were calcu­
lated from the speed and dimensions of the 
centrifuge. For each type and size range of 
particles tested, the fraction removed by 
centrifugation as a function of size was 
matched via a least-squares best fit to a two­
parameter tog..normal prOOability distribution 
and to a related mathematical model of the 
acceleration (or, equivalently, the force of 
adhesion) as a function of size and density. 

In comparing the results for glass beads 
on aluminum with those for glass beads on 
stainless steel in a previous study, the author 
drew the tentative conclusion that continu­
ous acceleration could remove particles 
more effectively than brief impulses could. 
From the results of these experiments, the 
author concluded that glass beads did not 
adhere as well as dust did to either glass 
or aluminum, either at ambient pressure or 
in the vacuum. Dust appeared to adhere 
more strongly to glass than to aluminum, 
at both arrDient pressure and in the vacuum. 
No statistical difference between the adhe­
sions of glass beads or dust to either sub­
strate at ambient pressure and in the vacu­
um was found. However, the dust adhered 
more weakly to glass at the intermediate 
pressure of 10 torr (1 .3 kPa) than at the am­
bient pressures or in the high vacuum. This 
result was the only evidence for a depen­
dence on pressure. 

This oori< was done l:1y Jack a BarengoItz 
of Caltech for NASA's Jet Propulsion l..ab­
oratory. To obtain a CO(.1f of the report, "Par­
ticle Mhesion to Surfaces Under Vacuum," 
Circle 158 on the TSP Reque.st Card. 
NPO-17743 
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Books and Reports 
61 NbSe

3 
Cathodes for Li 

Rechargeable Cells 

61 Microstructure of a SiC' 
(TiN CrSn AI) 
Composite 

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. 

NbSea Cathodes for LI 
Rechargeable Cells 
The electrochemical and 
physical characteristics of 
NbS% are reported. 

A report describes experimental studies 
involving the preparation, characterization, 
and measurements of the performance of 
NbSe3, which is intended for use as cath­
ode material in lithium rechargeable elec­
trochemical cells. NbSe3 has characteris­
tics superior to those of other intercalating 
cathode materials, including high volumet­
ric and gravimetric energy densities and 
the ability to sustain discharges at high 
rates. 

The NbSe3 was prepared by heating 
premixed stoichiometric amounts of Nb 
and Se powders at a temperature of 670 "C 
for 7 to 15 days. The NbSe3 grows as long, 
hairlike fibers that intertwine to form a 
physically bonded and electrically conduc­
tive mat. Cathodes were made by packing 
NbSe3 mats between Ni screens. 

The NbSe3 was examined by x-ray dif­
fraction and scanning electron microsco­
py. Techniques used in the electrochemi­
cal evaluation included cyclic voltammetry, 
constant-current and constant-potential 
discharges, dc potentiometric scans, ac 
impedance, and ac voltammetry. The elec­
trolyte for the electrochemical evaluation 
of the NbSe3 was 1.5 M LiAsF 6 in 2-methyl­
tetrahydrofuran. 

From the electrochemical measure­
ments it was concluded that NbSe3 Inter­
calates rewrsibly with 3 equivalents of U at 
an efficiency of utilization of about 90 per­
cent. The intercalation of lithium appears 
to occur at different closely spaced poten­
tials between 1.8 and 1.5 V versus U +/U. 
The kinetics of the reduction of NbSe3 are 
essentially governed by the slow diffusion 
of U Ions inside the layered cathode. The 
de kinetic parameters are the exchange­
current density of 32 ".A/cm2 and the 
apparent-transfer coefficient of 0.21. 

Constant-current, constant'potential, 
and ac impedance measurements sug-

gest that the structure of NbSe3 undergoes 
a beneficial change upon Initial discharge, 
even though the cathode loses about 10 
percent of its initial capacity to some ir­
reversible intercalation. As a result of this 
apparent change, the nominal discharge 
voltage increases somewhat, leaving the 
energy density the same as, or slightly 
greater than, it was initially. 

A physical model for the reduction of 
NbSe3 Is proposed: U ions from the solu­
tion reach the channels of the NbSe30 
react, and are intercalated in the material. 
So long as enough vacant channels re­
main available to the U Ions in solution, the 
rate of reduction of NbSe3 is governed only 
by the charge-transfer kinetics. Once the 
channels are filled, no further reduction 
can occur until the U at the surface jumps 
deeper into the cathode material to the 
next available site. To maintain elec­
troneutrality, the counter charge moves in 
the direction opposite that of the flow of 
U + ions, thus making it appear as if the 
reduced layer of NbSe3 moves deeper into 

63 Polytetrafluoroethylene­
Impregnated Anodization 
for Aluminum 

the material, elqX)Sing unreduced NbSe3 
to the solution. 

This work was done by Ratnakumar V. 
Bugga, Oling.Jon Ni, Salvador DiStefano, 
Rd:Jert B. &xooano, and c. Perry BankstrxI 
of Cattech for NASA's Jet Propulsion 
laboratory. To obtain a copy of the report, 
"Studies on Niobium Trlse/enide cathode 
Material for Uthlum Rechargeable Cells," 
Circle 24 on the TSP Request Card. 
NPO-17491 

Microstructure of a SICI 
(TINICrISn/Al) Composite 
Techniques and results 
of metallographic 
analysis are reported. 

A NASA technical memorandum re­
ports on the analysis of a composite mater­
ia� made of SiC fibers In a matrix of 0.76 
TtlO.15 VIO.03 Cr/O.03 Sn/O.03 AI (parts by 
weight) alloy. The purposes of this study 
were to Investigate the suitability of some 
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metallographic techniques for use on c0m­
posite materials in general and to obtain in­
formation about the macrostructure and 
microstructure of this specific composite 
to provide guidance for experimental and 
theoretical studies of more advanced com­
posites. 

All specimens were sectioned with a 0.3-
mm-thick diamond-Impregnated wheel , 
then mounted in epoxy. The mounted spec­
imens were ground flat by use of a resin­
bonded diamond grinding disk and succes­
sively finer diamond grits in water. The 
ground specimens were lapped with dia­
mond slurries, then polished with fine dia­
mond (down to 0.5-~ diamond paste) to 

r6'v'9al the microstructure at the reqJired res­
olution. Selected specimens were etched 
with an aqueous solution of nitric and hy­
drofluoric acids. Selected specimens were 
coated with an interference layer to facili­
tate differentiation between phases. 

Specimens that had been polished, pol­
ished and etched, and polished and inter­
ference-layered were examined by scan­
ning electron microscopy at accelerating 
potentials of 15 and 20 k\I. Elemental x-ray 
analysis invoMng spot modes, analog scan 
lines, and dot maps was performed as 
needed. Specimens for transmission elec­
tron microscopy were prepared by a proc­
ess of diamond-wheel sectioning, grinding, 
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dimpling with diamond slurries, and Ion­
beam milling. These specimens were then 
viewed in a transmission electron micro­
scope at 120 kV. 

The examination of the specimens led to 
the follO'Ning concluslofls about the struc­
ture of the composite: 
- The distrbution of SiC thers in the matrix 

as viewed in a section perpendicular to the 
axes of the thers approximated a rectan­
gular array with average center-to-<:enter 
distances of 220 IITl within a rON and 350 
IITl between raws. Separations within any 
rON varied greatly. Out of urn thers, 6.3 
percent touched and always contained 
coating cracks at the points of tangency. 
The volume fraction of fibers was meas­
ured as 36 percent. 

- The grains within the matrix were general­
ly orthorhorrbic with an average dimen­
sion of 200 IITl pirallel to the fDars and 
with lengths of 110 and 350 IITl in the 
transverse plane. 

- A series of small, more-eqJiaxed grains of 
diameters in the range of 10 to 00 ~ sur­
rounded the fibers. 

-litanium wires were woven around the fi­
bers to keep them pirallel during fabrica­
tion. UIXlfl consolidation, the wires formed 
particles high in li and C (probably TtC). 
Between the particles was a lamellar 
structure believed to be a- and fJ-li. The 
matrix surrounding this woven structure 
appeared to have transformed to the so­
lute-lean fJ'.p,ase. 

- The thers were made from carbon cores, 
upon which a pyrolytic carbon coating had 
been deposited. SiC was built up on this 
core by chemical-vapor deposition. Small 
equiaxed grains were ob:>erved adjacent 
to the pyrolytlc coating. The SiC grains had 
become elongated as the diameters of fi­
bers increased during deposition. The 
grains were heavily faulted. 

• A carbon-rich coat was applied to the sur­
faces of the fibers. Four zones were lden­
tified within this coat. The COO1JXlSition and 
structure of each zone were identified. 

• A reaction zone 0.10 to 0.35 IITl thick 
formed at the interface between the ma­
trix and the fiber. This zone consisted of 
very small crystallites, which were be­
lieved to be titanium carbides and titanium 
silicides. 

This work was done by Bradley A. LErch 
and David R. Hull of lewis Research 
Center and Todd A. Leonhardt of Sverdrup 
Technology, Inc. Further information may 
be found in NASA TM-1rx:m8[N88-28J95], 
"As-Received Microstructure of a SiGm-
15-3 Composite." 

Copies may be purchased [prepayment 
required] from the National Technical In­
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. 
Rush orders may be placed for an extra fee 
by calling (BOO) 3364700. 
LEW-14868 
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Polytetrafluoroethylene­
Impregnated Anodization 
for Aluminum 

Standard hard anodization 
gives better protection against 
corrosion than polytetra­
fluoroethylene-impregnated 
anodization does_ 

A technical memorandum describes ex­
periments on the ability of two commercial 
coatings and of standard hard anodization 
to protect aluminum against corrosion. Both 
commercial coatings, Fblylube and Tufram, 
are polytetrafluoroethylene-impregnated 
anodizations. 

Disks of aluminum alloy 606116 were 
coated with layers of either Fblylube or 
Tufram 4D-ILfTl-thick. Disks were also hard­
anodized by the Alumilne process and sealed 
in either boiling deionized water or a 1-per­
cent solution of N~Cr 207. The disks were 
exposed to solutions of 3.5 percent sodium 
chloride buffered to pH 5.5 and pH 9.5 at 
25°C. Both ac-impedance and dc-polariza­
tion-resistance methods were used to deter­
mine the rates and mechanisms of corro­
sion. 

In all cases, corrosion was found to be 
more pronounced at pH 5.5 than at pH 9.5. 
Corrosion pits tended to heal at the higher 
pH, probably because corrosion products 
are less soluble at that value. 

The standard hard-anodized coating was 
found to provide the greatest protection. The 
hard-anodized, water-sealed coating showed 
no pitting at pH 9.5. Neither did the hard­
anodized, dichromate-sealed coating, al­
though the corrosion currents of this coating 
were somewhat higher. A small amount of 
pitting occurred at pH 5.5 in both water­
sealed and dichromate-sealed hard-anod­
Ized coatings, although they were otherwise 
in good condition. 

Some cracking occurred in both polytet­
rafluoroethylene-impregnated anodized 
coatings at both pH levels. Tufram, in gen­
eral, protected more than PoIylube did. The 
greatest deterioration occurred in Fblylube 
coatings at pH 5.5. 

This work was done by Mertin D Danford 
of Marshall Space Flight Center. Fur­
ther informatjon may be found in NASA TM-
100366 [N89-26079]. "The Corrosion Pro­
tection of Aluminum by Various Anodizing 
Treatments." 

Copies may be purchased [prepayment 
required] from the National Technical Infor­
mation SeNice, Springfield, Virginia 22161, 
Te/e{ilone No. (703) 487-4650. Rush orders 
may be placed for an extra fee by calling 
(BOO) 336-4700. 
MFS·27229 
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Cold ones, too. 
Novotechnik's Linopot 

Conductive Plastic Position Trans­
ducers are designed for very long 
life (100 x 10' operations) in tem­
peratures from - 30 to + 100'C, 
and from 5 to 2000Hz vibration. The 
actuating rods feature double preci­
sion bearings and an anti-rotation 
mechanism, which ensures precise 
wiper loading and give linearities of 
upto .075%. 

The elastometer-damped 
wipers run on resistance and collector 
tracks made of the same conductive 
plastic, giving a reliable contact 
even at operational speeds of 10 m/s. 
Angular and alignment errors are 
eliminated by use of a newly­
developed ball-and-socket coupling. 

The Linopot Series TITS 
transducers are available in five 
electrical stroke sizes, from 25 to 
150 mm. Call or write forM details to: 

novotechnik NovotechnK U S Inc 
Transducers 

Sledle Group 237 Cedar HIli Street 
Marlborough. MA 01752 
Tel phone (508) 485·2244 
Fax (508) 485-2430 
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SURVIVEI 
Cherokee Optical Dnves - on duty 
solving your demanding storage 
needs. Not modified commerCial 
models, we build 
'em tough from the 
ground up here in ,.-ci~~~::::::::: 
the USA. Put a 
Cherokee dnve In 
your aircraft. ship. truck, lab or on 
your desktop: 

• 640 MB of remov­
able. secure storage 
percarrndge 
• Forget head 
crashes. they're 
Imposslblel 

• Flexible packaging options: 19" 
rackmounr. ground·mobile. avioniC 
rack. desktop 
• Fast. random data 
access 
• Compliance to 
MIL-STD 5400T 
Curve lilA 

MS·DOSlPC·AT. SUN UNIX/SCSI or VME. 
DEC VMSlO·BUS or Unibus. Novell 

Call for your FREE Optical Discovery Kit 

Ir C;~8;~~;;~B 
DATA SYSTEMS 

IB60 Lefrhand Circle. Longmont co 80501 
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TableCurve™ 
One step fits 
221 equations to 
your X-Y data. 
Automaticallv· 
In less than 
7 seconds.* 

With TableCurve~ finding the best formula to 
fit your data couldn't be simpler ... or faster. 

• Flexible Data Input - input from Lotus : 
dBase; ASCII and many other file 
formats, or manually from the keyboard. 

• Data Manipulation - smooth data, 
weight data, or apply standard math 
calculations. 

68 Schedule-Report-Generator 
Computer Program 

72 XTRN-Automatic Code 
Generator for C Header Files 

73 Window Utility System 
Program 

69 Schedule-Organizer 
Computer Program 

70 Schedule-Tracker Computer 
Program 

74 S-Chart-Scheduling Chart 
Program 

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

ment and Information Center, distributes software 
developed with NASA funding to Industry, other 
govemment agencies and academia 

COSMIC's Inventory Is updated regularly; new 
programs are reported In Tech Briefs. For addition· 
aI Information 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 spon­
sored by NASA to make computer programs 
available to the public. For information on pro­
gram price, size, and availability, circle the 
reference number on the TSP and COSMIC 
Request Card in this issue. 

..:. .aChlnBI'Y 

• Speed* - an MHz PC AT, with math 
coprocessor, will process 221 equations 
(50 data points) in 6.8 seconds. 
More powerful systems are much faster. 

• Output - supports most dot-matrix 
and LaserJet printers. Output directly 
to SigmaPlot 4.0 ,Lotus, ASCli, and 
other formats. 

• Quality Interface - pull down menus, 
mouse support and more. 

review of programs In your area of Interest. You 
can also purchase the annual COSMIC Software 
Gatalog, containing descriptions and ordering In· 
formation for available software. 

COSMIC Is part of NASA's Technology Utlliza. 
tlon Networ1l 

COSMIC» - John A. GIbson, DIrector, 
(404) 542·3265 
The University of Georgia, 382 East Broad Street, 
Athens, Georgia 30602 

Systems Improved 
Numerical Fluids 
Analysis Code 

A thermal-analysis computer 
program is augmented for 
simulation of active heat­
transfer loops. 

The Systems Improved Numerical 
Fluids AAalysis Code, SINFAC, consists of 
additional routines added to the April, 1983, 
version of SINDA, a general thermal-ana­
lyzer program. The purpose of the addition­
al routines is to provide for the mathemati­
cal modeling of active heat-transfer loops. 
The modeler can simulate the steady-state 
and pseudo-transient operations of 16 dif­
ferent components of heat-transfer loops, 
including radiators, evaporators, condens­
ers, mechanical pumps, reservOirs, and 
many types of valves and fittings. In addi­
tion, the program contains a property-anal­
ysis routine that can be used to compute 
the thermodynamic properties of 20 differ­
ent refrigerants. 

SINFAC can simulate the response to 
transient boundary conditions. SINFAC 
was first developed as a method for com­
puting the steady-state performances of 
two-phase systems. It was then modified 
using CNFRWD, the explicit time-integra­
tion scheme of SINDA, to accommodate 
transient thennal models. However, SINFAC 
cannot simulate pressure drops due to 
time-dependent fluid acceleration, trans­
ient boilout, or transient fill1.Jp, except in the 
accumulator. SINFAC also requires the 
user to be familiar with SINDA 

• Curve Fitting - 221 candidate equations 
including Gaussian, log-normal, sigmoidal, 
sine, and user-defined-ranked by best fit 
and interactively displayed. 

To find out more about TableCurve or other 
scientific and engineering software from 
Jandel, just give us a call. 

The solution procedure used by SINFAC 
is similar to that which an engineer would 
use to solve the equations of a system 
manually. The solution to the equations of a 
system requires the determination of all of 
the outlet conditions of each component 
such as the flow rate, pressure, ard enthal­
py. To obtain these values, the user first es­
timates the inlet conditions to the first com­
ponent of the system, then computes the 
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C91e-Parmer- is Masterflex~ I 

Send for our free catalog and you'll 
receive a complete guide to pumps 
for the plant or th6lab. Our CQ:n1-
prehensive selection of pumps will 
help you meet even your most diffir 
cult applications, . 

Our new 1991-92 catafog features 
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te~hnology 'neluding: 
WNew Easy-LoadlM pump heads tt)at 

make 'using MasterOex simpler 
~anever 
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• Laboratory Standard' (LIS) pumps 
for flow <J<>wn to microrters/min 

. • Industrial Process (lIP) pumps 
, featuring NEMA rated motors 
. • Batch Transfer (BIT) pumps for 

flow rates up to 53liters/min 

~ , And there's more . 

You'n find over 21,000 items in our 
colorful and easy-to-read catalog. 
Over 1200 pages p(1J\dustriaI and 
ctnalytical produc~s ensure that 
you'n tind what you're looking for, 
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outlet conditions from the data supplied by 
the manufacturer of the first component. 
The user then estimates the temperature 
at the outlet of the third component and 
computes the corresponding resistance to 
flow posed by the second component. 
With this flow resistance of the second 
component, the user computes the condi­
tions downstream; namely, the inlet condi­
tions of the third component. The computa­
tions follow for the rest of the system, back 
to the first compone!1t. 

modifies the estimated inlet conditions of 
the first component in an attempt to match 
the calculated values. The values estimat­
ed by the user are called "state variables." 
The differences between the values esti­
mated by the user and the calculated val­
ues are called the "error variables." The 
procedure systematically changes the 
state variables until all of the error varia­
bles are less than the iteration limits speci­
fied by the user. 

The automated solution procedure, which 
follows the foregOing logic, is referred to as 
sex It consists of two phases: the systems 
phase and the controller phase. The "X" is 
to imply "experimentaL" sex computes 

On the first pass, the user finds that the 
calculated outlet conditions of the last 
component do not match the estimated in­
let conditions of the first. The user then 

68 

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

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

Some new products to date include: 

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

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

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

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

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

kevex X-lUY 
P.O. Box 66860 
Scotts Valley, CA 95066 408-438-5940 
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each next set of state variables in the two 
phases. In the first (systems) phase, sex 
fixes the controller positions and modifies 
the other state variables by the Newton­
Raphson method. Once the Newton-Raph­
son method has solved the problem for the 
fixed controller positions, sex, in the con­
troller phase, next calculates new control­
ler positions based on Newton's method 
while treating each sensor/controller pair 
independently but allowing all to change in 
one iteration. 

SINFAC is available by license for a peri­
od of 10 years to approved licensees. The 
licensed program product includes the 
source code for the additional routines to 
SINDA the SINDAobject code, command 
procedures, sample data, and supporting 
documentation. Additional documentation 
may be purchased. SINFAC was created 
for use on a DEC VAX under VMS. Source 
code is written in FORTRAN 77, requires 
180K of memory, and should be fully trans­
portable. The program was developed in 
1988. 

This program was written by F. A. 
CosteI/o for Goddard Space Aight Cen­
ter. For further information, Orc/e 20 on 
the TSP Request Card. 
GSG-13231 

G Malhemallcs and 
~ InlOrmallon Sciences 

Schedule-Report-Generator 
Computer Program 
Engineering managers can 
monitor scheduled tasks 
assigned to staff members. 

The Schedule Organizer (SO) (COSMIC 
Program MSC-21525), Schedule Tracker 
(ST) (COSMIC program MSC-21526), and 
Schedule Report Generator (SRG) are 
computer programs that manipulate data­
base files in ways that are advantageous in 
scheduling . Originally designed for the 
Space Shuttle flight schedule, the program 
can be easily modified for other scheduling 
situations. 

Schedule Organizer provides a simple 
method for genera~ing distribution lists. 
These distribution lists contain readers' 
names for each task schedule defined by 
the input files. Schedule Tracker provides 
an effective method for tracking tasks that 
are "past due" and/or "near term." ST gen­
erates reports for each responsible staff 
member who has one or more assigned 
tasks that fall within the two listed cate­
gories. This enables an engineering mana­
ger to monitor tasks assigned to staff by 
running Sf on a weekly basis. ST lists only 
reports on tasks that have become past 
due or are scheduled for completion in the 
near future. 
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Schedule Report Generator provides a simple method for 
generating periodic schedule reports. SRG enables an engi­
neering manager to monitor tasks assigned to staff members 
on a weekly basis. SRG sorts three types of reports by use of 
one or more data fields as sorting keys. One type is sorted by 
use of the calendar year as the primary key and the end date 
as the secondary key. Anothertype is sorted by flight number. 
A third type of report, Watertall plots, is also generated by 
SRG by use of the end date as the sorting key. 

SRG requires as input a single file or two concatenated 
files that contain up to 400 single line entries. The user 
constructs the input file by using the LSE editor V AX utility 
prior to the execution of the program. The user can modify the 
current functional description text lines just displayed. 

ST and SRG use the same data-base file as input. The 
common data-base file has a maximum number of 400 
entries. The time span of all three programs is 19 months. 
Both of these maximum numbers can be modified by the user. 
SRG can be purchased separately or in a package (COSMIC 
program COS-10021) containing SO, ST, and SRG. SRG 
requires the VMS Operating System on a DEC VAX computer 
and was written in PU1 and DEC Command Language (DCL). 
SRG was developed in 1984. 

This program was written by Fernando F. Collazo of 
Rockwell International Corp. for Johnson Space Flight Cen ­
ter, For further information, Circle 83 on the TSP Request 
Card. MSC-21527 

Schedule-Organizer Computer Program 
This program provides a simple method for 
the generation of distribution lists. 

The Schedule Organizer (SO), Schedule Tracker (ST) 
(COSMIC program MSC-2152S), and Schedule Report 
Generator (SRG) (COSMIC program MSC-21527) are 
computer programs that manipulate data-base files in ways 
that are advantageous in scheduling. Originally designed for 
the Space Shuttle flight schedule, the program can be easily 
modified for other scheduling situations. 

Schedule Organizer provides a simple method for 
generating distribution lists. These distribution lists contain 
readers' names for each task schedule defined by the input 
files. Schedule Tracker provides an effective method for 
tracking tasks that are "past due" and/or "near term." ST 
generates reports for each responsible staff member who has 
one or more assigned tasks that fall within the two listed 
categories. This enables an engineering manager to monitor 
tasks assigned to staff by running ST on a weekly basis. ST 
lists only reports on tasks that have become past due or are 
scheduled for completion in the near future. Schedule Report 
Generator provides a simple method for generating periodic 
schedule reports. SRG enables an engineering manager to 
monitor tasks assigned to staff members on a weekly basis. 

SO contains a primary menu that is displayed at the 
beginning of the program. The menu provides the following 
options: to write input files to an output distribution file, to 
change a schedule-title field and/or distribution-list field, to 
browse through the schedule and input names file for 
requested schedule numbers, to create an input names file 
and a schedule-titles file, and to delete input schedule titles 
and associated names. SO provides a choice of two input 
files. One file holds 25 groups of up to 25 names for each 
group. The other file holds 25 records. Each SO-character­
long record holds a task-schedule title or it is a blank entry. 

NASA Tech Briefs, November 1990 

Whether extreme sensitivity or 
rugged three ply designs are re­
quired, electrodeposited nickel 
bellows and bellows assemblies 
from Servometer can solve your 
sealing, sensing, or expansion 
problems. In 0.0:5 from ,040" 
to 2", with wall thicknesses as 
thin as ,0003 or as heavy as 
3 x .010", 

Specialists in Miniature 8ellows·Couplings·Contacts tie ;1'11 L\ (q je ;)00 
501 Little Falls Road, Cedar Grove, NJ 07009 

I (201) 785·4630 • Telex: 384233 • Fax: (201) 785·0756 

L Clrcl. R ••• r Action No. 490 

PC03V 

• SYNCHRONIZE 
PROCESSORS 

• TIME TAG DATA 

IMMEDIATE SOLUTIONS TO 
YOUR TIMING PROBLEMS 

Our off-the-shelf VMEbus time code 
translators and generators are a conven­
ient, accurate means of synchronizing 
data processing systems to each other or 
to standard time of day satellite 
transmissions. 

IMMEDIATE DATA SHEETS 

Call or FAX a request to us for any of 
these FAX SPECs: 

VMEbus boards: 
PC03V Time Code Processo::r"'iii--~ 
PC05V Time Code Generator 
PC26V Time Display 

Model 9390 GPS Satellite Receiver 

bk: BANCDMM 
DIVISION OF DATUM INC 
65.4 Ila OF" O.-r Sa,.., ..Jose. CA 95" 19 

I CALL: (~DBI 57B·~16'\ FAX: (~DBI 57B-4165 
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so creates three output files. One holds 
the formatted list of schedule t~les for print­
out. Another file holds the formatted dis­
tribution list for printout; there is one for 
each input names file schedule group. The 
third output file holds the schedule title of 
the last schedule-title file deleted by the 
user. 

This program was written by Fernando 
F. Collazo of Rockwell International Corp. 
for Johnson Space Flight Center. For 
further information, Circle 84 on the TSP 
Request Card. 
MSG-21525 

The time span of SO is 19 months. This 
parameter can be modified by the user. 
The SO program requires the VMS Operat­
ing System on a DEC VIV< computer and 
was written in PU1 and DEC Command 
Language (DeL). SO can be purchased 
separately or in a package (COSMIC pro­
gram COS-10021) containing SO, ST. and 
SAG. SO was developed in 1985. 

Schedule·Tracker 
Computer Program 
This program generates 
reports on tasks that 
should be completed. 

The Schedule Organizer (SO) (OOSMIC 
program MSG-21525) Schedule Tracker 
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USER RATED EXCELLENCE 

Feed this to your PC 
and it'll thirikit's an 

HP BASIC workstation. 
Finally, there's a way for serious technical 

computer users to get the power and features of 
HP BASIC on a PC. The answer is HTBasic, a 

real engineering BASIC that turns your 
PC into an HP 9000 series 200/300 

BASIC workstation- at a fraction 
of the cost. 

Like HP's Rocky 
Mountain BASIC, HTBasic 

from Trans Era is a state-of­
the-art BASIC that gives you all 

the capabilities you need for complex 
engineering applications. Plus, you get 

important advanced features you won't find 
with any other PC BASIC. Like the complete set 

of HP graphic commands. Integrated HPIB (GPIB) 
syntax for intelligent instrument control. Tbe advanced 

I/O Path system. And built-in matrix math. In fac~ all the 
optional HP binaries are built in. There's nothing else to load. You 
even get the full screen program editing and debugging 
environment. 

Discover tbe new 
solution for cost -effective 
technical workstations, Engineering Excellence for 15 Years'" 
TransEra HTBasic. H~HP8olSlCmdHPlB"'~_oI_·1'1cbrd. 

" Copyrighl 1990 ThinsEta Corpor.!Uon 3707 NOM Canyon Road, Provo. Ulah 84604 (801) 224-6550 
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(Sl), and Schedule Report Generator (SAG) 
(COSMIC program MSG-21527) are com­
puter programs that manipulate data-base 
files in ways that are advantageous in 
scheduling. Originally designed for the 
Space Shuttle flight schedule, the program 
can be easily modified for other scheduling 
situations. 

Schedule Organizer provides a simple 
method for generating distribution lists. 
These distribution lists contain readers' 
names for each task schedule defined by 
the input files. Schedule Tracker provides 
an effective method for tracking tasks that 
are "past due" and/or "near term." ST gen­
erates reports for each responsible staff 
member who has one or more assigned 
tasks that fall within the two listed cate­
gories. This enables an engineering mana­
ger to monitor tasks assigned to staff by 
running ST on a weekly basis. ST lists only 
reports on tasks that have become past 
due or are scheduled for completion in the 
near future. Schedule Report Generator 
provides a simple method for generating 
periodic schedule reports. SRG enables an 
engineering manager to monitor tasks 
assigned to staff members on a weekly 
basis. 

ST and SRG use the same data-base file 
as input. The common data-base file has a 
maximum number of 400 entries. The time 
span of all three programs is 19 months. 
Both of these maximum numbers can be 
modified by the user. ST requires the VMS 
Operating System on the DEC VIV< com­
puter and was written in PLl1 and DEC 
Command Language (DeL). ST can be pur­
chased separately or in a package (COS­
MIC Program COS-10021) containing SO, 
ST, and SRG. ST was developed in 1985. 

This program was written by Fernando 
F. Collazo of Rockwell International Corp. 
for Johnson Space Flight Center. For 
further information, Circle 82 on the TSP 
Request Card. 
MSC-21526 

Documenting Software 
Automatically 
The often neglected chore of 
documenting software 
is simplified. 

The Automated Software Documenta­
tion Utility is a package of software de­
signed to provide automated drafts of 
manual documentation directly from com­
patible C source code in the UNIX environ­
ment. These programs were designed to 
simplify and streamline the crucial yet 
often neglected chore of documentation of 
programs. Basic design goals were to 
make maximum use of the standard UNIX 
environrrent and to ensure that there were 
as ffN.! constraints on the source code as 
possible. The implementation chC6en was 
to generate MAN macro format text files by 
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parsing input source code. To provide 
some flexibility as to the formats of the 
target documentation, the process was 
divided between tm programs: a parser. 
CSTAIP, and a text reformatter, TXMAN. 

The CSTRIP program parses C source 
code from specified files and extracts top­
level information from declarations and 
comments. The output is standard and 
nominally consists of the sections NAME, 
SYNOPSIS, and DESCAIPrION. The NAME 
section is a list of all global identifiers. These 
are basically the identifiers that may be ac· 
cessible to the linker. Identifiers are con­
sidered global if they are function or varl· 
able names defined in the file without static 
storage class identifiers. The SYNOPSIS 
section gives the types and arguments for 
all global identifiers. The DESCRIPrION 
section contains comments that occur in a 
global context. Commentary text is con­
sidered to have global context if It is 
associated with a global identifier or argu· 
ment or is separated from nonglobal con­
texts. The output produced from CSTRI Pis 
in a simple free-format text language. 

The program TXMAN provides an inter­
face between the output of CSTAIP and the 
standard UNIX text processor NROFF by 
reformating the text to the MAN macro for­
mat used by the UNIX MAN command. It 
also sorts intermingled manual sections 
and provides easier access to features like 
"pagesize" and "linelength". Accordingly, 
one might preferto use TXMAN rather than 
to use the MAN macros directly. 

The Automated Software Documenta­
tion Utility was written in C and Unix Shell 
for execution on an HP 9000 series 500 
computer under the HP-UX release 5.0 0p­
erating system. It has a central-memory re­
quirement of approximately 57 Kbytes. 
This utility was deve!q>ed in 1986. 

This program was wdtten by L. A. 
Pieniazekof TRW,/nc., for Jotmon Space 
Cent., For further Information, Orc/e 160n 
the TSP Request Card. 
MSG-21297 

Generating Semi·Markov 
Models Automatically 
The ASSIST program 
facilitates analysis of 
the behavior of a 
fault-tolerant computer. 

Because of their flexibility, semi-Markov 
models can be used to describe the fault 
behavior of any fault-tolerant computer ar­
chitecture. However, it is impractical to 
generate manually the large semi·Markov 
models needed to describe the behavior of 
a large, complex system accurately. For 
this reason the Abstract Semi-Markov~­
ificalion Interface to the SURE Tool 
(ASSIST) program was developed to gen­
erate a semi-Markov model automatically 
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Polaroid's Ultrasonic 
Ranging System 
opens the door 

to new technology. 
It can be found in "non-touch" 
screen computer monitors, AGV's, 
industrial robotics, electronic 
games, tape measures, aids for the 
disabled,loading docks, collision 
avoidance systems for cars, trucks 
and pleasure vehicles. And, yes, it 
even opens doors. 

The Polaroid Ultrasonic Ranging 
System is an accurate, highly sensi­
tive way to detect and measure the 
presence and distance of objects 
from 10.8 inches to 35 feet. 
What's more, accuracy, sensitivity 
and range can all be improved with 
circuit modifications. 
Three of a kind. Polaroid offers 
three ultrasonic transducers for a 
wide variety of applications. You can 
choose the original instrument­
grade transducer, proven in millions 
of SX-70 Sonar Autofocus cameras. 
Or our Environmental Transducer, 
available in a sturdy 
housing to with­
stand exposure 
to rain, heat, 
cold, salt spray, 
chemicals, shock 
and vibration. And 
now you can select our newest, 
smallest transducer, developed for 
Polaroid Spectra, the camera of the 
future. All use reliable, accurate and 
sensitive electrostatic transducer 
technology. All are backed by 
Polaroid. 

Get a $2 Million Head start. Polaroid spent over $2 million developing the Ultrasonic Ranging 
Sys~em. But now you can get this technology in our Designer's Kit lor only $165*. To order your 
Designer's Kit, please send a check or money order for $165 for each kit, plus all applicable state 
and local taxes, to: Polaroid Corporation, Ultrasonic Components Group, 119 Windsor Street, 
Cambridge, MA 02139. Questions? Call Polaroid's Applications Engineers at 617-577 -4681. 
__ Please send me __ Designer's Kit(s). 
__ Please send more information. 

I Name ______________________________ _ 

I Title ----------------------------

I Company ________________________ _ 

I Address ~ I 
I City Slate __ Zip PolarOid ~ I 
L ,pridngsubjedlochange ___________ .. ~roId .. :·S)(.10·8 .. S~..:.... ~ 
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from a description in an abstract, high-level 
language. ASSIST reads an input file that 
describes the failure behavior of a system 
in an abstract language and generates a 
Markov model in the format needed for in­
put to the Semi-Markov Unreliability Range 
Evaluator (SURE) program (COSMIC pro­
gram number LAR-13789). 

A Markov model represents a number of 
states of the system and trans~ions be­
tween those states. Each state in the 
model represents a possible state of the 
system in terms of which components 
have failed, which ones have been rerroJed, 
etc. Within ASSIST, each state is defined by 
a state vector, each element of which takes 

on an integral value within a defined range. 
An element can represent any meaningful 
characteristic, such as the number of 
working components of one type in the sys­
tem or the number of faulty components of 
another type in use. 

A statement that represents a transition 
between states in the model has three 
parts: a condition expression, a destination 
expression, and a rate expression. The first 
expression is a Boolean expression that 
describes the state-space-variable values 
of states for which the trans~ion is valid. 
The second expression defines the desti­
nation state for the transition in terms of 
state-space-variable values. The third ex-

Color video images from inside vacuum chambers 
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• As low as 1 o·g torrs 
• Magnified images 
• Focus from close-up to infinity 
• Couple to any C-Mount video 

camera 

Flexible fiberscopes and rigid 
borescopes are unique optical 
instruments that let you see sharp, 
clear, color video images of events 
inside vacuum chambers and 
document them on video tape. 
All Olympus vacuum scopes need 
for penetration is a minimum of 
2 3/4 inch flange. 
Observe close-up magnified 
semiconductor wafers during 
processing, position objects under 
SEM observation, investigate new 
aspects of in-situ spectroscopy, and 
a host of other scientific tasks. 

• In-situ spectroscopy 
• Image enhancement and 

analysis 
• White light, strobe, UV, 

infrared, laser frequencies 

Illuminate the site with a wide 
range of light frequencies 
carried by the fiberoptic light 
guide system. Study motion 
with stroboscopic illumination. 
Enhance images wth Olympus 
software. 
For more information call or write: 
Olympus Corporation, 
Industrial Fiberoptics Division 
4 Nevada Drive 
Lake Success, N.Y. 11042-1179 
Tel : 516-488-5888, 800-446-5260 
FAX: 516-488-3973 

OLYMPUS 
INDUSTRIAL 

For Immediate Attention Circle No. 424 
For Literature Circle No_ 425 

pression defines the distribution of elapsed 
time for the transition. 

The mathematical approach chosen to 
solve a reliabil~ problem may vary w~ 
the size and nature of the problem. Al­
though different solution techniques are 
utilized in different programs, ~ is possible 
to have a common input language. The 
Systems Validation Methods group at 
NASA Langley Research Center has creat­
ed a set of programs that form the basis for 
a "reliability analysis" workstation. The 
components are the following: the SURE 
reliability-analysis program; the PAWSI 
STEM reliability-analysis programs (COS­
MIC program number LAR-14165) based 
upon the SURE input language; and ASSIST 
as the preprocessor to SURE, PAWS, and 
STEM. 

ASSIST is written in PASCAL for interac­
tive execution and has been implemented 
on a DEC VAX computer under VMS 4.7 
with a virtual-memory requirement of ap­
proximately BBK of &bit bytes. ASSIST was 
developed in 1986. 

This program was written by Sally C. 
Johnson of Langley Research Center. 
For further information, Circle 8 on the 
TSP Request Card. 
LAR-14193 

XTRN - Automatic Code 
Generator for C 
Header Flies 
This program generates 
"extern" declarations for all 
globally visible identifiers, 

The computer program XTRN, Automa­
tic Code Generator for C Header Rles, gen­
erates "extem" declarations for all globally 
visible identifiers contained in input Clan­
guage code. Most Clanguage programs 
consist of separately compiled files that 
are linked together to form the executa­
bles. In general, when one file uses a vari­
able or function defined in another file, ~ is 
necessary to use an "extern" declaration 
to provide proper type information for the 
identifier. In the usual C programming envi­
ronment, such "extern" declarations are 
coded manually. This is tedious and can 
lead to error for large packages. XTRN gen­
erates external declarations by parsing the 
input text according to a syntax derived 
from C. This automatically provides consis­
tent and up-to-date "extem" declarations 
and alleviates the tedillTl and errors involved 
in the manual approach. 

XTRN was designed to operate as a text 
filter that accepts valid C code as input and 
generates "extern" declarations for vari­
able and function identifiers that are visible 
outside the given source file. Each declara­
tion is followed by a comment containing 
the name of the file in which the identifier 
occurs. The XTRN program parses the In-
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put text according to a syntax derived from 
Kemighan-anc}Ritchie C. This syntax was 
designed only for recognition of text that 
belongs in "extem" declarations. It does 
not ifTl'lement the full C grammar. 

Basically, )(fAN parses only the top­
level declarations in the input code. Since 
all text contained within curly braces is 
private to the file, it is ignored. Similarly, all 
preprocessor directives are assumed pri­
vate and also ignored. In parsing the top­
level declarations, XTRN attempts to deter­
mine the need for text tokens. It discards a 
token as soon as it is clear that the token is 
not needed in an extemal declaration. 

XTRN does not parse variable types 
beyond recognizing v.tlether a token is a 
type specifier and should be included in the 
"extem" declaration. It assumes "int" as 
the default type and "global" as the default 
storage type. 

XTRN is written in C and Unix S1e1l for ex-

ecution 00 an HP oo:x:>series 500 roJl)Uter 
under the HP-UX release 5.0 operating 
system. It has a central-memory require­
ment of fil Kttytes. XTRN was developed in 
1986. 

This program was written by Lester A 
Pieniazek of TRW. Inc., for Johnson 
Space Center. For further information. 
Circle 129 on the TSP Request Card. 
MSC-21298 

Window Utility 
System Program 

This program provides pull­
down menus and multiple 
window displays at 
minimal cost. 

The WinOON Utility System computer 
program provides a full-featured screen­
management windowing software facility 

101 ways 
to set this woman free. 

that can be incorporated easily into user 
application programs. It was developed to 
provide a more pleasing user interface for 
CUPS, theC-language Integrated Produc­
tion System expert-system-deve1opment 
shell program. The WinOON Utility System 
program can also be used with many other 
application programs in the VAXNMS 
language. 

The system addresses the problem of 
providing pulldown menus and multiple 
windows at minimal cost in terms of ex­
ecutable image size and run-time perform­
ance. Most of these savings result from 
scaling the visible portions of ar::4)lication 
windows to a fixed screen size, with only 
the most-recently-displayed winOON visi­
ble. This results in a "stack" of windows 
from which the application programmer 
can make the desired window visible. 

The ar::4)lication programmer can define 
pulldown menu windows that are opened 

Quick. Send for this book. After all, with Watlow flexible heater technology, 
almost anything's possible. Need a way to handle a heating problem more 
efficiently, more economically? It's in the book. Want to see actual case 
histories? This book's full of 'em. Want truly better solutions? Just circle the 
reader service number or call (314) 878-4600 now. WATLOW 

12001 Lackland Road 
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by pressing the corresponding "PF" key. 
Once the window is opened, options are 
selected by posttioning the cursor over the 
desired entry, then pressing "RETURN." 
Once a menu option has been selected, 
the application programmer has full con­
trol over how that option is to be handled. 

Data-entry forms provide for formatted 
display and uJXlate on the terminal screen. 
The application programmer designs the 
screen layout of the data fields, including 
the name and width of each field along with 
an assortment of valid criteria. Validation 
crtteria can include the type of data, ability 
to uJXlate, help text, and an optional list of 
valid values for the field. 

Terminal keys are used to position the 
cursor. The application programmer can 
design forms that do not completely fit the 
available screen space. To gain access to 
these fields, the Window Utility System au­
tomatically scrolls through the form when­
ever an attempt is made to tab beyond the 
last displayed field or backspace above the 
first field displayed. 

The WinOOw Utility System has been im­
plemented on a DEC VN< computer oper­
ating under VMS 4.7 using terminals that 
support the DEC Special Graphics O1arac­
ter set O.e., VT100-c0mpatible). It was writ­
ten in VN< C and uses the Curses Screen 
Management Functions and Macros. The 

Advanced coating 
and laminating 

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

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

capabilities in the 
millionths 

CoatIngllaminating 
Hnes (4 plants) 
+ new plant (1990) 
Clean rooms 
(4 plants) 

+ new plant 

15 
2 

8 Class 10,000 
to Class 1,000 

2 Class 100 

• Clean room manufacturing 
• Sophisticated on-line quality 

inspection 
• Extensive analytical 

capabilities 

Call for our Creden­
tials Package. Complete 
confidentiali ty guaranteed. 

ReKham 
Industrial 
P.O. Box 368 
Matthews, NC 28106 
(704) 847-9171 
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Window Utility System has a virtual-melTlO­
ry requirement of approximately 88K of 
&bit bytes. It was developed in 1988. 

This program was written by Eric G. 
Cooper of Planning Research Corp. of 
Langley Research Center. For further in­
formation, Orcle 85 on the TSP Request 
card. 
LAR-13993 

S-Chart - Scheduling­
Chart Program 

An easy-to-use program 
turns out time-line graphics 
of high quality. 

The Schedule Chart Program (SChart) 
produces quickly, through an array of sim­
ple menu choices, high-quality Gantt-type 
scheduling and production time-line charts 
with minimal data-entry requirements. The 
software produces high-quality charts (20-, 
40-, and 8O-day options) in 10to 20 minutes, 
including startup, entry of data, and printing:­
Reprints take less than 1 minute. Some of 
the more Significant features are as follows: 
speed and ease of use with menu-driven 
selections from start to finish; storage and 
catalogs of all sets of data for rapid acce~ 
and manipulation; compact program to per­
mit storage of dozens of sets of data on the 
program disk; and creation of ASCII text files 
of graphs for rapid printing. The final pro­
duct of the plotting routine is an extended 
ASCII character file, which shcM's the sched­
uled and actual work dates of the events. 
This file may be printed from the program 
or from DOS, or imported to a word proc­
essor for customizing. 

SChart is not intended to take the place 
of commercial scheduling/project-manage­
ment software It is, 11oNever, a simple, s0me­

what limited Gantt-chart-plotting and scheel­
ulingltracking program with an emphasis on 
the straightforward entry of data. There is 
no complex building of relationships be­
tween the scheduled events. Dates are en­
tered as dates, not as algebraic functions. 

All the files of SChart, except for the 
graph picture and the stan(}alone execut­
able, were written in a code that is 100 per- . 
cent compatible with dBASE III. The exe­
cutable was created with CLIPPER, and the 
graph picture files are written in ASCII code. 
SChart was implemented on a IBM PC­
series computer under DOS and requires 
215K bytes of memory_ The program was de­
veloped in 1988. 

This program was written by Eric R. 
Klinkner of Rockv.elllntemational Corp. for 
Marshall Space Right Center. For further 
informauon, Orcle 6 on the TSP Request 
Card. 

Inquiries conceming rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel, Marshall 
Space Flight Center {see page 24J. Refer 
to MFS-29531. 
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Low·Thermal·Stress Structural Joints for Dissimilar Materials 
Such jOints accommodate differential thermal growth between parts of dissimilar materials. 
Langley Research Center, Hampton, Virginia 

There is a need for structural joints that 
can transmit large loads between dissimi· 
lar materials and that can be used over a 
broad range of temperatures without intro­
ducing large thermal stresses. For exam­
ple, control surfaces for hypersonic aircraft 
require the transmission of large torque 
loads from hot aerodynamic surfaces to 
relatively cool wing structures. The joint 
systems of such control surfaces must en­
sure fixed attachment points while permit­
ting differential growth at joints between 
parts made of dissimilar materials. When 
design techniques appropriate to conven· 
tional low·temperature structures are ap­
plied to such control surfaces, they result 
in large thermal stresses or the use of rela· 
tively-Iarge-diameter fasteners, high at­
tachmentJhole stresses, and large differ­
ential movements between parts. These 
results, in tum, give rise to the need for a 
complex structural arrangement for the re­
distribution of loads through the vehicles or 
components. 

Applied Torque 

~ 

Cleats Retain 
Angular Alignment 
as Parts Expand 

Differentially 

Metal 
Coliar 

Composite-Material 
(e.g., Advanced Carboni 
Carbon) Torque Tube 

Cleats Retain Angular Alignment and Remain Radially Convergent through the center as 
parts expand differentially. Thus, all cleats become loaded equally. 

Astructural joint has been developed for 
the attachment of a hypersonic control sur­
face to an aircraft wing structure. The joint 
can transmit large torque loads from the 
composite control surface and torque tube 
(see figure) to the wing structure through a 
metallic attachment lug and collar. The 
torque load is transmitted trom the tube to 
the collar by a series of radially oriented 
cleats. The bearing surfaces of the cleats 
are in a plane passing through the center­
line of the torque tUbe. 

Heating the system causes only radial 
growth of both the tube and the collar. 
Thus, even though the torque tube and the 

collar may have different coefficients of 
thermal expansion, differential thermal 
growth between the tube and the collar is 
in a radial direction and does not cause 
high thermal stresses or a loose joint. Pro­
vided that the materials are isotropiC, the 
joint does not have any thermal stresses 
when it is uniformly heated or cooled. If the 
materials have different coefficients of 
t;,ermal expansion in the in-plane and 
through-the-thickness directions, some 
thermal stresses may be produced by uni­
form heating or cooling of the jOint, but the 
thermal stresses should be low. 

This concept has potential for appIica-

Preventing Ventilation on Sailboard Skegs 
Significant reductions in drag, combined with prevention of 
ventilation, would contribute to high performance. 
Langley Research Center, Hampton, Virginia 

A design effort has been undertaken to 
solve the spinout problem that plagues 
high-performance sailboards. Spinout is 
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characterized by the sudden loss of lateral 
lift on the sailboard skeg. The sailboard 
skeg is a vertical fin on the bottom of a 

tion to high-temperature structural Joints 
associated with hypervelocity vehicles; for 
example, control surfaces, wing-to­
fuselage joints and engine mounts of the 
National Aerospace Plane and planetary 
entry vehicles. Of particular interest are 
highly loaded joints between dissimilar ma­
terials that are expected to experience 
high temperatures. 

This work was done by Edward C. Matza 
of LTV Corp. tor Langley Research Cen· 
ter. No further documentation is available. 
LAR-14138 

sai/board hull (see figure). It is a lift­
producing device used to maintain equili­
brium while the hull is underway by coun­
terbalancing the lateral component of the 
sail force. Ventilation is a common phe­
nomenon that drastically reduces the 
amount of lift produced by the sailboard 
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skeg. When ventilation occurs, the result­
ing unbalanced lateral sail force causes 
the sailboard hull to slide sideways. 

Three conditions are required for venti­
lation: first, there must be a Iow-rnomen­
tum space formed by boundary~ayer sepa­
ration; second, the separated region must 
be at subambient pressure; third, there 
must be atmospheric air in contact with 
this separated, Iow-pressure region. If all 
three conditions are met, air displaces the 
water on the low-pressure side of the 
sailboard skeg, destroying the skeg lift. The 
disadvantage of all previous methods for 
preventing ventilation is the higher drag 
associated with the generation of a vortex 
or turbulent flow. A proposed direct solu­
tion to this skeg-ventilation problem would 
significantly decrease the skeg drag. 

The proposed skeg section has been 
designed by use of a computer model of 
the pressure field and boundary layer. This 
skeg section would prevent ventilation by 
maintaining attached boundary-layer flow 
throughout the operating environment. 
Computed drags are 17 to 29 percent 
below those of commonly used symmetri­
cal NACA airfoil sections. The large reduc­
tions in computed drag result from the 
maintenance of laminar flCMI over 62 per­
cent of the section chord while the sail­
board is on the most-frequently-used 
points of sail. Cavitation, another phenom­
enon that contributes to spinout, would be 
avoided by preventing valleys in the 
pressure distribution while the skeg is op­
erated throughout its range. 

This type of foil section is also conducive 
to long lengths of laminar flCMI. The lower 
skin-friction drag associated with laminar 
flow and the lower pressure drag associ­
ated with attached flow are expected to 
result in lower overall drag, with conse­
quent large improvements in perform­
ance. 

This work was done by Richard A. 
Caldwell of George Washington University 
for Langley Research Center. No further 
documentation is available. 

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 

Richard A. Caldwell 
President, Race Technology, Inc. 
2280 Avocado Ave., No. 11 

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. 

Predictions of Drag in 
Viscous Transonic Flow 
76 
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Skeg Ventilation Causes Unbalanced Lateral Forces on the sailboard, resulting in spinout. 

Melbourne, FL 32935 
Refer to LAR-14008, volume and number of 

Results from the Viscous 
Transonic Airfoil Workshop 
are presented. 

A NASA technical memorandum sum­
marizes the results of computations of vis­
cous, transonic flow reported at the Vis­
cous Transonic Airfoil Workshop held in 
January, 1987. The results are reexamined 
and analyzed with special emphasis on 

this NASA Tech Briefs issue, and the page 
number. 

drag. They are compared with each other 
and with data from experiments. Test 
cases include attached and separated 
transonic flCMIS about a NACA 0012 airfoil. 
A total of 23 sets of numerical results from 
15 different groups of authors are included. 

The methods of computation used by 
the various authors vary from momentum­
integral boundary-layer methods coupled 
with transonic potential inviscid codes to 
full Navier -stokes methods. The majority 
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of methods (a total of 16) utilize the 
Navier-Stokes equations. This suggests 
a strong trend toward the Navier -Stokes 
formulation, even though It can be com­
putationally expensive. The remaining for­
mulations are split between several cate­
gories: two are Euler/boundary-layer 
methods, and five are potentiallboundary­
layer methods. The boundary-layer meth­
ods are dMded between the momentum­
integral approach and the full boundary­
layer-equation approach. 

The computed and measured data are 
presented as graphs showing the coeffi­
cients of pressure as functions of position 
on the upper and lower surfaces of the air­
foil, coefficients of lift as functions of the 
angle of attack and the ooefficient of drag, 
coefficients of drag as functions of the 
tree-stream mach number, the derivative 
of the coefficient of lift with respect to the 
angle of attack as a function of the free­
stream mach number, and the effect of 
grid refinement on the oomputed coeffi­
cient of drag. 

The author draws the following conclu­
sions: Methods for the computation of vis­
cous, transonic, attached flows about air­
foils have reached a sophisticated level of 
development. Most methods are capable 
of producing valuable results in the design 
environment, including the prediction of lift 
to within ±3 percent and drag to within 
± 5 percent. Other computed flow field 
data, including velocity boundary-layer 
profiles and skin-friction distributions, are 
in good agreement with each other and 
with experiment. Levels of scatter in com­
puted and experimental zero-lift drag-rise 
characteristics are comparable, provided 
that proper levels of refinement of the com­
putational grid are used. 

On the other hand, methods for the 
computation of separated viscous, tran­
sonic flows about airfoils are not as well de­
veloped as are those for attached flows. 
This is largely due to the lack of accurate 
mathematical modeling of turbulence in 
regions of separated flow. Inadequacies in 
turbulence models are the most important 
physical-model errors associated with the 
results contained in the report. Despite this 
major defect, recent progress in this area 
suggests hope for the future. 

This work was ckJne by Terry L Holst of 
Ames Research Center. Further informa­
tion may be found in NASA TM-100095 
[N88-22(09), "Computational Fluid Dy­
namics Drag Prediction - Results from 
the VISCOUS Transonic Airfoil Workshop." 

Copies may be purchased [prepayment 
required] from the National Technical In­
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. 
Rush orders may be placed for an extra fee 
by calling (BOO) 336-4700. 
ARC-122S2 
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Remote 
Viewing 

At it's finest 
The most advanced Remote Viewing 

Instruments for observing or Inspecting 
into inaccessible areas or hostile environments. 

BOREScOPES - More styles, sizes and 
operational features to satisfy all industrial 
applications. 

FIBERS COPES - Largest selection 
of standard instruments with brighter 
and sharper images. 

VIDEOScOPES - Four different 
products for various industrial applications 
featuring lTI 's proprietary Digital Image 

Enhancement. 

SYSTEMS - Specialist in UV., custom and 
turn key requirements. 

Quality instruments designed for industrial 
applications. Made and serviced in the U.S.A. 
Satisfaction guaranteed on all products. 

1,.1 
'

INSTRUMENT 
TECHNOLOGY, INC. 

P.D.Box 381, Westfield, MA 01086 
TEl : 413-562-3606 FAX: 413-568·9809 
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Off-The-Shelf. 
And Righ! On The 
Money. 

When you need precision solutions 
to tough design problems, you can get 
them right away from Parker Metal 
Bellows. And you don' t have to break 
the bank to do it 

Parker off-the-shelf welded dia­
phragm metal bellows, flexible shaft 
couplings, compressors and vacuum 
pumps have proven themselves time 
and time again. 

And because dozens of these 
precision-a-afted products are avail­
able off-the-shelf and in a wide variety 
of sizes, configurations and capacities, 
they are as cost-effective as they are 
convenient. 

Get the precision solutions you 
need right now, and at the right 
price. Call, write or fax today for 
the FREE Parker Metal Bellows 
Off-The-Shelf Product Catalog and 
Specification Guide. 

Parkar 
Parker Metal Bellows 
Sharon Division, Parker Bertea Aerospace 
1075 Providence Highway, Sharon, MA 02067 
Phone (617)784-1400. Fax (617) 784-1405. 
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Beating the others cold. 

When you need a metal that 
works but won' t harden at 
extremely low temperatures, 

indium has no competition. It offers 
excellent thermal and electrical con­
ductivity and remains completely 
malleable at cryogenic temperatures. 
Learn more about why it's the hottest 
solution to your coldest problems by 
calling 800-448-9240 for free technical 
literature and consultation. 

• JTi\ 
INDIUM CORPORATION 

OFAMERlCA 
Corporate Headquarters, USA ' 8IJO.4 INDIUM 

or 315-768-6400. 
Indium Corporation of Europe: UK ' 0234·766666 
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Measurements of Shock· 
Separated Turbulent 
Boundary Layers 
Data are tabulated to 
facilitate comparison 
with other measurements 
and computations. 

A report documents surface and flow· 
field measurements of two- and three­
dimensional, shock-separated, turbulent 
boundary layers. Each test case consisted 
of an axisymmetric boundary layer flOWing 
over a 5.02-cm-diameter cylinder whose 
axis was aligned with the wind-tunnel axis. 
A 30°-half-angle conical flare, mounted on 
the cylinder 1 m downstream of the nose, 
compressed the boundary layer, resulting 
in a shock wave and separation. Inclining 
the flare axis at an angle (ex) greater than 
zero to the cylinder axis created a three­
dimensional interaction. The nominal test 
conditions included the following: a total 
pressure of 1.7 atm (172 kPa), a total tem­
perature of 265 K, a free-stream mach 
number of 2.85, and a free-stream Reyn­
olds number of 16 million per meter. The 
incoming boundary layer thickness was 1.1 
cm. 

Measurements were made for the ax­
isymmetric case (ex = 0) and for two three-

ALGOR FEA-Design 
and Stress Analysis $889* 
For 286 or 386 desktop computers 

• FlnHe Elements: truss, beam, 2-D solid , 3-D 
solid, membrane, plate/shell, pipe, boundary, 
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• Stress Analysis: point load, pressure, tem­
perature, accelerations, centrifugal loads, 
deflections. 

• Dynamic Analysis: mode shapes, frequen­
cies, time stress history, response spectrum, 
direct integration, random vibration. 

• Heat Transfer Analysis: 2-0/3-0 conduction, 
convection, radiation, heat source, tempera­
tu re, steady state and transient. 

• Graphics: 3-D models; hidden line removal ; 
1i9ht source shading animation; stress, 
displacement, temperature and flux contours 
w/optional shading; deformations; pan; zoom; 
node/element numbers; color. 

• Modeling: 2-0/3-0 mesh, cylinders, extru­
sions profile-path, warped surfaces; bound­
aries, loads, materials. SUPERORAW II and 
parametric model generation. 

* Full C3pabIiHy. no size restrlcUons: 3-D 
drawing, Computer Aided Design, solid 
modeling, deSign visualization, finite element 
stress analysis, and graphic post-processing. 

GSA Contract HGSOOK89AGS6270 

Design the 
future with 
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Algor has the largest base o( installed FEA 
software in the world! 

TEL: (412) 967·2100 FAX: (412) 967·2781 
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dimensional flows (ex = 5° and 10°). lWo­
color laser Doppler velocirnetry was used 
to obtain velocity-field data, while an ar­
ray of surface taps on the cylinder and 
flares provided static pressures. Shadow­
graphs and oil-flow patterns were used to 
visualize the shock interactions and sur­
face flows, respectively. 

For each of the three cases (ex) studied, 
the report presents in tabular form pressure, 
mean velOCity, and turbulence data obtain­
ed at several streamwise locations. Only 
data from the azimuthal plane of symmetry 
- where the mean azimuthal velocity is 
assumed to be zero - are presented. The 
report also shows the shock-interaction 
shadowgraph and oil-flow pattem for each 
angle. Finally, plotted profiles are given for 
pressures, velocities, Reynolds stresses, 
and turbulent kinetic energies. 

This work was done by J. D. Brown, J. 
L Brown, and M. I. Kussoy of Ames Re· 
search Center. Further information may 
be found in NASA TM-101008[N88-27519], 
':4 Documentation of Two- and Three-Di­
mensional Shock-Separated Turbulent 
Boundary Layers." 

Copies may be purchased [prepayment 
required] from the National Technical In­
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. Rush 
orders may be placed for an extra fee by 
calling (BOO) 336-4700. 
ARC-1229B 

Dye Tracing of Flow on 
Forebody of Airplane 

Results are similar to those of 
wind-tunnel oil flows. 

A report describes experiments in 
which flows over the forebody of an F-18 
airplane were visualized by emitting a liquid 
containing a dye from orifices on the fore­
body. In this method, the liquid flows along 
the body and evaporates, leaving behind 
lines of dye that mark the streamlines and 
can be photographed after the test flight. 
This method was used because it was 
desired to visualize the flow at high angles 
of attack, at which the F-18 becomes 
laterally unstable and at which it · could, 
therefore, be unsafe to photograph a 
tracer flON from a nearby chase airplane. 

Dye lines representing the separation 
and reattachment of vortexes were iden­
tified at angles of attack from 19° to 4r. 
The angles of flow along the surface at the 
90° and 270° meridians showed excellent 
agreement with those of a previous experi­
ment in which the flcM' along an ogive hav­
ing an aspect ratio of 3.5 (a shape similar to 
that of the forebody) was visualized by the 
oil-flON method in a wind tunnel. 

The locations of the lines of separation 
and reattachment on the forebody looked 
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qualitatively similar to those produced by 
the oil-flcm method in a wind tumel on a 
1&percent-scale model of the F-18. How­
ever, the laminar-separation bubble and 
the boundary~ayer transition that were 
seen on model were not evident on the real 
forebody after flight. 

The locations of the lines of separation 
and reattachment on the real forebody 
agreed fairly well with those of the ogive ex­
periment. The elliptical cross section of the 
forebody caused the primary lines of sepa· 
ration to move tcmard the leeward merid­
ian. Within the range of angle of attack 
tested, the angle of attack had little effect 
on the positions of the lines of separation. 

This work was done by David F. Fisher. 
of Ames Research Center, David M. 
Richwine of PRC System Services, and 
Daniel W. Banks of Langley Research 
Center. Further information may be found 
in NASA TM-100436[N88-21127J, "Surface 
Flow Visualization of Separated Flows on 
the Foretxxiy of an F-18 Aircraft and Wind­
Tunnel Model." 

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 (8(X)) 33&4 700. 
ARC-12237 

Passive Damping of Vibra· 
tions in Truss Structures 

Damping can be enhanced 
by redistribution of shear 
strains in damping materials. 

A report describes theoretical and ex­
perimental investigations of passive damp­
ing of vibrations in truss structures. Interest 
in passive damping has been revived by 
proposals to construct large trusses in out­
er space. The studies described here rep­
resent a fresh look at this old topic, with 
a focus on the use of viscoelastic ma­
terials to damp longitudinal vibrations in 
the tubular members of such structures. 

A representative member of the type 
studied is an integral assembly of three 
components: an inner tube called the "tub· 
ular member," which is the main part of 
the overall member and is fastened to the 
rest of the truss structure at its ends; an 
intermediate layer of viscoelastic material 
on the outer surface of the tubular mem­
ber; and an outer tube called the "con­
straining member," which constrains and 
shields the viscoelastic material. The con­
straining member and viscoelastic layer 
can be shorter than the tubular member. 

The theoretical investigation began with 
the reformulation of the shear-lag analysis 
of a previous study. Parameters that govem 
the quasi-static-damping performance 
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were investigated on the basis of elastic 
strain energy, energy dissipated in viscosi­
ty per unit cycle of vibration, and the re­
sulting complex modulus of viscoelastici­
ty. The analysiS showed that damping can 
be enhanced by suitably redistributing 
shear strain in the viscoelastic material. 
One of the parameters - the length of the 
constraining member - was found to be 
a convenient design variable for enhance­
ment of the damping performance. 

For the experimental investigation, sev­
eral different integral damping members 
8.62 in. (21.9 cm) long were constructed. 
Each integral damping member consisted 
of an aluminum tubular member of O.5-in. 
(12_7-mm) outside diameter and 0.02-in. 
(O.5-mm) wall thickness, either of two types 
of acrylic polymeric damping layer, and an 
aluminum or graphitelepoxy constraining 
member. In some cases, the constraining 
members were segmented. The members 
were tested in a six-bay truss structure at 
low vibrational frequency and low dynamic 
strain. The effects of the segmented con­
straining members on damping perform­
ances were investigated by measuring de­
cays of vibrations of the truss structure. 
Some experiments and some additional 
analyses focused on the damping effec­
tiveness of constraining members that 
were "elastically tailored" by design to en­
hance damping via the coupling of exten­
sionltwisting deformations into the visco­
elastic layers. 

In some specimens tested in the truss 
structure, the measured damping values 
were less than the predicted ones; the dis­
crepancies were attributed to uncertainty 
regarding vibration-loss factors of materials 
and imperfections arising from fabrication. 
Members with graphite/epoxy constrain­
ing members exhibited extremely low and 
inconsistent damping, perhaps caused by 
interactions among different polymers in 
the viscoelastic materials or I:1y weak b0nd­
ing to the surfaces of the aluminum tubes. 

In the a<X:fitional analysis of integral mem­
bers with elastically tailored constraining 
members, it was shown that the extension! 
twisting coupling of a tailored constrain­
ing meniler can introdJce additional shear 
strain in the viscoelastic material in the 
tangential direction, but the concomitant 
reduction in axial stiffness reduces the 
axial shear strain by an amount that can­
not be overcome by the gain in the tangen­
tial component. Therefore, the use of an 
elastically tailored constraining member is 
not beneficial. 

This work was done I:Jy Gun-Shing Chen 
and Ben K. Wada of Caltech for NASA's 
Jet Propulsion Laboratory. To obtain a 
copy of the report, "Passive Damping for 
Space Structures," Circle 144 on the TSP 
Request Card. 
NP0-17609 
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Hydromechanical Advanced Coal Excavator 
Water-jet cutting would reduce coal dust and its hazards. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
Roof falls, moving vehicles, coal dust, 

and methane combine to make coal min­
ing an exceptionally hazardous occupa­
tion. The Jet Propulsion Laboratory under 
contract to the Department of Energy has 
designed an advanced coal mining sys­
tem, which will reduce deaths and dis­
abling injuries from these and other in­
herent hazards by up to 90 percent. 

The advanced mining system utilizes a 
fulHace, hydromechanical, cootinuous miner 
(see figure). High-pressure water jets oper­
ate in conjunction with wedge-shaped cut­
ting heads to produce a cutting and wedg­
ing action, which exploits the weak tensile 
strength of coal. Very low levels of dust are 
generated during the process. In contrast 
conventional continuous miners utilize ro­
tating cutting heads equipped with picks, 
which break the coal by means of com­
pressive fracture. As a result, large quan­
tities of dust are generated, posing both 
respiratory and explosion hazards. 

As part of the process, water jets oper­
ating at 10,000 psi (70 MN/m2) and 10 gal/ 
min (6.3X1Q-4 m3/s) cut a horizontal slot 
at the center of the coal roughly 2 to 4 ft 
(0.6 to 1.22 m) in depth, depending on the 
strength and structure of the coal. Wedge-

shaped cutter heads are then foroed into 
the slots, first at the floor and then at the 
roof. As the cutter heads advance, tensile 
forces break the coal into the horizontal 
slot at the center of the seam. Counterro­
tating gathering arms collect the coal and 
dump it onto a conveyor, which transports 
it behind the machine to be loaded onto 
a shuttle car, conveyor, or slurry-haulage 
system . 

Roof support is provided for the entire 
entry, thus eliminating exposure to an un­
supported roof and providing a safe en­
vironment for the operator and support per­
sonnel. Roof bolting actMties occur directly 
behind the excavator as it advances into 
the coal seam. 

A proof-of-concept prototype to demon­
strate the water-jet cutting action has been 
developed at the University of Missouri, 
Rolla School of Mines. Advanced system 
prototype development is in progress. 

This work was done by Jay M. Estus of 
Caltech, and David Summers of the Uni­
versity of Missouri, Rolla, for NASA's Jet 
Propulsion Laboratory. For further infor­
mation, Circle 1 on the TSP Request Card. 
NPO-16442 

The Advanced Coal Excavator uses high·pressure water·jet lances, one In each of the cut­
ting heads and one in a movabie lance, to make cuts across the top, bottom, and middle 
height, respectively, of the coal face. The wedge-shaped cutting heads advance into the 
lower and upper cuts in turn, thereby breaking the coal toward the middle cut. Thrust 
cylinders and walking pads advance the excavator toward the coal face. 
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Splicing Wires Permanently With Explosives 
This technique produces superior, reliable splices. 

Langley Research Center, Hampton, Virginia 
AA explosive joining process has been 

developed to splice wires by enclosing and 
metallurgically bonding the wires within 
copper sheets. Heretofore, in the manu­
facture of electrical equipment, small­
diameter conductor wires have typically 
been spliced by brazing or soldering. Braz­
ing has two disadvantages: the high tem­
peratures locally anneal the wires and can 
cause wires to break, and the operators 
who perform the brazing operation must 
be highly skilled. Solder joints are not as 
strong as the wires. The joints made by the 
new explosive joining process exhibit 
many desirable characteristics, such as 
1(X}percent conductivity and strength, no 
heat-induced annealing, no susceptibility 
to corrosion in contacts between dissimilar 
metals, and stability at high temperature. 
The new process could be used to join 
wires to terminals, as well as to splice 
wires. 

The wires are spread In a plane in alter­
nating fashion in the bundles to be joined 
(see figure). There is no limit on the number 
of wires and width. They are then slid into a 
U-shaped, prebent copper plate, wherein 
standoffs (any convenient material, such 
as tape) separate the wires from the plate. 
The ribbon explosive, which has previously 
been installed on the prebent plate and 
held in place by double-back tape, is then 
detonated by a blasting cap. The flat sec­
tions of the plate are driven into the wires in 
a high-velocity, angular impact, which ef­
faces the oxide films from all surfaces to 
allow interatomic linkup of valence elec­
trons. 

Multistrand Con­
ductors, as well as 
single wires, can be 
readily joined with the 
explosive technique. 

Pr~1 
Copper 

Plate 

Wires of two sizes [0.025 and 0.090 in. 
(0.64 and 2.3 mm)] were used with 0.03(} 
in. (0.76-mm) copper plate, which was pre­
bent to accommodate the different sizes 
and two 0.035-in. (0.89-mm) standoffs. The 
size of the ribbon explosive for the 0.025-in. 
wire was 20 grainslfoot (4.2 g/m) and that 
for the O.09O-in wire was 30 grainslfoot (6.4 
g/m). The total amount of explosive used in 
this setup for a splice 1.5-in. (38-mm) wide 
is less than 1 g. After splicing. the excess 
cower sheet can be trimmed and the splice 
rolled for more convenient packaging. 

The splice prOduced by this technique is 
more reliable than are brazed or soldered 
splices. This technique is directly ap-

Prei>oeilloned 
WI .... To a. Spliced 
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standoff. 

plicable to the telecommunications in­
dustry, in which literally millions of small 
wires are spliced annually. 

This work was done by Laurence J. 
Bement of Langley Research Center and 
Anne C. Kushnick of PRC Kentron. For fur­
ther information, Circle 149 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, Langley Research Center [see 
page 24}. Refer to LAR-13825. 

Making Lightweight Structures by Vapor Deposition 
Complicated structures can be made stiff, strong, and light in weight. 

Langley Research Center, Hampton, Virginia 
A technique has been developed for the 

fabrication of stiff, strong, lightweight struc­
tures of silicon carbide or other materials 
by any of several deposition processes. 
The structures made by this method can 
have complicated shapes. 
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The fabrication of a structure by this 
method begins with the bonding together 
of thin ribs of graphite or other suitable 
material to make a core of honeycomb 
cells that have appropriate shapes. The 
core is mounted in the depos~ion cham-

ber - possibly on a suitable substrate 
coated with a release agent. The SiC or 
other desired material is then deposited on 
the core by physical vapor deposition, 
chemical vapor deposition, evaporation, 
sputtering, or ion-beam deposition. The 
material is deposited to a thickness suffi­
cient to ensure that the core is totally 
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coated. 
The structure is unloaded from the de­

position system and separated from the 
substrate. If necessary, the enclosed core 
material can be removed by drilling small 
holes in the walls of the structure, then bum­
ing, etching, or melting the core material 
away from the deposited overcoat. 

When a vapor deposition technique is 
used to fabricate the structure, the flow is 
a stagnation flow governed by diffusion, 
yielding nonuniformity in the deposition 
along the cell depth. Nonuniformity can be 
minimized by providing holes in the walls of 
the honeycomb. These holes act as pass­
ages for the reage"ts to flow uniformly 
through the structure. Further, deposition 
occurs inside these holes, so that the ma­
terial is connected on both sides of the 
wall, increasing the strength of the struc­
ture. The preferred location for holes is on 
the walls near the base of the structure. 

The ability to manufacture a complex 
shape from pure deposited SiC could be 
quite useful and could lead to n€'N products 
in several fields. These lightweight struc­
tures could be used as backup structures 
for optical components, as structural com­
ponents in automotive, aerospace, and 
outer space applications, and as light­
weight parts of furniture for outer space. 

This work was done by Jitendra S. 
Gaela, Michael A. Pickering, and Raymond 
L. Taylor of Morton Thiokol, Inc'/CVD Inc. 
for Langley Research Center. No further 
documentation is available. 

In accordance with Public Law 96-517, 
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Three Possible Con­
figurations for Vapor 
Deposition il lustrate 
the fabrication of light­
weight structures by the 
new technique. If the 
structure is not to have a 
bottom plate, then the 
core can be mounted on 
a few poles attached to 
a substrate (top). If the 
structure is to have a 
bottom plate of depos­
ited material, the core is 
placed on the substrate 
with a mold-release coat 
(middle). In an applica­
tion like the fabrication 
of a lightweight mirror on 
an SiC faceplate, the 
core is bonded to the 
faceplate and the depo­
sition is performed on 
both (bottom). 

MAKING LIGHlWEIGHTSTRUCTlJREWITHOllT BOTTOM PLATE 

Hoi •• 
tor flow 

- --
MAKING LIGHTWEIGHT STRUCTURE WITH BOTTOM PLATE Mold·Relea •• 

Coal 

the contractor has elected to retain title to 
this invention. Inquiries concerning rights 
for its commercial use should be ad­
dressed to 

Gerald K. White, Esquire 
Director, Patents and Trademarks 
Morton Thiokol, Inc. 

110 North Wacker Drive 
Chicago, IL 600:)6-1500 

Refer to LAR-14059, volume and number of 
this NASA Tech Briefs issue, and the page 
number. 

Zoom Vision System for Robotic Welding 
Replacement of optical components to accommodate different geometries would be unnecessary. 
Marshall Space Flight Center, Alabama 

A rugged zoom lens subsystem has been 
proposed for use in the along-the-torch vi­
sion system of a robotic welder. The zoom 
subsystem would enable the system to 
adapt, via simple mechanical adjustments, 
to gas cups of different lengths, electrodes 
of different protrusions, and/or different dis­
tances between the end of the electrode 
and the workpiece. The zoom subsystem 
would make it unnecessary to change op­
tical components to accommodate such 
changes in geometry, as one must do in the 
present system. It would be easy to calibrate 
with respect to the object in view. 

The zoom subsystem would be optically 
compensated. It would include an objective 
(lens 1) and a zoom/focus cell containing 
positive lenses 2 and 4 and negative lens 
3 (see figure). The objective would collect 
the light from the welding scene being 
viewed; the zoom/focus subsystem would 
provide the variable magnification and fo­
cusing ability needed to adjust to the various 
welding setup geometries. 

The fact that the zoom subsystem would 
be optically (rather than mechanically) com­
pensated is important. Mechanical compen-
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sation necessitates the use of a complicated 
cam that provides the requisite nonlinear 
displacements between lenses. Optical c0m­

pensation does not require such a cam -
at least, not in this subsystem, in which any 
needed changes in magnification would be 
relatively small. 

In a general optically compensated sub­
system, two or more lenses are moved line­
arly, in tandem, with respect to other lenses, 
which remain fixed. In the proposed system, 
lenses 2 and 4 would be attached to each 
other and moved with respect to lens 3. This 
linear, tandem motion would provide the 
variable focus and variable magnification, 
including the ability to zoom in on a weld 
feature at higher magnification. 

This 'NOrk was done IYt Jeffrey L Gilbert 
and Russell M. Hudymc of Rockv.elllnter­
national Corp. for Marshall Space Aight 
Center. No further documentation is avail­
able. 

Inquiries concerning rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 24]. Refer 
to MFS-29712. 
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The Zoom Optical Subsystem would provide 
variable focus and variable magnification. 
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Systems 
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Intelligent Vision System for Autonomous 
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Superplastic Forming of AI-U Alloys for 
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Alloys in an Acid/Salt Environment 

Session F 
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Advances in Coding Theory for Near-Error-Free 

Communications 
Microwave Integrated Circuits for Space 

Applications 
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Optical Shutter Switching Matrix 
Fiber Optic Tactical Local Area Network 
High-Precision Applications of the Global 

PositiOning System 

Session G 
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Superconductivity 
Applications of High-Temperature 

Superconductors 
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for Cryogenic Applications 
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• participate in NASA-indUStry applications 

engineering projects; 
• apply for Small Business Innovation 

Research awards; 
• enter into joint R&D projects with NASA. 



WHO SHOULD ATTEND TECHNOLOGY 2000 
If you are a research director, project leader, design engineer, scientist, technology transfer agent, or small 
business owner/president, you cannot afford to miss TECHNOLOGY 2000. Top technology managers and 
researchers have already registered from the aerospace, electronics, computer, industrial equipment, defense, 
communications, biomedical, materials, power, transportation, and chemical industries. Reserve your place today! 

Show Hours 
Symposia are scheduled for the 8:30 to 11 :00 a.m. and 
2:30 to 5:30 p.m. time slots on both Tuesday and Wednes­
day, November 27 and 28. 
Exhibits will be open from 11 :00 a.m. to 5:00 p.m. both 
days. 

The Location 
All sessions will be held at the Washington Hilton Hotel and 
Towers, 1919 Connecticut Ave., NW, Washington, DC 
20036. A final program will be distributed at registration 
indicating session room assignments and location. Regis­
trants may then choose which sessions they wish to 
attend. 

Registration Fees 
Preregistration: Full registration fee is $150 and includes 
technical sessions and exhibits for both days. One-day 
registration is $100. Preregistrants may visit the exhibit hall 
only at a cost of $20/day. Your badge will be waiting for you 
in the registration area atthe show; a registration confirma­
tion form will be sent to you via mail. 

On-site Registration: Full registration will be $200; one­
day registration will be $125; exhibit hall only will be $25/ 
day. Registration will be open from 7:30 a.m. to 3:00 p.m. 
both days. 

Hotel Accommodations 
The following special rates have been negotiated with 
the Washington Hilton Hotel for TECHNOLOGY 2000 
attendees: single room - $125; double room - $145. 
Reservations will be accepted on a first-come, first­
served basis and must be made directly with the Wash­
ington Hilton Reservations Dept. , (202) 483-3000. 

Transportation 
Ground: The Washington Hilton Hotel is conveniently 
located near the DuPont Circle stop on the Metro Red 
Line, and offers plenty of indoor parking. 
Air: Special arrangements have been made with United 
Airlines through Travel Services Group for discounted 
air fares to attend TECHNOLOGY 2000. You can save 
up to 40% on coach fares or receive an additional 5% 
off already discounted fares (with restrictions) . Make 
your reservations as soon as possible to assure the 
flight schedule of your choice. Call 1-(800)-336-0227 
between 9:00 a.m. and 5:30 p.m. Eastern time, Monday 
through Friday. 

The Sponsors 
TECHNOLOGY 2000 is sponsored by NASA, NASA 
Tech Briefs magazine, and the Technology Utilization 
Foundation, a not-for-profit organization dedicated to 
technology transfer. For further information contact 
Joseph Pramberger, show manager, at 
(212) 490-3999. 

LAST CHANCE 10 PREREGISlER 

Save Time And Money: Preregister Today 
By Calling (212) 490-3999. 

VISA and Mastercard Accepted 

Deadline For Phone Registration: 
November 19, 1990 



Sealing Nitrogen Tetroxide Leaks 
Leaks can be stopped in place, without draining or replacement of leaking parts. 

Lyndon B. Johnson Space Center, 
Houston, Texas 

The use of Furmanite FSCN-6B (or 
equivalent) sealant in a clam-shell sealing 
device makes it possible to stop leaks of 
nitrogen tetroxide through defective or 
improperly-seated plumbing fittings. This 
type of repair was devised to stop leaks of 
nitrogen tetroxide oxidizer in a vent line of a 
small rocket motor on the Space Shuttle. 
The leak-stOpping technique can also be 
used on plumbing containing hydrazine 
and other hazardous flu ids, and the repair 
can withstand severe temperature, vibra.l 
tion, and shock. 

The leaking fitting [a Dynatube (or equi­
valent) line fitting or a weld sleeve, for ex­
ample] or the region of a tube containing a 
leak is covered with a clam-shell device 
equipped with a filling port (see Rgure 1). 
This device is filled under pressure with the 
sealant material until the material is extrud­
ed through the thin spaces between the 
mating surfaces (see Rgure 2). 

This 'NOm was done by Goorge G. Garrard, 
Donald W Houston, and Frank D. Scott of 
RockWell International Corp. for Johnson 
Space Center. No further documentation 
is available. 
MSC-21600 

Hole for 
Clam·Shell Bolt 

Sealant 

Leakl ng Fitting 
(e.g., Dynatube 
or Equivalent) 

Filling Port 
(Hidden Behind 
Fitt ing) 

Clam-Shell 
Device 

Tube Containing 
Oxid izer 

Figure 1. The Clam-shell Device covers the 
leaking f itting. It is not necessary to remove 
the leaking fitting or otherwise disturb the 
plumbing. 
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Oxidizer 
Line 

Figure 2. In this Completed Re­
pair, extruded excess sealant pro­
trudes from between the halves of 
the clam-shell device. 

The Sat ync" GPS- ynchrontzed ome As a frequency source you have the long 
and Frequency System is (he affordable term stability of cesium but at only 1/3 the 
alternative for meeting your m t complex cost. 
timing requirements. Call today to arrange your own personal 

Sat ync i accurate to within lOOns. demonstrauon. 
worldwide, 24 hours a day and our disciplined 
oscillator guarantees accuracy whether or not 
the satellites are in view. 

Self calibrating and easy to use Sat ync Odetics 
can be configured as a timing or frequency Precision Time Divis ion 
system. 1515 South Manchester Avenue, Anaheim 

T tming outputs include pulse rates as weU California 92802-2907 
as a variety of time codes and paralLel BCD. Phone 714 758-{)4(]() Fax 714 776-6363 
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Santa Barbara, CA 93101 
(805) 564-3388 FAX (805) 963-0733 
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Characterization of Robot Work Cell 
A mathematical model of tooling and workspace 
is improved iteratively. 

Marshall Space Flight Center, Alabama 
An iterative process of measurement can be verified by simple measurements. 

and computation is used to characterize It is important to be able to make such a 
the work cell of a robot, increasing the ac- choice because the geometric zero de-
curacy of a mathematical model of the fined in the controller can be one that is 
work cell. Such characterization is need- not easily verifiable (see figure), 
ed because the model is to be used in off- With Olp, positions and configurations 
line programming (OlP) to compute paths are computed externally to the robot con-
to control the motion of the robot. The troller. Robot trajectories thus computed 
characterization process increases the ac- are transferred to the robot controller in the 
curacies of the model and paths; for ex- form of files of joint-position-encoder values 
ample, by correcting for differences be- that do not depend on the geometric zero. 
tween the placement, orientation, and To increase the accuracy of the initial or 
dimensions of the actual workpiece, tool- previous iteration of the model, test trajec' 
ing, and robot and those specified in the tories are created off-l ine and executed in 
initial or previous iteration of the model. the work cell. In creating a test trajectory, 

Heretofore, characterization has irMJlved test points are such verifiable locations as 
the use of highly specialized, precise, ex- the ends of tooling grooves on a position-
pensive measuring devices capable of de- ing table, Robot motion is then simulated, 
fining locations in three-dimensional space commands are generated, and the pro-
and has yielded accuracies of the order grams downloaded to the robot controller. 
of 0,01 in. (0,25 mm), In the tungstenlinert- With the measurement probe in place, the 
gas welding process for which the present test trajectory is executed. Each test point 
method of characterization was conceived, is measured with respect to the verifiable 
accuracy of ±0.5 in. (12,7 mm) suffices, location to determine the accuracy of the 
and budgetary constraints dictate the use program and model. By measuring several 
of less expensive (and, therefore, less-ac- positions within the work cell, one can es-
curate) measuring equipment. tablish trends that link inaccuracies to 

To characterize with the required accu- specific jOint offsets, After each change, 
racy without expensive measuring equip- the test trajectory must be resimulated, 
ment, the present method establishes two commands regenerated, and the new files 
guidelines: (1) robot-joint configurations are redownloaded to the robot controller to ac-
defined relative to other such configu- count for the changes in the model. This 
rations rather than expressed in terms of iterative process is complete when tne 
positions measured in an arbitrary coor- desired accuracy is obtained, 
dinate frame, and (2) the geometric-zero This work was done by Ronald R. 
configuration and position in the mathema- Anderson, Vincent Y. Paternoster, and 
tical model can differ from the geometric- Wayne A. Guthmiller of Rockwell Interna-
zero configuration and position defined tional Corp. for Marshall Space Flight 
(usually by the manufacturer's specifica- Center, For further information, Circle 3 
tion) in the robot controller as the zero con- on the TSP Request Card, 
figuration and position and as the basis Inquiries concerning rights for the com-
for all intemal calculations of positions, Un- mercial use of this invention should be ad-
der the second guideline, the geometric- dressed to the Patent Counsel, Marshall 
zero joint configuration of the mathemati- Space Flight Center [see page 24}. Refer 
cal model can be chosen to be one that to MFS-29731. 

When the Work­
place Lies at the 
Geometric Zero 
defined by manu­
facturer's specifica­
tion in the robot con­
troller (position 1), 
the angular position 
of the workpiece is 
such that the 
groove of interest 
lies at an angle with 
the robot track, This 
angle is difficult to 
verify with the 

Robot Motion ___ 
Along Track Robot 

POSITION 1 

Posilloning 
Table 

Robot 
Track 

POSITION 2 

measuring probe, When the workpiece lies at the geometric zero defined by the user (position 
2), the groove of interest lies parallel to the robot track, This is easily verified in that the probe 
reading should remain constant as the robot moves along the track, 
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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. 

Polyhedral 
Observation Cupola 

A strong, lightweight 
structure would include 
facets with windows. 

A report describes a concept for an 0b­
servation cupola for Space Station Free· 
dom. The cupola would be used by crew­
members to observe docking of the Space 
Shuttle, servicing of payloads, extravehi­
cular actMty, and other operationS in which 
they could help by observing. The report 
includes computer-generated pictures that 
realistically depict crewmembers' positions, 
workstation positions, and views through 
various windows. 

The cupola would include 15 triangular 
metal panels, welded together in the form 
of part of an icosahedron similar to a geo­
detic dome. (The 5 panels that would com­
plete a perfect 2O-sided icosahedron would 
be replaced by a cylindrical base that would 
serve as a platform for the crewmembers.) 
The diameter of the dome would be about 
6 ft (2 m). Like a terrestrial geodetic dome, 
it would be a relatively lightweight struc­
ture that could withstand large stresses. 

Each triangular panel could contain a 
circular window with a double glass pane; 
if one of the panes should fail , it could be 
removed and replaced without disturbing 
the other. The circularity of the window 
would allow the use of panes that have 
been prestressed by encircling them with 
compressing bands. Compressive pre­
stressing would give the panes approxi­
mately the strength of tempered glass; 
therefore, they could be made relatively 
thin and light in weight. 

The size and shape of the windows 
would be the same as those of the win­
dows in the habitation and laboratory m0-

dules of the Space Station. Therefore, all 
panes from different windows would be in­
terchangeable, and the number of spare 
panes that would have to be stored could 
be reduced. 

This work was done by Karen S. 
Edelstein and Gerald D Valle of Johnson 
Space Center. To obtain a co{J'l of the re­
port. "Icosa Cupola for the Space Station 
Freedom," CIrcle 57 on the TSP Request 
Card. 
MSC-21689 
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...... .. ""~_f.'1 Wardwell composite braiders pro­
duce rocket-motor exit cones and 
ignitors, rotor and propeller blades, 
thermoplastic airframe stiffeners, 
windmill spars, pressure vessels, 
skis, bicycle frames, tennis racquets, 
and more. Composite braiding 
deals more effectively with com­
plex surfaces, offers superior parts 
versatility, tremendous hoop strength, and works with a 
wide variety of materials, including Kevlar, fiberglass, 
and carbon fibers. Find out how Wardwell's experience 
can help you bring life to your most 
challenging assignments. 
Our experience is the difference 

Gal (401) 724-8800 
01 'Mite for 011 composite stCl)'. 

@JVVARDVVELL 
WARDWELL BRAIDING MACHINE CO. 
1211 High Street, Central Falls, RI 02863 USA 
(401) 724-8800 Fax: (401) 723-2690 "TWX: 710384-1305 
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When y"ur aprlicatinn demands pn."cision 
rime, plug In OJenc' new IRIG-S board-level 
prnces "Jr. Ql!llroct 'mwe lum.l rocJ<agmg means 
igTllficant 5,'lVmg:; m 'pa e, COlors, power and 

in!>tallation nme. 

superimf'l~ ti ming and other data onto your 
video signals. 

Order a board for u:>e with a VME bus, or 
a PC AT/XT bus. Or Unibus, Q-bus, STO bus 
or Multibu . I . OJetlcs offers the Widest range 
of bus compatible timmg products on today' 
market, giving you many options for addmg 
rune code prt X:Cibmg [0 exIStIng amreJter systems. 

Video timing applications! Check out our 
VME video inserter with its unique ability to 

For further information, technical Iltera­
ture or a demonsrranon of OJetlcs' hoard-level 
[Lmmg pruducts, talk to our expert in timing 
technology. 

tics 
Precision TIme Division 
1515 South Manchester Avenue. Anaheim 
California 92802-2907 
Phone 714 7~ Fax 7]4 776-6363 
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Trigonometric Polynomials for Estimation of Spectra 
Suboptimal substitutes for discrete prolate-spheroidal data windows are easier to compute. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

Orthogonal sets of trigonometric 
polynomials can be used as suboptimal 
substitutes for the discrete prolate­
spheroidal "windows" of the Thomson 
method of estimation of spectra. As used 
here, "windows" denotes weighting func­
tions used in sampling time series to obtain 
their power spectra wjthin specified fre­
quency bands. The simplified windows are 
designed to require less computation than 
do the discrete prolate-spheroidal win­
dows, albeit at the price of some loss of ac­
curacy. 

With respect to a frequency band 
[f 0 - W, f 0 + W], the leakage Ug, W) of a 
function 9 of discrete or continuous time is 
defined as the fraction of its total energy 
contained in frequencies outside [ - W, W]. 
As such, the leakage of a window is a 
measure of its inaccuracy. The discrete 
prolate-spheroidal windows of the Thomson 
method are orthonormal and optimal with 
respect to leakage - that is, they have 
minimal leakage in a space of sequences 
that contain the number of terms, N, of the 
time series. 

A recent effort to simplify the calculation 
of orthogonal windows and to extend their 
applicability to unevenly-spaced and 
multidimensional data involved the use of 
trigonometric polynomials. In this ap­
proach, the coefficients of the polynomials 
and their leakages are respectively the 
eigenvectors and eigenvalues of a certain 
matrix, the entries of which depend on N. 
In the new approach, one obtains a further 
simplification for evenly-spaced one­
dimensional data by deriving the coeffi-

t 
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These Frequency Responses are those of the k = 0 and k = 4 trig prolate windows of degree 
4forbandwldthw = NW = 4. (The complete sequence includes wlndowsk = Otok = 8.)The 
relative frequency, y, is the deviation from the middle of the frequency band, In units of the re­
ciprocal of the sampling period. The total energy of each window Is 1. 

cients and leakages of an orthonormal set 
of continuous-time trigonometric poly­
nomials that do not depend on N. They are 
converted to discrete-time data windows 
by sampling them at N properly-chosen 
points. The new, simplified windows are 
called "sampled trig prolates" (see figure). 

For w = NW = 2 to 5, and 8W not 
greater than the Nyquist frequency O.e., N 
~ 16w), one pays a leakage penalty of at 
most 2.6 dB for not using the optimal dis­
crete prolate-spheroidal windows. In re­
turn, one needs merely to evaluate certain 

trigonometric polynomials of degree w. In 
contrast, the evaluation of the discrete pro­
late-spheroidal windows requires the solu­
tion of an N X N symmetric Toeplitz matrix 
eigensystem. The prospective user of the 
Thomson method might regard the 2.6<JB 
penalty as an acceptable price to pay for 
avoiding such complexity. 

This work was done by Charles A. 
Greenhall of Caltech for NASA's Jet Pro­
pulSion Laboratory. For further informa­
tion, Circle 48 on the TSP Request Card. 
NPO-17885 

Cooperating Expert Systems for 
Automated Monitoring and Diagnostics 

the analysts to maintain the desired mode(s) 
of operation, and help the analysts to cor­
rect anomalies in the subsystems or in the 
overall spacecraft system. Other versions 
could be devised for industrial monitoring 
and analysis tasks that are similarly compli­
cated. 

Human operators will be freer to perform nonrepetitive tasks. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

AIl expert software system for monitor­
ing multiple streams of sensory data from 
interacting equipment subsystems is un­
dergoing development. The original version 

94 

of this software is intended to assist human 
analysts in the interpretation of telemetry 
data that indicate the operating statuses 
of the subsystems of a spacecraft, enable 

Computer automation of the monitoring 
task offers several advantages. R rst, it re­
lieves the human operators of the repetitive 
and boring task of routine monitoring, wait-

NASA Tech Briefs, November 1990 



ing for malfunctions that occur infrequently 
and unpredictably. By so doing, it frees the 
analysts for more challenging, nonroutine 
tasks. Another advantage is the preserva­
tion of routine and reportable components 
of expertise In the face of changes In per­
sonnel. Yet another advantage is provision 
for the integrated analysis of data from mUl­
tiple spacecraft (or equipment) subsystems 
In cases in which a malfunction in one 
equipment subsystem can manifest itself 
in changes in the sensory data from other 
equipment subsystems. 

The expert software system is organized 
hierarchically to monitor multiple spacecraft 
(or equipment) subsystems (see figure). In 
this software hierarchy, each software m0d­
ule has its own separate knowledge base, 
each with its own inferencing process. All 
the knowledge bases are incorporated in­
to the same software hierarchy. A top-level 
(level-1) program performs functions rele­
vant to access to data, maintenance of 
data, and interface with the user(s). This 
level also passes data to the level-2 expert 
system, which allocates the incoming data 
to the appropriate third-level expert system 
for analysis. Each third-level expert system 
contains production rules for a single (space­
craft or equipment) subsystem. These per­
form analyses to identify anomalous situ­
ations and provide recommendations for 
corrective action. They also report their 
findings upward to the second-level expert 
system, which may pass the findings c:bNn­
ward to another third-level expert subsys­
tem for appropriate action, depending upon 
relevance. At the fourth and lowest level 
of the hierarchy are small programs that 
perform algorithmic analyses as requested 

The Expert Soft­
ware System is or­
ganized hierarchi­
cally to monitor mUl­
tiple equipment sub­
systems simultane­
ously. Each expert 
software subsystem 
is responsible for 
one 01 the equipment 
subsystems. 

by the expert subsystems. 
For maximum speed and portability, the 

top- and bottom-level programs are writ­
ten in C. The expert system and subsys­
tems located in the second and third levels, 
respectively, are programmed In an expert­
system software shell that makes it possi­
ble to embed the expert system into high­
er-level C code and enables the expert 
subsystems to call lower-level external 
functions. 

A prototype expert software system for 
monitoring three spacecraft SUbsystems 
has been tested successfully on the Sun 

L£Y£l. l 
C Program 

AcquiSion. and Main tenance of Data and 
Interlace With ll"!e User 

lEVEL 4 
C Prooram 

lEVEl • lEVEL. 
C Proown C Prooram 

Algo<lthm 1 Algorithm 

LEVEL' lEVEl • 
C Program C Program 

Algoflthm 2 Algorithm N 

4 workstation. However, to add the second 
expert system for coordinating the analysis 
of multiple spacecraft subsystems in nearly 
real time, it may be necessary to transfer 
the software to other computing equipment 
that supports higher speed and mUltiproc­
essing. 

This work was done by Ursula M. 
Schwuttke and John R. Veregge of Caltech 
for NASA's Jet Propulsion Laboratory. 
For further information, Circle 161 on the 
TSP Request Card. 
NPD-17804 

Forward Stochastic Nonlinear Adaptive Control Method 
The main advantage is simplicity of programming and reduced complexity with 
clear performance/computation trade-offs. .--------c-los-e-d.L-oo-P---, 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A promising new method of computa­

tion for optimal stochastic nonlinear and 
adaptive control is undergoing develop­
ment. Essentially, the new approach is to 
solve systematically the stochastic dynam­
ic programming equations forward in time, 
using a nested-stochastic-approximation 
technique. 

The system in question is represented by 
discrete-time nonlinear state and measure­
ment eqJations. The system state, which is 
assumed to be only partially observed, is 
specified by a probability density at the In­
itial time. The process and measurement 
equations include noise, the discrete-time 
components of which are represented by 
sequences of zero-mean white-noise vec­
tors that have mutuaJly independent com­
ponents. These noise vectors are statisti­
cally independent of the random Initial 
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state, and have process statistics specified 
by koown probability densities. 

The optimal-control problem is to mini­
mize a specified cost function over the 
class of admissible control poliCies. M ad­
missible control policy is defined by a se­
quence of control vectors, each of which 
maps the information state (the measure­
ment information causally available at a 
given instant) into the input vector at that in­
stant. 

Using a forward method, the optimal 
control vectors are computed along a spe­
cific realization of the optimal trajectory 
through state space. At each instant, only 

The Computational Archl1ecture for the 
new method involves a sequence of subal­
gorithms called "H blocks," which can be 
cascaded. 

Information 
State 

Optimal 
Control 
Vector 

.1 

95 



those future optimal trajectories causally 
related to the present information state are 
considered. The computational architec­
ture for this approach involves a cascade 
of "H blocks" (see figure). M. the top of 
each H block, the information state is read 
in, and the corresponding closed-loop 0p­
timal control vector is read out. At the bot­
tom of each H block, the future information 
states that correspond to the simulated tra­
jectories are read out, and the correspond­
ing closed-loop optimal control vectors are 
read in. This forward approach is quite dif­
ferent from the classical approach, in 
which the stochastic dynamic program-

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. 

Using Expert Systems for 
Computational Tasks 
A transformation technique 
may enable inefficient expert 
systems to run in real time. 

A paper suggests the use of a knowl­
edge compiler to transform the knowledge 
base and inference mechanism of an 
expert-system computer program into a 

ming equations are solved backwards in 
time - a procedure that embeds the prob­
lem into a larger one and requires compu­
tation of the optimal solution over the entire 
state space. 

Although this approach involves much 
computation, it is simple to program on a 
computer, and it provides a straighforward 
numerical solution for problems of this 
kind . Furthermore, it provides an al­
ternative to the usual "curse of dimension­
ality" associated with soMng the dynamic 
programming equations backward in time; 
the "curse" takes a new form in which the 
amount of computation depends on the 

conventional computer program. The main 
benefit would be faster execution and, 
therefore, reduced processing demands. 
In avionic systems, for example, the trans· 
formation would reduce the need for spe­
cial·purpose computers. 

The paper presents an overview of ex­
pert systems and a brief comparison of 
expert-system programs with conventional 
programs. It discusses applications of ex· 
pert systems to avionics and explains the 
concept of the knowledge compiler by 
using examples of forward· and backward· 
chaining systems. 

Expert systems offer an aircraft pilot 
both knowledge and assistance. They help 
the pilot cope with the complexities of, and 
interactions among, subsystems in new 

• MATRlXx® and SystemBuild™for engineering analysiS, 20 & 30 graphics, and 
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amount of uncertainty in the problem and 
the length of the horizon. As a matter of 
significant practical interest, it is shoYm 
that the cost of computation decreases 
monotonically as the complexity of the 
algorithm is reduced. This feature provides 
a strategy for suboptimal control with clear 
tradeoffs between performance and the 
amount of computation. 

This work was done by David S. Bayard 
of Ca/tech for NASA's Jet Propulsion 
Laboratory. For further information, Circle 
53 on the TSP Request Card. 
NPO-17861 

aircraft. Indeed, expert systems may pro­
vide the only way of dealing with some 
advanced aircraft. However, expert sys­
tems impose a heavy computational bur­
den - a burden that must be executed in 
real time in an aircraft. Expert systems 
operate by iterative processes that are 
necessarily ineffiCient, and the inefficiency 
increases with the size of the knowledge 
base. 

The transformation 01 me rUles 01 an 
expert system into conventional comput­
er code yields a logically equivalent repre­
sentation of the knowledge base and infer­
ence mechanism. Of course, the flexibility 
of the expert system has been changed in­
to the rigidity of a conventional code - but 
if the transformation is done automatically, 
nothing is lost. Furthermore, the program 
thus generated can be executed much 
faster and by any number of processors. 

The transformation would be done by a 
knowledge compiler in a process reminis­
cent of that of a standard compiler. When 
the knowledge base in the expert system is 
modified, the compiler would generate a 
new conventional source code; the old 
code would be discarded. 

The transformation concept is not lim· 
ited to applications in avionics. In research 
and development laboratories, for in­
stance, symbolic processors offer many 
benefits but tend to be costly single-user, 
special-purpose systems. The transforma­
tion technique would convert such expert 
systems from symbolic processors to 
numeric processors that can be used on 
widely available general-purpose comput­
ers. 

This work was done by Eugene L Duke, 
Victoria A. Regenie, and Marylouise 
Brazee of Ames Research Center and 
Randal W Brumbaugh of PRC Kentron. 
Further information may be found in NASA 
TM88263 [N8fr24687]. ''An Engineering 
Approach to the Use of Expert systems 
Technology in Avionics ,Applications." 

Copies may be purchased [prepayment 
required] from the National Technical In­
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487·4650. 
Rush orders may be placed for an extra fee 
by calling (BOO) 336-4700. ARC-12137 
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Principles and Applications 
of Dual Adaptive Control 
Simulations indicate the 
superiority of a dual controller 
over a "cautious" controller. 

A report discusses principles of design 
of actively adaptive dual controllers. The 
focus is upon the derivation of control laws 
for a dual controller that can enhance the 
identification of the parameters of a 
mathematical model of a multiple-input/ 
multiple-output system, while controlling it 
at the same time. In general, the tasks of 
identification and control impose com­
peting requirements. 

The design of a controller is the result of 
an algorithm that optimizes its perform· 
ance as measured by a performance index 
or cost function. This index is generally de­
fined as a function of actual and desired 
outputs of the system to be controlled. 
Usually, the complexity of the system 
makes it necessary to settle for a subopti­
mal solution to the design problem, based 
on probability density functions for the pa­
rameters. In such a stochastic system, the 
control has a dual effect: it affects both the 
present state as well as the future state of 
the system andlor the uncertainty in the pa­
rameters. 

A dual controller, the design of which ex­
plicitly utilizes this dual effect, offers signifi­
cant potential for the improvement of the 
control of an uncertain linear plant. Such a 
controller probes the system to enhance 
immediate identification of the parameters 
in order to increase the accuracy of the 
subsequent control decisions and regulate 
the system at the same time. Thus, the dual 
controller has two different tasks and c0m­

promises between good control and good 
identification of the parameters. 

Two controllers that do not account for 
any dual effect are also investigated. One 
of them, called the heuristic certainty 
equivalence (HCE) controller, estimates 
the parameters on the basis of all available 
information and uses those estimates as 
though they were true. 

The other one, called the "cautious" 
controller, uses the estimated parameters 
as well as their associated current co­
variances. In an uncertain situation, this 
controller can be overly "cautious" be­
cause of the uncertainty in the parameters. 
Another disadvantage of this controller is 
the turnoff phenomenon in which the con· 
trol almost vanishes during significant 
lengths of time. Thus, the controller cannot 
estimate the parameters and loses control 
over the system. 

The adaptive.cJual-control solution de-

veloped in this study utilizes the dual effect 
by performing a Taylor-series expansion of 
the expected future value of the cost func­
tion. This solution modifies the law of the 
"cautious" controller with a numerator 
"probing" term and a denominator correc­
tion term. Monte Carlo simulations indicate 
that this solution prevents the turnoff 
phenomenon prevalent with a cautious 
controller. However, on a few occasions 
this solution demonstrates excessive prob­
ing; this is handled by a control limiter. 
Analysis of the simulations shows the 
superiority of the dual controller over the 
"cautious" and HCE controllers. The prin­
cipal improvement is in the avoidance of 
situations like the slow convergences and 
turnoffs typical of the "cautious" controller. 

This work was done by Purusottam 
Mookerjee of the University of Connecticut 
for Ames Research Center. Further infor­
mation may be found in NASA CR-177485 
[N88-28038], "Dual Adaptive Control: 
Design PrinCiples and Applications." 

Copies may be purchased [prepayment 
required] from the National Technical In­
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. 
Rush orders may be placed for an extra fee 
by calling (BOO) 336-4700. 
ARC-12310 
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NAG Fortran Library products enable you to spend your time and talents on genuine 
problem solving, not software development. 200 experts, recognized worldwide as the 
leaders in their fields, create the solutions in the NAG Library. The accuracy, perfor­
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to make maximum use of the NAG Library. 
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NAG Ada Library 
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New on the Market 

Eaton Corporation's Pressure Sen­
sors Division, Bethel, CT, has in­
troduced a new line of flexible RTD 
temperature sensors suitable for 
application to both flat and rounded 
surfaces. The units meet resistance 
versus temperature characteristics 
of ASTM, DIN, IEC, and American 
Reference standards for platinum. 
Nickel, nickel-iron and copper 
curves are also available. Standard 
resistance at OOC is 100 ohms, ±D,12 
percent. 
Circle Reader Action Number 800. 

VideoWindows HR from New 
Media Graphics, Billerica, MA, 
brings full-motion video in a window 
to high-resolution workstation 
screens such as Sun, DEC Silicon 
Graphics, and Tektronix. Operating 
as a peripheral to the host worksta­
tion, VideoWindows HR digitizes 
incoming video from standard NTSC 
or PAL cameras, VCRs, videodiscs, 
cable TV, or still-frame video sources 
in real-time and scan-converts it to 
match the monitor's display require­
ments. The images approach the 
quality of high-definition television, 
according to the manufacturer, and 
can be displayed full-screen or in 
any size window. Applications in­
clude visualization, training, desk­
top publishing, and military C31. 
Circle Reader Action Number 796. 

X-Lib software from EMT Inc., Bell­
Castall, Weymouth, MA, has intro- ingham, WA, automatically creates 
duced the E-414FR thermally-con- icons from any part of an AutoCAD 
ductive epoxy for use on glass di- drawing, producing graphical pop­
odes, electronic ballasts, power sup- up icon menus of symbols and 
plies, PCBs, and other circuits. A blocks. To retrieve a symbol, the 
1:1 mix ratio makes the epoxy easy user look~ it up in the icon menu. X­
to pour and its 10,000 cps viscosity Lib will in~ert it to a desired scale as 
rating allows it to saturate dense an AutoCAD block with attached 
configurations. Listed by UL's 94V- attributes. This feature eliminates 
o specifications for flame retardan- the need to remember block names 
cy, E414-FR provides semi-flexible and directories because symbols are 
(75D shore) protection for parts in stored as graphical images. 
assembly, during temperature cy- r-C.:::;I:.:..·rc;:::lc::.e.:.:R.::;eade=;.:..r,-,Ac::.ct:.:.;ion::..:..:..;N..:.u:::m=be=r..:...:~ 
cling, and throughout the shipping 
process. 
Circle Reader Action umber 794. 

3-D Visions, Redondo Beach, CA. 
has announced the availability of 
GRAFTOOL 3.0, the first 20 and 
3D graphics package to provide on­
screen visual data analysis on a stan­
dard PC, with mainframe level 
power. GRAFTOOL oHers 26 tech­
nical graph types, from scatter plots 
to polar plots, contours to suriaces. 
Onscreen data can be viewed from 
any angle; changed; extracted, 
smoothed to best iits, and contoured 
- without leaving the graph. Com­
patible with lotus 1-2-3, Qualtro, 
and ASCII files, GRAFTOOl can 
display up to 268.000.000 data 
points. complete with Greek and 
math symbols, error bars, and unre­
stricted text placement. 
Circle Reader Action Number 792. 
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Electronic Associates Inc., West 
long Branch, NJ, has introduced 
the VISIDAQ® menu-driven video 
strip chart recorder for real-time 
data collection and display. Up to 
178,000 samples/sec capability al­
lows capture of 9 kHz waveforms. 
Four stages of user-definable limit 
checking and automated triggering 
options are included. 
Circle Reader Action Number 790, 

FREE:. 
AN INTELLIGENT SOLUTION TO 
MOTION CONTROL PROBLEMS. 

The Airpot dashpot has solved violent solenoid 
problems for Abbott Labs. 

VelOCity problems for Xerox. 
Shock absorption problems for Pratt & Whitney. 
Time delay problems for General Electric. 
Vibration/oscillation problems for RCA. 
Snubbing problems for Eastman Kodak. 
And actuation problems for Browne. 
So if you have a motion control problem that 

won't go away, take advantage of our free, no 
obligation offer. 

Call or send for our bulletin to select the free 
Airpot model that wiLL work best for you. It just 
may be the solution you're looking for. 

Airpot Corporation, 27 Lois Street, Norwalk, 
Connecticut 06851. Or call (203) 846-2021. 

Alrpof" 
The intelligent solution to motion control problems. 
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Multi-Channel Transient 
Waveform Recording Systems 

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

• Systems sampling from 2 to • Switched timebases - two 
or more simutaneously 200 channels simutaneously 

• Sample rates up to 100 MHz • Pre-trigger, Pre NB, NB, 
Delayed, Delayed NB, Free 
Run, NB/C/D with 2 time­
bases, and Delayed NB/C/D 

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

bits 
• MerTlOlY up to 1 M words, 

more with chaining 
• RS232, IEEE-488, and 

DMA interfaces 
• IBM-PC and HP compatible 

~ datalab 
Lucas Industrial Instruments 

DATALAB Products 
760 Ritchie Hwy, Suite N6 Severna Park, MD 21146 
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THE WORLD'S 
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• L_-----_.JM ModeI2500A 

Applications include: 
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• Transfer Standards 
• Pressure Measurements 
• Detection of Water and Contaminants 
• Displacement and Strain 
• Cryogenic Temperature Measurements 
• Thickness of Materia ls 
• Insulation Quality 
• Thermal Expansion 
• AC resistance 

Outstanding Features: (wHh Option E) 
• Accuracy of 3 ppm 
• Stability better than 0.5 ppmjyear 
• Resolution of 0.5 aF (0.0000005 pF) and 0.07 ppm 
• Temperature coefficient of om ppmrC 
• Conductance as low as 300 attosiemens 
• DIssipation as low as 1.5 x 10'" tan S 
• IEEE-488 and RS-232 interfaces included 

~H 
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For a brochure, contact: 
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Chagrin Falls. Ohio 44022 U.S.A. 
Phone: (21 6) 349{)370 
FAX: (216) 349{)3S9 
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New on the Market 

The PPC2 pre ure contro"er/ cali­
brator from DH Instruments, 
Tempe, AZ., is designed for use by 
local operators as a stand-alone, 
automated workstation . It integrates 
fu"-fundion control and measure­
ment in one portable, com pad 
housing. The front panel keypad 
and display allows a library of cus­
tom calibration routines to be set up 
and stored for reca ll and execution . 
Built-in quartz-crystal-based refer­
ence pressure sensors give the PPC2 
accuracy to +/- 0.01 % F .5. +0.01 % 
of RDC. 
Circle Reader Action umber 762. 

A toolbox oj C functions for writing 
third-party CAD/CAM applications 
is available from Building Block 
Software,somerville,MA.The CAD/ 
CAM Developer's Kitn.! provides 
users with full 30 DXF. 20 and 3D 
display and geometry operalions, 
and list management capabilitie . It 
is suited for developing DXF file 
viewer add-ons to database pro­
grams, numerical control code gen­
erators, finite element mesh genera­
tors, 30 piping layoul tools, and 
printed circuit board layout check­
ing programs, and can be used to 
build the internal "geometry en­
gine" of a CAD/CAM system. 
Circle Reader Action Number 778. 

The Turbo-Jet from FTS Systems, 
Stone Ridge, Y, provides 
economical temperature testing of 
electronic components and circuit 
boards. The compad unit delivers 5 
to 15 scfm air flow at controlled 
temperatures from -75 to +230 C for 
rapid temperature cycling and ther­
mal shock applications. A dual axis 
holding arm moves the test shroud 
away from the ATE test fixture for 
easy access to the test area . 
Circle Reader ction Number 784. 

The first PC-based IBM compatible 
3480 tape subsystem for PC's has 
been introduced by Shaffstall Cor­
poration, Indianapolis, I . The PC-
3480 allows PC users to upload and 
download data to an IBM main­
frame via 200 MB 3480 cartridges, 
at up to 1 megabyte per second. 
System software provides for menu­
driven interfacing and the address­
ing of up to seven additional SCSI 
devices. 
Circle Reader Adion Number 786. 

CUAROsTAR from the Tapeswitch 
Corporation, Farmingdale, NY, is a 
self-contained photo-eledric ma­
chine guard featuring a modular 
design. Its modular transmitters and 
receivers are continually checked 
by three microcomputers. Single 
component failures or other faults 
cause the guarded machine to re­
vert to a safe condition, maximizing 
operator safety. The infrared system 
discriminates spurious light 
sources, responding only to its own 
twin unit. 
Circle Reader Action Number 768. 

Acme Electric's Advanced Energy 
Systems Div., Tempe, AZ, will pro­
duce a new line of maintenance­
free, sealed nickel-cadmium bat­
teries. The battery's plates are con­
structed of a nickel-coated fiber 
matrix into which the active mate­
rial - nickel hydroxide in the posi­
tive plate and cadmium hydroxide 
in the negative - is embedded. Since 
the fibrous plates are 90 percent 
porous, they provide excellent utili­
zation of the battery's active mate­
rial. resulting in improved low-tem­
perature performance, low charge 
coefficient, and higher power capa­
bilities than sintered batteries 
Cir Ie Rader Action Number 760. 
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Materials researchers at UAH have developed several facilities for reduced gravity 
experiments on the NASA KC-135 aircraft. 

Charles E. Bugg. Bugg's laboratory has 
used the space shuttle to grow large 
crystals of medically significant proteins, 
such as those implicated in AIDS and 
diabetes, which are then mapped in 
precise detail by X-ray crystallographic 
techniques. BioCryst is taking these 
methods a step further, using comput­
ers to custom-design new drugs that 
interact with these proteins to produce 
clinically desirable results. The com­
pany is moving toward the market with 
four drug projects. In the last year, a 
management team has been as­
sembled with significant experience in 
the pharmaceutical industry. 

CMS Research Corporation has 
already put its first products on the 
market and now enjoys sales of more 
than $1 million annually. The company 
develops environmental monitoring de­
vices that detect minute (parts per 
trillion) atmospheric concentrations of 
toxic gases, especially volatile organic 
compounds. CMS's initial products have 
been mainly targeted toward U.S. 
government markets, but the company 
is working to expand their applications 
to hazardous waste sites and manufac­
turing plants. 

Bioelastic Research Ltd. (BRL) 
seeks to commercialize research by Dr. 
Dan Urry's Laboratory of Molecular 
Biophysics at UAB. The research 
focuses on a new biomaterial com­
posed of synthetic analogs of muscle 

and other elastic animal fibers. 
These materials stretch or shrink in 
response to electrical or chemical 
stimulation and can be pro­
grammed to biodegrade. BRL has 
developed a material which 
behaves remarkably like natural 
fibers, and can be formed into gels, 
powders, and sheets for medical 
and industrial applications such as 
prevention of post-surgical adhe­
sions, replacements for synthetic 
ligaments and blood vessels, and 
possibly even saltwater desaliniza­
tion. The U.S. Navy is funding two 
research contracts at BRL on 
adhesion prevention and wound 
healing applications. Plans are 
under way to create a development 
company that will produce the 
bioelastic material in large quanti­
ties. 

Consortium For Space 
Life Sciences 

The close proximity of the 
University of Alabama in Huntsville 
(UAH) to NASA's Marshall Space 
Flight Center has shaped the 
university's research and educa­
tional programs since the days of 
Apollo in the 1960s. It continues to 
do so as the nation looks ahead to 
the development of a permanent, 
manned space station and to 
exploratory missions which will 

take mankind farther from the safety of 
Earth's environment than ever before. 

The Consortium for the Space Life 
Sciences, founded in 1987, is a logical out­
growth of UAH's long history of involvement 
with America's space program. Its mission is 
to work toward the development of technol­
ogy to meet the life sciences needs of the 
next century and to promote the free 
exchange of ideas and skills among diverse 
scientific disciplines. 

Most of the consortium 's work has been 
directed toward the needs of NASA's space 
station Freedom project. Under contract to 
the Marshall Center, the consortium pro­
vides consulting services to NASA's Envi­
ronmental Control and life Support System 
(ECLSS) group. This engineering team is 
designing and testing physical-chemical 
methods to reclaim and recycle air and 
water aboard space station Freedom. The 
consortium advises the ECLSS group on 
issues such as microbial and chemical 
contamination of recycled water. Guidance 
is also provided to NASA on the establish­
ment of institutional review boards, test 
subject safeguards, monitoring require­
ments, and experimental design . 

Moreover, the consortium supports the 
Boeing Company's effort in NASA's ECLSS 
water recovery test program. Activities 
include the drafting of a study protocol for 
the determination of urinary constituents in 
oxone/sulfuric acid-treated urine, and a plan 
for assessing the effects of this pre-treat­
ment process on urinary metabolites. 

Major laboratory support for consortium 
activities is provided by the Kenneth E. 
Johnson Research Center on the UAH 
campus. The center houses an environ­
mental testing laboratory, providing more 
than 6000 square feet of dedicated research 
space, and features two Cray supercomput­
ers, as well as instrumentation for water 
analysis, including ion, gas, and liquid 
chromotography; atomic absorption spectro­
photometry; and mass spectroscopy. 

Space Crops 
Alabama's Tuskegee University is 

conducting research under the auspices of 
NASA's Life Sciences Division to study 
growth of the sweet potato in a space 
environment. The sweet potato is one of 
eight crops under evaluation that could 
provide the basis for a balanced and varied 
diet for a space inhabitant. 

Tuskegee's research is aimed at 
hydroponically growing the potato. Media 
other than soil, such as sand and gravel, 
were initially evaluated, but these posed 
potential problems, given the mass and 



Alabama's technology is felt in 
some of the most far-out circles. 

A great climate for 
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business. 
Alabama has the most 

sophisticated technological tal­
ent of any place in the country. 
We produce designs and facili ­
ties as modern as any in the 
world. 

In fact, the space station is 
being designed in Huntsville, 
Alabama, where much of the 

American space program has 
been conceived and executed. 

There's a technologically 
advanced talent base to draw 
upon here that you don't have 
elsewhere. 

We have a world-class medi­
cal center, research facilities 
equal to any in the United States, 
and universities conducting sci­
entific work important to our 
national defense. 

We have more graduate 
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volume limitations on space cargo. The 
Tuskegee team then successfully 
experimented with a nutrient film 
technique (NFT) which involves the 
passing of a thin film of nutrient­
enriched water solution over the sweet 
potato plant's root system. Tuskegee's 
redesigned NFT system has earned the 
university a patent and is producing 
sweet potatoes on a consistent basis. 

The second phase of this research 
focuses on quantifying parameters such 
as temperature, humidity, and light 
intensity for plant growth using artificial 
lighting systems and enclosed environ­
ments. After basic conditions are 
determined at Tuskegee, follow-up 
research with large communities of 
plants will be conducted at the Kennedy 
Space Center's Biomass Production 
Chamber. Research related to the NFT 
system will not only serve the nation 's 
space agriculture needs but will also 
benefit Earth-based farmers by provid­
ing information on how to more effi­
ciently grow potatoes and other related 
root crops. 

New Methods For Producing 
Semiconductor Materials 

Researchers at UAB, the Marshall 
Center, and Rockwell International are 

working to improve methods for 
producing "third-generation" semicon­
ductor materials. Formerly known as 11-
VI semiconductors, the materials will 
have important applications in infrared 
radiation detectors. For some portions 
of the infrared spectrum, no other type 
of detector is available. The researchers 
hope to use the microgravity environ­
ment of space to produce large crystals 
of these materials, which have been 
difficult to grow on Earth due to the 
effects of gravity. They are looking at 
semiconducting alloys made of mer­
cury, cadmium, and tellurium (HgCdTe); 
mercury, zinc, and tellurium (HgZnTe); 
and mercury, zinc, and selenium 
(HgZnSe). The goal is to produce large, 
homogenous crystals of these alloys 
which can then be sliced into wafers to 
be manufactured into semiconductor 
devices. The ability to produce large 
quantities of these materials is expected 
to make large-area arrays of infrared 
detectors more economically feasible . 

An experiment that will attempt to 
grow crystals in space has been 
scheduled for a March 1 992 space 
shuttle flight. In preparation for the 
mission , Dr. Rose Andrews and her stu­
dents in UAB's Materials Science and 
Engineering Department are involved in 

an extensive ground-based study. 
Using directional solidification, Dr. 
Andrews will grow crystals of several 11-
VI alloys that will help determine optimal 
growth conditions for the space flight. 
The ground-based studies will also de­
termine the characteristics of Earth­
grown crystals, such as the influence of 
various growth conditions on the 
densities and distribution of crystalline 
defects. 

Materials Processing Science 
ATUAH 

Research activities in materials at 
the University of Alabama in Huntsville 
help to provide a vehicle for transferring 
technology between NASA, industry, 
and other universities. Of particular 
interest are the materials processing 
programs in reduced gravity and non­
destructive evaluation. 

In addition to space experiments, 
UAH also manages several programs 
which assist the materials scientist or 
engineer in performing preliminary 
experiments in less costly experimental 
facilities and provide an opportunity to 
explore the potential of a low gravity en­
vironment for preparing new or unusual 
materials. 

The Johnson Research Center's 

The 1960s - Saturn/Apollo ... 
The 1970s - Skylab/Viking/Voyager ... 
The 1980s-Space Shuttle ... 
The 1990s - Small Spacecraft/Avionics ... 
SCI has provided state-of-the-art elect ronic products for 
NASA space programs since 196L 

As Voyager leaves the Solar System in 1990, SCI's on-board 
systems continue to meet NASA mission requirements. 

The Voyager Interstellar Mission is expected to 
return data to Earth well into the 21st cen­
tury ... with SCI plated wire memories still function­
ing. Now as we begin the 1990s SCI remains a 
leading supplier of space qualified, fault tolerant, 

multiprocessor based electronics, in addition to being a low 
cost producer of small spacecraft. SCI has played a key role 
in the NASA space program and remains prepared for the 
future. 

SCI Systems, Inc., a "Fortune 500" Company and the 
largest Alabama-based corporation in the space 
business, continues t o strengthen its position. 

SCI SYSTEMS, INC. ________________ _ 
p.o. Box 1000 • 8600 South Memorial Parkway • Huntsville, AL 35807 • (205) 882-4411 • FAX: (205) 882-4652 
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Materials Processing Laboratory has 
developed several facilities for reduced 
gravity experimentation on the NASA 
KC-135 aircraft, which flies a series of 
parabolic maneuvers to simulate 
reduced gravity. Although each parab­
ola constitutes only 20-25 seconds of 
reduced gravity (0.01 g), experiments 
can be designed to optimize the 
information obtained and to determine 
the feasibility of performing a similar 
experiment in space. 

Other operations resulting from 
interaction with materials research at 
the Marshall Center include several 
manufacturing-related activities in 
conjunction with the Alabama Center for 
Advanced Technology Training 
(ACATI) in Huntsville. R&D projects 
include robotics, nondestructive testing 
of industrial products, and instrumenta­
tion. For example, after consulting with 
Nondestructive Evaluation Laboratory 
personnel at Marshall, UAH and Onan 
Corp. in Huntsville demonstrated a 
robotic ultrasonic scanning system for 
determining debonded regions in cast 
aluminum engine blocks and the 
wrought iron inner sleeve for the 
combustion chamber. Funding is 
currently being sought to move the 
technology from the laboratory to 
production. 

The Consortium for Materials 
Development In Space (CMOS) 
provides for commercial materials de­
velopment through several university­
industry projects. Access to space is 
accomplished via NASA's various 
experimental facilities. Of particular 
interest to the CMOS are sub-orbital 
rocket flights that provide extended 
reduced gravity environments. 

CMOS manages two rocket 
activities: the Consort program, which 
provides more than seven minutes of 
reduced gravity at less than 10· g for a 
payload up to 650 pounds; and the 
Joust program, which will provide 14 
minutes of low-g for a 520-pound 
payload. 

The suborbital rocket activity is one 
example of commercial infrastructure 
supporting the basic materials objec­
tives of the consortium. Another is a 
Univiveral Small Experiment Container 
(USEC) being designed for use in 
Spacelab or Spacehab, when either is 
carried aboard the shuttle, as well as in 
the shuttle middeck. 

UAH's Center for Applied Optics 
(CAO) recently created the Laser 
Applications Research Laboratory 
(LARL), which provides Alabama's 
industrial community with a unique 

facility for testing and developing 
specialized applications of high-power 
lasers. The centerpiece of this labora­
tory is a 20 KW CO2 CW laser donated 
to the university, in part, by Combustion 
Engineering. Its power is continuously 
tunable. so that it can emulate any 
commercially-available CO

2 
laser. As a 

result, industries working with LARL can 
determine the applicability of lasers to 
their work with little investment in 
hardware. 

CAO encourages industry to use 
the laboratory for research. develop­
ment. trial runs, or prototype develop-

TRW Systems Integration 
Group 

Technology and TRW: 

ment involving laser-oriented materials 
handling problems. The types of R&D 
supported by LARL include drilling, 
cutting, welding, heat treating. cladding, 
and alloying of metal work pieces. A 
contract with a local small business will 
demonstrate at LARL laser brazing of 
ceramic material. Other projects focus 
on beam control and basic laser 
development. The CO2 laser is com­
puter-controlled and can produce an 
output beam of 1 to 20 KW power for 
durations of 0.1 second to hours. 

LARL will receive in the near future 
two of the world's most powerful XeCI 

A brilliant past; a brighter future. 
Proud partners with Alabama since the space program 
began, TRW is pleased to continue this successful 
teamwork with 500 employees in Huntsville, 
Montgomery, and Birmingham. 

For futher information, please call: 205.830.3276 

Circle Reader Action No. 523 

A SPACE CAMP trainee "flies" the MMU against the backdrop of a 
mockup of the Hubble Space Telescope during an exerci e at the 
U.S. Space & Rocket Center in Hunt ville, Alabama. Enrollment i 

I 
under way for youth and adult program. Phone (205) 837-3400 for 
infonnation. (Photo by Bob Gathany) 
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excimer lasers. One, with a Raman cell, 
will produce 540 nm radiation at 4 
joules/pulse. The other will produce 308 
nm radiation at 60 joules/pulse. Both 
are pulsed at 50-60 Hz. 

Space Power Institute Involved In 
" Star Wars" Technology 

Auburn University's Space Power 
Institute, formed in 1985, tackles a 
broad range of issues which impact on 
space power technology. Current 
research efforts concentrate on 
Strategic Defense Initiative (SOl) 
requirements. A totally new capacity will 

result, which should clearly define syn­
ergistic effects of spacecraft dynamics, 
power-produced vibration, thrust 
effluent, and local environment. New 
energy storage concepts based upon 
molecular engineering promise to 
produce orders of magnitude improve­
ments in energy storage and utilization 
which will impact key issues of weight , 
volume, and cost. 

The institute's approach to space 
power technology is to model space­
craft power train interactions to deter­
mine effects due to vibration, thrust, 
torque and effluent using finite element 

Circle Re.der Action No. 459 

techniques developed for NASA and the 
aerospace community and plume 
modules from other sources; to model 
and build scale versions of power 
distribution within the spacecraft to 
determine optimum arrangements, 
operating parameters, reliability, neces­
sary redundancy, and thermal effects; 
to conduct experiments with materials 
suitable for solid state switching in order 
to minimize thermal loss while maximiz­
ing power flow; to explore materials 
technology for use in energy storage 
devices and build prototype storage 
units by engineering large surface area 
materials, new electrolytes, and foils ; to 
study electrical breakdown in the 
vacuum/spacecraft environment using 
gas species typical of spacecraft 
effluent; and to evaluate advances in 
power technology. 

Supercomputing In Alabama 
Alabama was the first state to fund 

and operate a high-speed supercom­
puter network for the dual purpose of 
promoting academic research and 
industrial development. The Alabama 
Supercomputer, a giant problem-solver 
capable of performing 400 million 
calculations per second, has been 
installed in its own 30,000 square foot 
building in Huntsville's Research Park 
West. 

The Supercomputer Authority, a 
public corporation consisting of mem­
bers of government and the private 
sector, oversees operation of a Cray 
XMP-24 supercomputer which is linked 
via high-speed (1.54 million bits per 
second) communication lines to Mobile, 
Montgomery, Birmingham, Tuscaloosa, 
and Auburn. Other links (56,000 bits per 
second) include Troy, Jacksonville, and 
the Shoals area. 

Alabama's system is unique in that 
it requires 40 percent of its resources to 
be set aside for Alabama business. 
Access to the supercomputer makes 
engineering and scientific research pos­
sible which otherwise could not feasibly 
be accomplished. 

Southern Research 
Institute Provides Creative 
Industrial Research 

Birmingham's Southern Research 
Institute is providing local and regional 
industry with a new research and 
problem-solving service through its 
Division of Industrial Effectiveness. Bob 
Jeffcoat. head of the division. recalls a 
typical case in which a local manufac­
turer called him with an urgent prob­
lem-his usually high-quality paint finish 



High-Tech Gift Ideas 

Illustrated Encyclopedia 
Of Space Technology 

A must for space buffs! The 
most comprehensive single­

volume reference work on 
the history of space 

exploration. Hundreds of 
full-color illustrations reveal 

how the latest hardware 
works. 304 p. $29.95 

Astronaut Ice Cream 
The same ice cream enjoyed by astronauts 
in space. Freeze-dried, vacuum-packed, in a 
Neapolitan flavor mix: vanilla, chocolate, and 
strawberry. The perfect stocking stuffer! Two 
packages for $5.95 

Astronaut Fruit 
Amazing space spinoff .. .freeze-dried 
strawberries and peaches ready to eat. Two 
packages for $5.95 

The Space Pen 
Developed for Apollo astronauts, this amazing pen 
writes at any angle (even upside down), in severe 
temperatures, and under water. Its patented pres­
surized cartridge lasts three times longer than ordi-

nary cartridges. Compact chrome pen features 
distinctive space shuttle emblem. $15.95 

Discovery Model 
Build your own space shuttle! Detailed ln2 scale 
model kit features a huge 13" wingspan, movable 

rudder and flap, NASA decals, adjustable manipulator 
arm, opening cargo bay doors, and Spacelab 

payload. $24.95 

The Universe: A Jou ney 
Through Space And Time 
Join narrator William Shalner 
on a journey to the farthest 
reaches of the universe. Travel 
back billions of years and watch 
the evolution of stars and 
galaxies. This video adventure 
explores the universe·s greatest 
mysteries: black holes, pulsars, 
quasars, and much more! Full 
color. VHS. 30 minutes. $34.95 

NASA Shirt/Cap 
Combo 

Special offer: High­
quality white cotton! 

poly golf shirt and red­
white adjustable 

cap ... both featuring 
official red NASA 

logo. Only $23.95 
for the set! (Shirt 
available in adult 

sizes only.) 

NASA Vector 
Logo Sweatshirt 
Classy sweatshirt 
space buffs will 
treasure. Striking 
red, white. and blue 
imprint on high­
quality white cotton! 
poly sweatshirt. 
Adult sizes only. 
$19.95 

- - - - - - - - - - - - - - - - - - - - - - - - - - I~======== 
Order ow or Pre- h . . mas clh·ery. 

Rush the follOWing items: (ItSI quantity) 

___ Encyclopedia of Space Technology ($29.95) ___ Astronaut Fruit ($5.95) __ NASA ShirtlCap Combo ($23.95) 
Ctrde shirt size(s) · S M L XL 

___ Discovery Model ($24.95) ___ Universe Videotape ($34 .95) 

Astronaut Ice Cream ($5.95) 
NASA Vector Sweatshirt ($19.95) 

___ Space Pen ($15.95) -- Cirde size(s): S M L XL 

Add $4.00 lor postage and handling. (NY reSidents add sales tax.) Total $ ______ _ o Check enclosed (Payable to NASA Tech Briefs) 

Bill my: :J Amencan Express :J Visa :J Master Card Account No"'. __________________ _ 

Card holder's name (Please print) ____________________ _ Expiration Date: Mo. ___ _ Yr. -----
Signature ____________________ Phone No. _______________________ _ 

Shipping Address: Name ___________________ --...:Company ___________________ _ 

Address _________________________ City/State!Zip _________________ _ 

Mail to: NASA Tech Briefs, Dept. F, 41 East 42nd St., Suite 921 , New York, NY 10017 For Faster Service Order By Phone: (212) 49()'3999 



was suddenly deteriorating, and tons of 
sheet steel were becoming scrap. 
Within hours they responded and 
identified the problem as a contaminant 
in the paint, a problem the manufacturer 
could solve at the source. 

When the job calls for detective 
work, Southern Research acts like a 
consultant. But what makes this group 
unique is that it goes far beyond con­
sulting to design products, invent pro­
duction methods, and build machinery. 
It routinely employs computer-based 
methods for design, analysis, control , 
and simulation. The institute's produc­
tion machinery incorporates digital 
control, advanced sensors, and various 
unconventional techniques for cutting 
and joining. Further, it uses state-of-the­
art methods in such areas as quality 
improvement, inventory management, 
production planning, training, and deci­
sion support. 

Research is continuing in the 
institute's traditional areas such as 
environmental protection , advanced 
materials, and drug development. In the 
latter area, an anticancer drug called 
Fludarabine is undergoing successful 
clinical trials and has been licensed to 
Triton Biosciences, Inc. It is the 

institute's tenth clinically evaluated drug 
and if commercialized would become 
the fifth commercial anticancer drug 
developed at Southern Research. 

Resource Center Sells 
Alabama To Industry 

The process of selecting a site for a 
business expansion or relocation can 
be an exhausting one, usually involving 
months of research as well as visits to 
numerous prospective locations. Ala­
bama Power Company, through its 
Alabama Resource Center, offers an ef­
fective, time-efficient way to research 
and identify just the right site. 

The center, located in the Meadow­
brook Corporate Park 11 miles south of 
Birmingham, works closely with state 
and local economic development 
agencies to provide a one-stop, in­
depth response to a full range of infor­
mational needs. The heart of the center 
is a presentation room which houses an 
interactive computer/laser disc system 
where a client can match project 
specifications against comprehensive 
databases. The databases contain 
video overviews of the business climate 
and quality of life in Alabama's commu­
nities; profiles of business and industrial 

Quality 
engineering for 
thespace 
environment ............................ -- .~ 

Teledyne Brown Engineering has 
provided quality engineered equip­
ment and services for the U.S. 
space program since 1953. 

We supported Saturn and Skylab 
We are heavily involved in 

Space Shuttle and Space lab 
We are a major team member for 

Space Station Freedom 

" .... 

And, we will be there when the U.S. 
puts permanent manned outposts on the 
moon and begins the exploration of Mars. 

~ TELEDYNE 
BROWN ENGINEERING 
Teledyne Brown Engineering 
Cummings Research Park 
Huntsville. AL 35807-7007 
205726 1000 
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parks and sites; data on available 
industrial and commercial buildings with 
aerial photography of each ; infrared 
satellite photography of the state; a 
catalog of 52,000 U.S. Geological 
Survey maps at four scales; digitized 
quad sheets with current traffic counts ; 
and census data, demographic trends 
and economic projections. 

When potential sites are selected, 
a helicopter is available to take the 
client to each site. In 1989, the center 
hosted 92 prospect visits, aided in the 
preparation of 135 research reports and 
presentations for off-site delivery, 
prepared 1057 demographic reports, 
and handled 124 requests for specific 
data. It also hosted 14 economic devel­
opment workshops and five leadership 
forums. 

For further information on science and 

technology in Alabama, please call the 

Alabama Department of Economic and 

Community Affairs' Science, Technol­

ogy and Energy Division at (205) 284-

8950. For business development in 

Alabama, contact the Alabama 

Development Office at 1-800-248-0033. 

The world 's astronaut! 
scientists will use Teledyne 

Brown equipment for specialized 
high-temperature crystal growth 

experiments on the Space Shuttle and 
Space Station Freedom. Planned for 
flights beginning in 1992, the furnace 
can accommodate up to six experiments 
at temperatures up to 160fl'C. 



New on the Market 

Storage Concepts, Irvine, CA, is of-
fering the first commercial parallel 
transfer disk (PTO) drives combin­
ing the two fastest platforms - disk 
drive arrays and parallel transfer 
disks - for high capacity data stor­
age. The Concept 161 System pro­
vides over 20 gigabytes of hard disk 
storage, with a peak data transfer 
rate of 50 megabytes per second, or 
48 megabytes per second sustained, 
and can be connected to most host 
computers. The PCXI modular industrial PC 
Circle Reader Action Number 774. from Rapid Systems, Seattle, WA, is 

suited for rugged test applications. It 
accepts any PC instrumentation, data 
acquisition, or control cards manu­
factured to the Industry Standard 
Architecture (lSA). These cards are 
mounted in EMI/RFI shielded mod­
ules that plug into a passive 
backplane. A typical PCXI consists 
of a power supply, CPU and video 
modules, plus up to eight modules 
containing instrumentation cards. 
Circle Reader Action Number 768. 

1---------------1 Omni Intemational, Waterbury, CT, 
The Magneto-OptidEddyCurrent has introduced a line of handheld 
Imager (MOl) from PRllnstrumenta- mechanical homogenizers. The ho­
tion, Torrance, CA, provides a new mogenizers combine the precision 
method for fast inspection and de- to process samples as small as 0.03 
tection of fatigue f:racks and be- ml with the power to process over 
low-surface corrosion in aging 20 liters. Applications include RNA 
aircraft. large areas can be exam- preps and processing samples in 
ined rapidly by moving the camera microcentrifuge tubes. 
unit across the metal surface. A mini- Circle Reader Action Number 772. 
ature CCD camera inside the hand­
held inspection unit displays a clear 
image of rivets, cracks, and corro­
sion on a portable TV monitor. The 
images can be videotaped to docu­
ment results. 
Circle Reader Action Number 766. 

RPlot'" from Research Software, 
e\\ York Cit}, IS an MS-OOS util­

I----------~--I ity for plotting scientific data. The 
A 100 megabits per second com­
munication controller designed for 
the UNIX multiuser graphics mar· 
ketplace i, available from Comtrol 
Corp., St. Paul, M . Dubbed Mul­
tiVision, it enables a user to connect 
up to 16 graphic stations to any 
386- or 486-based AT- compatible 
microcomputer. A MultiVision 
graphics station can run any appli­
cation designed for the "X" environ­
ment. 
Circle Reader Action Number 770. 
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oftware uses ASCII data files cre­
ated by data acquisition systems or 
theorellcal computer codes; no file 
conversion is needed. Within each 
file, RPlot automallcally handles a 
range of formats including multiple 
data sets and textual comments. It 
creates publication quality figures 
including error bars, logarithmiC 
axes, multiple fonts, supersCripts, 
subscripts, scientific symbols, and 
the Greek alphabet. 
Circle Reader Action Number 776. 

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 analyses 
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 fuji scale 

o Range to 0.5 in. 

MTllnstruments 
Pioneers in Sensor 
Technology 

1-800-342-2203 968 Albany-Shaker Road 
Latham, NY 12110 
(518) 785-2211 

CIII., rm 1nttrIsItd, ClrcIt •. 61 o-$end UttritUrt. Circle No. 613 
SEE US iN "AFCEA (HAWAII) BOOTH #106 



Visible Laser Diode 
Modules 

Complete system includes: 
SM Laser Diode 
Power Supply 
Optics 

$200/single piece 

Features: 

110 

112 x 2 inches 
Circuit Protection 
Fine Focus (60 tpi) 
Adjustable Optical Output Power 

Power Technology Incorporated 
7925 Mabelvale Cutoff, Mabelvale, AR 72103 

(501) 568-1995 Fax (501) 568-1994 
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New Literature 

"Wireless/90,N a free catalog from 
Microwave Filter Company Inc., 
East Syracuse, NY, describes micro­
wave filters and accessories for 
MMDSIlTFSlMDS reception, includ­
ing video aural combiners, channel 
combiners, preselectors, and inter­
ference filters. It details the evolu­
tion of the wireless cable industry, 
its equipment, and the nature of this 
video delivery system. An appendix 
lists domestic and international 
channel frequencies. 
Circle Reader Action Number 714. 

An eight-page color brochure from 
Perkin Elmer, Norwalk, CT, intro­
duces the ELAN 5000, an induc­
tively-coupled plasma mass spec­
trometer • This compact system is 
designed for rapid multielement de­
termination of elemental species at 
low concentrations in a variety of 
samples. The brochure summarizes 
the ELAN 5000'5 features, including 
its single-button control of the vac­
uum system and ICP, and the built­
in free-running 40 MHz RF genera­
tor specially designed for ICP-MS, 
which ensures the lowest possible 
oxide levels. 
Circle Reader Action Number 724. 

A 20-page brochure by Instron Cor­
poration, Canton, MA, details a line 
of microprocessor-based load/strain 
measuring instruments, fast-acting 
grips and fixtures which improve 
productivity on high-volumetesting 
applications. All models are easily 
automated using PCs for test con­
trol , data collection, and analysis, 
including SPC and SQC. The six 
models featured provide capacities 
from 1125 to 135,000 pounds for 
applications ranging from low 
modulus, extensible materials such 
as rubber and textiles to tougher 
plastics, metals, and composites. 
Circle Reader Action Number 716. 

-----::.::::: 

Texcellnc., Westfield, MA, is offer­
ing a free brochure on the TXL-
9000, a fully integrated laser her­
metic sealing system. Designed for 
the instrument and control , bi­
omedical device, and defense elec­
tronics industries, it enables the 
hermetic sealing of products in a 
dry, inert, controlled atmosphere. 
Specifications of the glovebox, C C, 
positioning hardware, and laser are 
listed. 
Circle Reader Action Number 726. 

The Daedal Division of Parker Han­
nifin Corp., Harrison City, PA, has 
released a reference guide covering 
the company's complete line of 
positioning systems and compo­
nents, including cross roller and 
ball bearing slides; center and side 
drive cross roller tables; micrometer 
stages; half-step, microstepping, and 
servo motor drives; computer-inter­
faced motion controllers; and opti­
cal positioners and hardware. The 
200-page catalog features design 
specifications, product descriptions, 
and updated pricing. 
Circle Reader Action Number 722. 

Hardman Inc., Belleville, N), has 
published a six-page adhesive se­
lector guide which describes typi­
cal uses and includes an adhesive 
applications selector chart for the 
Double Bubble ® line of Single-use 
adhesives. A range of epoxy, ure­
thane, acrylic, and silicone formu­
lations are discussed for mainte­
nance, repair, and production ap­
plications. The selector chart lists 
such performance characteristics as 
work and handling time, service 
temperature range, and performance 
on various substrates. 
Circle Reader Action Number 720. 

The Norwegian Electronics Type 
110 Sound Analyzer, a portable 
sound and vibration analyzer, is il­
lustrated in a 20-page brochure 
publ ished by Scantek Inc., Rockville, 
MD. The instrument combines the 
features of a sound level meter, 
environmental noise analyzer, fre­
quency analyzer, graphic level 
recorder, and reverberation time 
analyzer. It measures 2-1 /4 inches 
by 6-1 /2 inches and weighs less 
than five pounds. 

NASA Tech Briefs, November 1990 



New literature 

MORITtX 

A full-color brochure from Moritex 
USA, San Diego, CA, describes the 
SCOPEMAN handheld video mi­
croscope imaging system, which 
enables users to image almost any 
subject from 1 to 1800 power. 
SCOPEMAN's camera, lens, and 
lighting are integrated in a flexible 
probe that can be taken to the sub­
ject, eliminating the need for de­
structive and time-consuming 
sample preparation. The brochure 
lists available accessories and in­
cludes application photos. 
Circle Reader Action Number 704. 

Keithley Instruments, Cleveland, 
O H, has published a 12-page bro­
chure that reviews factors to con­
sider when buying or designing Hall 
Effect measurement systems, such 
as temperature effects, resistance 
range, and the advantages of DC 
versus AC systems. The free bro­
chure highlights integrated solutions 
to making accurate Hall Effect and 
related measurements of bulk semi­
conductor materials such as silicon 
samples, III-V compounds, II-VI 
compounds, and the latest high­
temperature superconducting ma­
terials. Schematic drawings are 
included for each solution. 
Circle Reader Action Number 702. 
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plied Microsystems Corp., 
mond, WA, introduces the EL32oo, 
a 33-60 MHz mkroprocessor emu­
lato r for Sun workstations or per­
sonal computers. It describes the 
system's ability to handle fast speeds 
and new chip architectures such as 
the 68030. Other features include a 
modular design, menu-driven emu­
lator control software, real-time pro­
grams to help with debugging, and 
up to 2 MB of stackable memory 
overlay modules. 
Circle Reader Action Number 712. 

Basic Vacuum Practice, a new 
manual from Varian's Vacuum Prod­
ucts Division, Santa Clara, CA, 
covers vacuum concepts, com­
monly-used vacuum pumps, gen­
eral pump maintenance, and com­
ponents such as gauges, materials, 
seals, valves, and feedthroughs. 
Other features include pump-down 
and back-to-airdirections for bring­
ing common vacuum systems on 
line; tips on cryopump regenera­
tion; and a discussion of oil-free 
mechanical pumping. 
Circle Reader Action Number 706. 

Diversified Optical Products Inc. , 
Salem, NH, has released a catalog 
featuring standard lenses, windows, 
domes, and beam expanders for use 
in the ultraviolet, visible, and infra­
red region from 1-15 microns. The 
catalog also provides information 
on standard infrared antireflection 
coatings. 
Circle Reader Action Number 708. 

I Resin system and typical applica­
tions are highlighted in a 24-page 
brochure from Fiberite Composite 
Materials, Tempe, AZ. It includes 
information on thermosetting res­
ins, toughened epoxy resins, 
Toolrite(r) composite tooling, 
Karbon(r) carbon/carbon materials, 
interior resins systems, APC-2 th­
ermoplastic composites, ablatives, 
weaving, and engineered textile 
structures. A resin selector chart 
enables readers to quickly locate 
specific products and applications. 
Circle Reader Action Number 710. 
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He's one of the most fOnnidable natural combat ~ in exist­
ence, and we can tell you exactly how many force-pounds he'll exert 
at the point of impaa. 

tITS can also simulate shock with some of the world's maot 5(}­

phisticaled dynamic IfSt equipment: 45,000 force-lb. to 200 g's; 
25 ,000 g's pyra>hock; hydra>hock to 30 g's, 30 ms. Other capabilities 
include acoustic l~ to UO dB, acceleration of 800 g's/ 25O lb., 
thermal vacuum to 10"' tofT, static loads exceeding 100,000 lbs. , 
EMl/RF1 of 200 Vi m to 40 GHz, fast cookoff, environmental cham­
bers for any environment conceivable, and a full range of engineer­
ing services that include FMfA, fine grid and stick model FFA, and 
mathematical behavior anal~is. 

For lfSting that really packs a punch, call or write tITS today. 
~. 1536 E. \alencia Drive, Fullerton, ('), 92631 
~ West (714) 879-6110 • East (508) 263-2933 
NetIonII 
lltc:f1nIc8I Engineers and lecmlfcians. EmpIoymenJ 
~ oppor1Unllies are available. 
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Which 'wo inve, d 
similar plans for ~h or;. eveloped 
ba"'ed for years e '!S' res and 

over "s pa'en,? 
A. Bartles & James 
B. Bob 
C W' oyce and Jack Kilb 

. !lber and Orvi lle W . hY 
fig t 

To stay ahead of fast changing 
Ie product specs and vendor 
information smart electronic 
professionals will turn to the 

ALL NEW ... 1991 
Ie MASTER 
3 Volumes - 3,400 pages 
Functional guide to 80,000 
standard les, including 12,000 
NEW les. 1,000 manufacturers 
data pages. 

Pre-paid orders received 
(Add sales tax in NY,MA,IL,CA) 

Before Jan. 31 '91- $135 
After Jan. 31 '91- $160 

Send check Hearst Business Communlcatlom 
'th 645 Stewart Ave , Garden City, NY 11530 

WI AH Marie BoHa 
P.O. to: (516) 227· 1300 · FAX (516) 227·1901 
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A 
ADAPTIVE CONTROL 
Rxward stochastic 
nonlinear adapCMl 
control method 
page 95 Nf'(} 1786t 

PrroclPles and 
appIicatoons 01 rual 
adapCMl control 
page 96 AAC-123tO 

ADHESION 
M>esIon_ 
particles and surfaces 
III a VIICULWTl 
page 60 Nf'(} In 43 

AERODYNAMICS 
Dye tracing 01 flow on 
fo<ebody 01 airplane 
page 78 AAC-12237 

AIR TRAFFIC 
Details 01 collision­
avoodance study 
page 48 AAC-12396 

Evaluation 01 an 
alrcraft-colllSlOll­
allOidance system 
page 47 AAC-12367 

AIRCRAFT 
INSTRUMENTS 
System predicts cr~ical 
runway perlormance 
parametOfs 
page 40 lAR·l3809 

AWMINUM COAT1NG 
F\lIytetrafluoroethyJene­
impregnated anc>Cizalion 
fo<aJumorum 
page 63 MF5-27229 

AMPUFIERS 
External Pe~ief cooIef 
fo< Iow-noise arT4lIifoer 
page 26 MSC21422 

ANODIC COAT1NG 
F\lIytetrafluoroethyJene­
impregnated anc>Cization 
fo< aluminum 
page 63 MF5-27229 

ANTENNA FEEDS 
RatrHlIowing pIent.m fo< 
antema feed hom 
page 36 Nf'(} 17 493 

ARCHITECTURE 
(COMPUTERS) 
Generallllg ~ar1<DI 
models automatically 
page 71 lAR·14193 

ARTlF1CIAL 
fNTELUGENCE 
Usvlg e><pert systems fo< 
computational tasks 
page 96 AAC-12137 

AUTOMAT1C CONTROL 
Forward stochastic 
nonIilear adaptNe 
contJoI method 
page 95 Nf'(}17861 

Pr~and 
appIicatoons 01 rual 
adaptNe control 
page 96 AAC-1231O 

AVIONICS 
Using e><pert sys1emS 
fo< computatJonal tasks 
page 96 AAC-12137 

Subject 
Indel 

B 
BALL BEARINGS 
identifying bearong balls 
WIth radioisoIopes 
page 91 MF5-29724 

BIREFRINGENCE 
MonoIithtc unodirectoonai 
planar mg lase< 
page 58 lAR·l4045 

BOUNDARY 
LAYER Fu::Ni 
Microphone detects 
waws In Iamtnar 
boundary-layel flow 
page 56 Nf'(}17479 

BOUNDARY 
LAYER SEPARAT10N 
Measurements of 
shock-separated turbulent 
boundary layers 
page 78 AAC-12296 

c 
CATHODES 
NbSe3 cathodes fo< U 
rechargeable cells 
page 61 Nf'(}17491 

CHARTS 
!H:hart - scheduling· 
chart program 
page 74 MF5-29531 

CIRCUITS 
VoIta~,ng dr_ 
fo< switching regulator 
page 26 MF5-28437 

CMOS 
Failures 01 CMOS de­
vices at low radiation­
dose rates 
page 30 Nf'(} 17868 

COAL 
Hydromechanrcal ad­
vanced coal excavator 
page eo Nf'(}I6442 

COAT1NG 
F\lIytetraliuoroethyJene­
mpregnated anc>Cizatron 
fo< aluminum 
page 63 MF5-27229 

CODES 
XTRN - automatIC 
code generator fo< C 
header liles 
page 72 MSC21296 

COLUSION 
AVOIDANCE 
Details 01 collision­
avoodance study 
page 48 AAC-12396 

Evaluation 01 
an aircraft-collJslon. 
avoidance system 
page 47 AAC-12367 

COMBUSTION 
CHEMISTRY 
lWo radiatiwllhefmo. 
chemic:aJ rnstru:nents 
page 54 MSC21~4O 

COMPUTER 
PROGRAMS 
XTRN - automatIC 
code generator fo< C 
header f,les 
page 72 MSC21296 

CONTAMINANTS 
Mlesion between 
partICles and su1aces 
'" a V8CI.UTI 
page 60 Nf'(} 17743 

CONTROLLERS 
PrroclPles and 
appIicatoons 01 !1Ja1 
adapt,.,., control 
page 96 AAC-1231O 

COUPLERS 
Fber-optic coupJer 
and dynamic:-range 
enhancer fo< CARS 
page 52 lAR·14235 

COUPUNGS 
Self·a11gning coupJer 
page 90 MSC21459 

D 
DATA MANAGEMENT 
Cooperating e><pert sys. 
terns fo< automated moo­
norong and diagnostics 
page 94 Nf'(} 17804 

DIRECTIONAL 
SOU DI FlCATlON 
(CRYSTALS) 
Three-zone program­
mable temperature 
controller 
page 44 MF5-28435 

DISPLAY DEVICES 
WindcHi utility 
system program 
page 73 lAR·l3993 

DlSTRIBtmNG 
ScheduJe.organizer 
~erprogram 
page 69 MSC21525 

Schedule-report-generator 
~erprogram 
page 68 MSC21527 

Schedule-tracker 
~erprogram 
page 70 MSC21526 

DOCUMENTAT10N 
Documenting software 
automatically 
page 70 MSC21297 

DOMES 
(STRUCTURAL FORMS) 
R:lIyhedraJ observation 
cupola 
page 93 MSC21689 

DRAG 
Predictions 01 drag in 
viscous transonic flow 
page 76 AAC-12252 

E 
ELASTIC WAVES 
Microphone detects 
waves in Jaminar 
boundary-layer flow 
page 56 Nf'(}17479 

ELECTRIC BATTERIES 
NbSe:3 cathodes fo< U 
rechar~ cetts 
page 61 Nf'(}17491 

ELECTRIC COILS 
Mjustabte inWction­
heallllg coJJ 
page 50 LEW'14963 

Segmented coil fails 
in steps 
page 36 MSC21574 

ELECTRIC FURNACES 
Three-zone program­
mabIe~e 
controller 
page 44 MF5-28435 

ELECTRIC WIRE 
Splicing wires per. 
manentIy WIth explosives 
page 81 lAR·l3825 

ELECTRO-OPTICS 
Fast feature-recogrllZlOQ 
optoetectronic system 
page 42 Nf'(}17690 
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ESTIMAllNG 
"i1gOnCn'l!!!riC poIynanials 
b estmatlon 01 spectJa 
page 94 Nf'O.17885 

EXCAVATION 
H)OooleChanIcal ad­
vanced coal eoccavala 
page 90 N~I6442 

EXPERT SYSTEMS 
Cooperatrlg eocpert sys­
tems b auIomated m0n­
itoring and ciagnostlcs 
page 94 N~17804 

UsIng ecpert sys1ems b CXIIT1lU1aIlona _ 
page 96 ARJl2137 

EXPlDSIVE WELDING 
SplicIng wires per. 
manentty with expIosIyes 
page 81 LAR-13825 

F 
1'-18 AIRCRAFT 
Dye tradng d flow on 
fo<ebody 01 airplane 
page 78 ARJI2237 

FAILURE 
Segnented coli fais 
In s1eps 
page 36 MSC21574 

FMfENERS 
SeH-aligrWlg ~ 
page 90 MSC21459 

FAULT lOLEIWICE 
Generating semJ.MaIIoi 
models automatically 
page 71 lAR·14193 

FEATURE 
IDENTlFlCIJION AND 
I.OCATlON EXPER 
Fast JeaIure.IecognI 
optoelectronic system 
page 42 NP017690 

ABER COMPOSITES 
MIcrostruClure 01 a 
SiCl(TWICr/SnlAJ) 
composite 
page 61 lfW·14868 

ABER 0f'T1CS 
FIler<ll*~ 
and cJynamio..ange 
enhancer b CAAS 
page 52 LAR-14235 

ALE MAINTENANCE 
(COMPIITEJIS) 
XTRN - auIanatJC 
cocIe generalOr b C 
header fiJes 
page 72 MSC21298 

FlIGHT S1MUumoN 
DetaIs 01 c:oIJlsIon. 
8\'Oidance stucly 
page 48 ARJ 12396 

EvaJuatJonolan 
aircraJI-coIJision. 
avoicIance sys18m 
page 47 ARJ12367 

RJ:NI VlSUALIVJION 
Dye u~ 01 IbN on 
fo<ebody 01 airplane 
page 78 ~t2237 

G 
GAS TUNGSTEN 
ARC WELDING 
0lara<:Ierizati 01 
roIloC work cell 
page 92 MFs.29731 

GLASS lASERS 
MonolIthic unkirectlonal 
flOr4lIana1 mg laser 
page 58 lAR·14146 

H 
HEAT TRANSFER 
Systema irrlXoY9d 
nume<icaJ I1uIds 
anaJysIs cocIe 
page 84 GS(;.13231 
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HONEYCOMB 
STRUCTURES 
MaImg JigIltweq1I struc· 
IIns IlV vapor depo6itIon 
page 81 LAR-W059 

HUlLS tsTRUCTURES) 
Pr-.tlng 'JIlntilallon 
on saiIxlard sI<egs 
page 15 LAR-14008 

HYDROPLAHES 
(SURFACES) 
I'rIM!oOtg --.tiIaI1on 
on saiIxlard sIo!gs 
page 75 ~14008 

I 
IDENTIFYING 
Idemfying beamg bills 
with~ 
page 91 Mf'S.29724 

INDUCTlON HEAllNG 
/ldjustable IrGJCtlon. 
healing coil 
page 50 lfW·14963 

INTEGRATED 
ClRcurtS 
FaIkJres ol CMOS de­
vices 8t low radatJon. 
006e rales 
page 30 NPO 17868 

INTERFEROMETRY 
~optJcaJ. 
patIHII1eIence mapping 
page 55 NPO 11125 

J 
JOINlS (JUNCIlONS) 
~ 
s1ructural joints b 
c:Issrnitar materials 
page 75 lAR·14138 

SeH-alignilg ~ 
page 90 MSC21459 

L 
LANDING 
INSOIUMEHTS 
System predicts criticaJ 
runway perIcrmance 
parameIers 
page 40 lAR·t3809 

LASERS 
MonoIIWc lriirectIonaI 
flOr4lIana1 mg laser 
page 58 lAR·14146 

MonoIIIItIc unidiredionaJ 
planar mg laser 
page 58 lAR·I4045 

LEAKAGE 
Sealing nitrogen 
tetrodde leaks 
page 89 MSC21600 

LIGHT MODUlMlON 
~ 
SIl81ia1 light motiJIala'S 
on 51 l1b;trates 
page 32 NP017661 

UN EAR 
POI.ARJZRION 
KD?PO. polarization 
~withlarge 
field 01_ 
page 54 MFs.28418 

UlltIUM SULFUR 
BATTERIES 
NbSe:3 cathodes tlr U 
rachai'geabIe eels 
page 61 1'11'017491 

M 
MANIPULATORS 
~"!lmart" 
roIloC hand 
page 38 Nf'O.17911 

MARKOV PROCESSES 
Genetatrog semJ.MaIIoi 
models lII.ItlmaticalI 
page 71 LAR-14193 

MlJRJX MATERIALS 
Micttl6trucIlI"e 01 a 
sqTtNlCr/SnlAl) 
composfte 
page 61 lEW·l04868 

MEASURING 
INSTRUMENTS 
Moo radaIrIIe/ttlem 
chemocaJ~ 
page 54 MSC21639140 

METAL JOINlS 
Nonoortact ~ 
vtxation ol weld ~ 
page 91 MFs.29715 

MICROPHONES 
MIctophone CIetecIs _ in laminar 

banlary-Iayef flow 
page 56 NP017419 

MICROWAVE 
AMPUAERS 
Extemal PeltIer cooler 
b Jow.ooise ~ 
page 26 MSC21422 

MINING 
Hy<WnechanIcaI ad­vanced coal _ 

page 90 NPOI6442 

MODULAlORS 
i<D?P04 polarization 
moClulalo< with large 
field 01_ 
page 54 MFs.28418 

MONllORS 
Cooperating ecpert sys­
terns b automated m0n­
itoring and ~ 
page 94 NPO 17904 

N 
NEODV1tIUM LASER 
Monolithic unidfectionaJ 
flOr4lIana1 ring laser 
page 58 LAR-14146 

NITROGEN n;rROXlDE 
Sealing nllrogeri leuadde 
leaks 
page 89 MSC21600 

o 
OPTICAL PATHS 
~opIlcaJ. 
pallHlfference mapping 
page 55 NPOI7725 

OPTOELECTRONIC 
DEVICES 
Fast fealUr8-fecognlzlng 
opIoeIectronic sys1em 
page 42 NPOI1690 

ORGANIZING 
Sche<aJIe«ganier 
corTlJUIet program 
page 89 MSC21525 

ScheQJIe<eport.gener81or 
COIJ1lU!ef program 
page 68 MSC21527 

SchedJIe.tracIIef 
~progI8Il1 
page 70 MSC21526 

p 

PARTlCUuaES 
AdIes10n between 
particles and utaces 
in a WCUIm 
page 60 NPOI7743 

PElJ1ER EFFECTS 
ExIemaI PeltIer cooler 
lor Jow.noISe ~Ifie( 
page 26 MSC21422 

PLUGGING 
Se*og nitrogen 
Jetraode Jealcs 
page 89 MSC21600 

3M Announces 
Double-Coated 
Foil Shielding 
Tape 
Copper foil base with 
electrically -conductive 
adhesive on both sides for 
reliable point -to-point 
conductivity. 
Austin, Tex. - This new UL Recognized 
tape has a multitude of uses in electronic 
design, test, and QC laboratories where 
good adhesion and reliable conductivity are 
required. Applications include shielding 
PC boards, microwave antennas, and dis­
play boards; grounding, bonding and static 
charge draining, 

Scotch'" Brand 
Electrical Tape 
#1182 features 
excellent shield­
ing over a fre­
quency range 
from 1 MHz to 1 
GHz, measured 
in the Near Field 
using a modified 
Mil Std 285 test 
procedure, 

In IC appl ica­
tions, #1182 tape 
also provides an 
excellent heat­
conductive path 

Copper Foil 
(adhesive 
both sides) 

Scotch Brand Foil 
Shielding Tape #1182 
is supplied on a I iner that 
permitS easy handling 
and dispensing in either 
random or definite 
lengths. 

to protect sensitive areas from excessive 
thermal expo ure. The tapt. is rated at Class 
155 0 Ccontinuou operating temperature. 

It is supplied on a liner that permits easy 
handling and die-cutting without eriou ly 
wrinkling the foil backing. A line of stand­
ard dispen ers is available to increase 
productivity. The di pen er are available 
with liner take-up attachments and can de­
liver either random or definite length . 
Custom application equipment can be 
designed for automatic or semi automatic 
production, 

For more information about all 3M foil 
tape , contact a 3M Electrical Specialties 
Divi ion representative or authorized dis­
tributor or call J-800-233-3636. 

3M Electrical Specialties Division 3M 
PO Box 2963 
Austin , TX 78769·2963 
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FOR IBM PCf)(T/AT/386/486, PS/2, LAPTOPS 
o Add VOICe recognllJOn to most eXlsl1ng MSDOS 

programs. TSR program lets you define and 
actIVate keyboard macros by VOICe command 
Great for CAD and DTP. 

o Record/playback speech and sounas for voice mad, 
presemabons, educabon, or entertrunment "Desk­
top audio" sound edlbng and compresSIon ullilbes 
lIlCIuded. 

A COMPLETE PRODUCT. Hardware attaches to 
parallel prll1ter port. No slots required. Sturdy 
Vlny1-clad steel enclosure. Includes headset/micro­
phone. printer cable, sohware and user manual. 

MADE IN USA. ONLY $219.95 
CALL OR WRITE FOR FREE PRODUCT CATALOG 

@ rovox iNC. TEL (503) 342- 1271 
675 Conger SI. FAX (503) 342-1283 

OR 97402 BBS 342-4135 

SERIES .... ..... 

IDque New 
Rectifters 
From The 
Specialist 

EDI adds three 
new Innovative 
package deSigns 
to their bridge 
rectifier line. The 

In-line format of the 10 Amp. and 40 Amp. 
designs permits engineers to save board space 
and utilize chassis mounting. 
The 100 Amp, 3-phase bridges utilize a single 
unit design that displaces the six stud rectifiers 
normally required. Information on these and 
other bridges, as well as high voltage diodes to 
30 KV, and HV assemblies to 250 KV is avail­
able. Please call or write for catalog. 

114 

ELECTRONIC DEVICES, INC., 
21 Gray Oaks Ave., Yonkers, NY 10710 

914-965-4400, 800-678-0828 

Circle Reader Action No. 607 

l:M\J I: To Advertise-Call 

FREE! 
130 

Page 
Catalog 

"Optics 
for 

________ .-. .. Industry" 

Fr~ 130 page product catalog from Rolyn, 
world's largest supplier of "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 Reader Action No. 551 

SC/FOXIm Embedded-System Computers 
SC/FOX VME SBC IS'ngle IIo.lnl Compuler' '8 MIPS 60 MIPS bum. 
general-purpooo. slot-I Ma_/Sla"" Syst .... COOlroiler. Up 10&40 K byI .. 
O-ws men'IOfy. 1 SCSI , I plr, 2 serial ports. Uses 1&--btt Harris RTX 2000. 

SC/FOX PCS IParal1ei Coprocessor Syst .... 11 S MIPS. 50 MIPS bur«. ReJl­
era! purpose PC/AT/38h plug-In board, 32K 101M byte O-ws stallC mem­
ory, muiliple PCS operallon, SCSI optlOf\. Uses Holrris RT X 2000 

SC/FOX SBC IS,ngIe IIo.lnl Compuler' 18 MIPS. 60 MIPS burS!. Sland· 
atone operalfon. Euroc.lrd size. 1 ptr. 1 senal jX)f1 . up 10 SI2K bytes 0-
wsmemory. 2 SO-pin user connectors. SCSI opClOn_ Uses Harris RTX 2000. 

SC/FOX PCS}l IParal1ei CClpfocessor Syst .... 321 IS MIPS 10 70 MIPS. 
general·purpose PC/AT/J86 32-1>11 plug·in board with 64K 101M byte 0-
W! stalk: memory. Uses 32.0.1 SCl2 Forth microprocessor. 

Ideal (Of embedded real·tlrne controt, data acqUISition. Of high..speed 
processing. FOfth software included, C optional. OEM pricing 

SILICON COMPOSERS INC (115) 322-8763 
208 California Ave., Palo Allo, CA 94306 

Circle Reader Action No. 679 

baud rate, dynamic resolution 
• direct replacement units for SUN, 

DEC, MASS-CO.,.. CAL-CO.,., 

f
a. ATa, XTa (.8. or compatiblesl 

Evergreen 
. SYSTflI\S I"TERtIA T1OtIAI. 

31336 Via Colina. 
W.,stJak., Village. co. 91362 

1818)991 -7835' Fax: 1818)991-4036 

Circle Reader Action No. 573 

EASY ACCESS TO 
POWERFUL DYNAMIC ANALYSIS 

e Expandable from 2 to 8 channels for faster 
data collection and analysis 

e Intuitive self-revealing "windows" interface 
for extremely easy operation 

e Weighs under 25 pounds-100 kHz capability 
The SD390 Dynamic Signal Analyzer from 
Spectral Dynamics combines the friendliness of 
a " windows" environment with dedicated real­
time hardware processing. Call 1-800-426-8887 
today. 

,Spectral Dl.lnamic.s 
A SclenllfIc,Atlanla DIvIsion 

13112 Evening Creek Dr. S . • 
San Diego, CA 92128-4199 • (619) 679-6465 

Circle Reader Action No. 337 

Free Standing Wire Grid Polarizers 
For Spectroscopy at Millimeter and 

Sub-millimeter wavelength 

AIIIIIcItIIa 
· fAIHI Wlvlilllltll P"''IlItIDn 
• IIIlII". _tar ae. IIIvIdIr 
• VII"IIIIII ReIIectlIr 
• ...... IIIVIc:e .......... WlVlllllltlllIIIrI 
• IIIItIMI ........ VICIIIII ... CryCllllllc CanIItIonI 
CIIIbIII .... IVIIIIIIIe 

Inl_~ther qual!1y prodUCllrom Is P E CAC I 
~PECAC ANALYTICAL INC. 

301 Commerce Drlv" Tel (203) 366·5112 
Fairfield, CT 06430 F8X (203) 384-1524 

A Cambridge Electronics Industnes (CEI) Company 

Circle Reader Action No. 388 

V Compact & Simple Design 
v Scanning and Feeding 
v Testing and Manufacturing 
v 747 Different Models 
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In college, you would have killed 
for MathCAD. So why aren't you 

calculating with it now? 

100,000 engineers and scien­
tists already let MathCAD do 
their calculations for them. 

Now that college is far behind 
you, perhaps it's time you graduated 
from sprea?sheets, calculators and 
programrrung. 

Because in today's working world 
of engineering and science, there's 
no time for anything less than 
MathCAD. The software that lets 
you perform engineering and 
scientific calculations in a way 
that's faster, more natural, and less 
error-prone than any calculator, 
spreadsheet, or program you could 

MathGAD 2.S mdudes 3-D plotting. HPGL rJtetch 
import, and PostScript output. 

write yourself. 
Thanks to MathCAD's live 

docwnent interface~ you can enter 
equations anywhere on 

i r i 1 the screen, add text 
• I L...I 

• • to support your work, 
and graph the results. 

It also comes complete 
with over 120 commonly 

March 14, used functions built right 
1989 i .. ue. . P rfc r . 
Bes,of'88 Ln. e ect Lor creating 
Bes,of'87 complex equations and 
formulas, as well as exponentials, 
differentials, cubic splines, FFIS and 
matrices. 

You get three-dimensional 
plotting, vivid graphing, and the 
ability to import HPGL files from 
most popular CAD programs, 
including AutoCAD~ 

Done calculating? MathCAD 
prints all your analyses in 
presentation-qualiz docwnents 
even on PostScript compatible 
printers. 

All of which has made MathCAD 
far and away the best-selling math 
software in the world. In fact, it's 
used by over 100,000 engineers and 
scientists - just like you. 

There's MathCAD for the P . 
MathCAD for the Mac, written to 

take full advantage of the 
Macintosh* interface. And a Unix* 
version that utilizes the speed and 
unlimited memory of your Unix 
workstation. 

We also have Applications Packs 
for Advanced Math, Statistics, 
Mechanical, Chemical, and 
Electrical Engineering. Each is a 
collection of adaptable mathematical 
models, designed to let you start 
solving your real world problems 
right away. _ 

For a free 
-~- MathCAD demo 

disk, or upgrade 
information, dial 
1-800-MATHCAD 

(inMA, 617-577-
1017). Or see 

software 
dealer. 

Available for mM- compatibles, Macintosh 
computers, and Unix workstations. 
TM and ~ sigrufy manufacturtt's trademark 0< regis=«! 
rndemark, r<>pectivdy. 

1-800-MATHCAD 

Math CAO" 
MatbSoft, Inc., 20l Broadway, Cambridge, MA 02139 

U.K..: Adq>t Scienti6c 0462-480055; France: J5ECEGOS 1-46092768; Germany: Soft1ine 07802-4036; Japan: CRe 03-665·9762; Finland: Zena Oy 90-692·7677; Italy: Cbannel 024229«L PS£ 
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