


Hig h-technology- machines for hostile environments. 
01'1 the ground, it! the air, 
in space, beneath the sea­
wherever hostile or hazard­
ous conditions exist, new 
generations of independently 
functioning , "intelligent" 
machines are being created 
to assist mans performance 
in these adverse situations. 
Many of these machines, 
including autonomous and 
remotely controlled land 
vehicles, aircraft, spacecraft 
and submersibles, will rely 
heavily on advanced 
technologies in artificial 
intelligence and robotics 
being developed at 
Martin Marietta. 
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Robotic Space 
Assembly 
and Maintenance 
Flight telerobotic servicers 
will enable crews aboard t1 
Space Shuttle and Space 
Station to assemble large 

r scale structures and main­
tain satellites in the hostile 
environments of space. 

Robots Prepared 
for Action 
Advanced remotely 
controlled robots, many 
utilizing artificial intelli­
gence, have wide-ranging 
military applications. 
Vehicles for reconnaissance, 
target deSignation, weapons 
platforms, resupply and 
medical evacuation will 
improve troop survivability 
and provide force multipliers 
for battlefields of the future. 
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A "M UST" for 
Testing Underwater 
Technology 
The Mobile Undersea Sys­
tems Test Laboratory­
MUST - is an unmanned 
submersible to test autono­
mous underwater vehicle 
technologies and systems 
under sea environment con­
ditions. Funded by Martin 
Marietta, MUST will dem­
onstrate and prove sensor 
technology and signal pro­
cessing to aid undersea 
navigation, seabed surveys 
and reconnaissance. 
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Recovery chutes 

Reconnaissance 
Without Risk 
Medium-range, remotely 
piloted aircraft launched 
from the ground or other 
aircraft will jly reconnais­
sance missions and identify 
targets with pinpoint 
accuracy 

UDAR sensor 

MUST autonomous testing 
Imaging sonar 
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6801 Rockledge Drive, Bethesda, Maryland 20817, USA 



Before he pushes the e~e, 
IBM tal{es you beyond it. 

From miles away and thousands of feet below, you know exactly what he's feeling. 
Using an mM 3090 with supercomputer power, you've pushed your design through 

relentless iterations of finite element modeling and fluid dynamics analysis. You've 
defined the edge. 

The IBM 3090 with Vector Facility, for its part, has redefined supercomputer 
performance, combining up to six vector processors with one of the industry's fastest 
scalar processors and most efficient memory management systems, parallel processing 
capabilities, and full mM System 1370 compatibility. 

The result is balanced supercomputer performance that can improve your job 
turnaround by eliminating data bottlenecks, and save the added expense of a separate 



front-end processor. Plus, the IBM Vector Facility's modular design lets you start with just 
the computer power you need today, and make economical in-field upgrades as your 
needs grow. And that gives the IBM 3090VF a big edge over more expensive and less 
flexible vector processors. 

IBM's integrated system approach combines the power of the IBM 3090VF with the 
advantages of a single operating environment, low entry cost, low software and 
maintenance costs, a wide variety of application programs, and IBM support to create a 
winner in total cost-of-computing. 

To find out more, or to arrange to have your IBM Marketing Repre entative contact 
you, simply call1-800-IBM-2468, ext 20. 

----

IBM 1987 
~~me The Bigger Picture 



"IOU krto~ lean remember 
not kmg ago looking out here 
and instead of seeing the ocean, 
I'd be seeing my data.' 

When you're really into your data, some­
times that's all you can see. So what you need is 
our RS Series of data analysis software to help 
you get on top of it. RSII ® software will help you 
better understand your data. RSIExplore™ soft­
ware will guide you through your statistical analy­
sis. RSlDiscover™ software will help you design 
experiments that optimize your test runs. RS/QCA 
software will help you better understand your man-

ufacturing processes. For more information, clip 
your business card to this ad and send it to us . 
Or call 1-800-251-1717 (in Massachusetts, call 
1-617-873-5000.) To reach our European head­
quarters in the U.K., call (0784) 64455. 

Data Analysis Software 
BBN Software Products Corporation 

See us at the International Telemeterlng Conference. 

RS Series softwa re runs on DEC, HP, Sun and IBM micro. mini and mainframe systems. RSII is a registered trademark and RS/Explore and RS/Discover are 
trademarks of BBN Software Products Corporation, 10 Fawcett Street, Cambridge, MA 02238 . A Subsidiary of Bolt Beranek and Newman Inc. I.!lElil 
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WE HAVE A LOT OF WAYS 
TO MAKE SURE THIS IS YOUR 

ONLY CLOSE LOOK AT CORROSION 
It almost looks attractive when photo­
graphed through a microscope. But 
when corrosion strikes your equipment, 
it's not a pretty picture at all. That's 
why we've developed so many high­
performance alloys to fight so many 
kinds of corrosion - and why we make 
them in so many forms. 

We're ready to help you specify 
the most cost-effective alloy for your 
particular application, from the most 
extensive selection of high-nickel alloys 
in the world, in the widest range of 
forms and sizes. Sheet, strip, plate, rod, 
bar, wire, pipe, tube and welding 
products. All providing outstanding 
service in high-temperature and cor­
rosive environments. All with the proven 
ability to stop corrosion from costing 
you money in repair, replacement and 
downtime. 

We've remained the world leader in 
nickel-alloy technology by constantly 
developing and improving alloys for new 
and even more demanding applications. 

If you want to know more about 
our family of high-performance alloys 
and how they can help solve your 
corrosion problems, write or call for our 
free brochure. In the U.S., Inco Alloys 
International, Inc., Huntington, West 
Virginia 25720. Telephone (304) 
526-5388. Telex 886413. Telefax 
(304) 526-5441. In Europe, Inco Alloys 
International Ltd., Wiggin Works, 
Hereford, England HR4 9SL. Telephone 
(0432) 272777. Telex 35101. Telefax 
(0432) 264030. 
MO EL, I CONEL, INCOLOY, 800HT and 
INCO are trademarks of the Inco family of 
companies. 

• INCO ALLOYS 
.. INTERNATIONAL 

[nco Alloys International distributors in the USA: Castle Metals, Metal Goods, Tubesales, and Williams & Co. In Canada: Atlas Alloys and Drummond McCalllnc. 
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Sensor-embedded "smart" structures could play an 
Important role In future space research projects such as the 
Shuttle Tethered Aerothermodynamlc Research Facility 
(pIctured above), whIch will study the InteractIon of the 
atmosphere with satellites at hypersonIc speeds. Rber optIc 
sensors embedded In the tether would offer a cost-effectIve 
way to monitor the line's health and performance. 
See page 20. (Photo courtesy NASA) 

DEPARTMENTS 
On The Cover: A mIcroscopIc 
vIew of ceramIc fibers used 
as reInforcement In com­
posIte materials. This 
month's feature story 
descrIbes the evolutIon of 
a new specIes of composite 
that wIll make structures 
Inherently "smart." Turn to 
page 20. (Photo courtesy the 
Carborundum Company, 
Niagara Falls, NY) 
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A high school honor student 
and a plastics Industry 
engIneer will attend the U.S, 
Space Camp as winners In 
NASA Tech Briefs' 1988 Letter 
Writing Contest. A special 
contest section begins on 
page 9. (Photo courtesy U.S. 
Space Camp) 

This document was prepared under the sponsorship of the National Aeronautics and Space Administrat ion. Neither Associated Business 
Publications Co., Ltd. nor anyone acting on behalf of Associated Business Publ ications Co., Ltd. nor the United States Government nor 
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A full-featured Optical Pow-er Meter 
for half the p-rice! * 

714/965-5406 
Newport Corporation 
18235 Mt. Baldy Circle 
Fountain Valley, CA 92708 

Consider these features: 
• 0.1 picowatt/-100 dBm sensitivity 

with 0.1 dB resolution 

• Built-in wavelength compensation 
at 10 nm intervals over the entire 
spectrum with high accuracy, NBS­
traceable calibration 

• Choice of standard or new UV­
enhanced silicon detectors or IR 
germanium detector 

• Auxiliary bar-graph analog backlit 
display and linear, log (dBm, dB) 
and ratio readout modes with back­
ground nulling function 

• External 0-2 volt analog output 

Options include rechargeable battery 
operation, fiberoptic adaptors, and 
IEEE-488 interface. 

Europe: Newport GmbH, Ph. 06151-26116 
U.K.: Newport Ltd., Ph. 05827-69995 

*Until now, these features were only 
available in meters that cost over 
twice as much as our popular Model 
835 Digital Pico-Watt Power Meter. 

For detailed 
information 
about this new 
product and other 
power meters, in­
cluding measurement 
capabilities of up to 1 
kilowatt, call or send 
for your free copy of the 
Newport Catalog. 

l\Iewport 
1:>1988 Newport Corporation 
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SONIX T 
.. 

Now, a tough pressure standard built for unmatched accuracy 
and stability even under harsh extremes of temperature, shock, 
and vibration. 

Based on the unique vibrating cylinder, Sonix is ruggedly 
designed for dry gas measurement from 0-19 to 0-500 psia. 

Output is in engineering units so there's no need for hardvme/ 
software based output correction. There's even an internal 
microprocessor for compensation of non-linearity and thermal 
drift. 

And Sonix is small and portable, measuring only 3x3.4x4 
inches. It can be bench or rack mounted and comes with an 
optional remote control and display unit (shown above). 

CAlll-SOO-678-SCAN 
for a brochure or product demonstration . 

PRE§§URE §Y§TEM§ 
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Edllorlal lolebook The ar 
An Overwhelming 
Response 

The quantity and quality of your messages to your elected represen­
tatives have been overwhelming. Five hundred and seventy-three pe0-

ple wrote approximately 1 ()()() letters to politicians from President of 
the United States on down. They have been eloquent, inspiring, and 
touching. They are all winners. Every one. 

From the first week the letters started pouring in, I have wondered 
how I had the temerity to say that we would select the winning entries. 
I plead temporary insanity. After you read the following letters, I think 
you' ll agree that only a madman would have offered to say one is better 
than another. All of the letters are winners, and choosing among them 
was extremely difficult for us. I wish we had enough space to print every 
letter and enough money to give every entrant a stay at the U.S. Space 
Camp and a complete set of the NTB:BASE software library. We have, 
however, printed Scott Wahlstrom's grand prize winning letter and 
Robert Price's second prize winning letter, as well as the letters of the 
five merit winners, who will each receive one NTB:BASE category of 
their choice. All other entrants will receive certificates of honor, and 
you'll find excerpts from many of their letters on the following pages. 

The contest brought us a few pleasant surprises. Since NASA Tech 
Briefs is not exactly easy reading for the general public, we didn't ex­
pect the contest to be picked up by the consumer media, but it was. 
And in my infinite wisdom and prescience I never dreamed that 
children would enter the contest, but they did . 

We received so many excellent letters from children that we 
established a separate category for children's letters, and are awarding 
a second Space Camp scholarship to 13-year-old Christine Keys for an 
extraordinarily well-written and informed letter. 

We are sending copies of this section of the magazine to each con­
gressman on the Hill, as well as to Vice President Bush, Governor 
Dukakis, and the consumer media. 

Persistence Pays Off 
As I began writing this column, I was given an article from the 

Chicago Tribune. It says in part, "The tragicfate ofthe Challenger Space 
Shuttle, rather than dampening enthusiasm for the nation's space pro­
gram, has resu~ed in a massive reaffirmation of support according to 
a landmark survey by researchers at Northern Illinois University ... The 
ongoing three-year survey also found that Americans want a space pro­
gram run by civilians, they want their astronauts to be the first to ex­
plore other worlds, and they are willing to pay for it . . . Fully half of the 
American people changed their attitudes about funding the space pro­
gram. The support was extraordinary. They felt we should spend 
more." 

And so we should. The public feels it, your letters prove it. The 
economic arguments alone are beyond refute. But the best salesper­
son in the world with the best products only makes a sale when he or 
she makes a call. We have to make calls on our public servants to sell 
the benefits of the space exploration process. Your letters do that well. 

We will succeed if we remember that these letters are not an end 
in themselves but part of what must be the on-going process of building 
relationships with our elected representatives. Since most eligible 
Americans don't bother to vote, it' s probably reasonable to assume that 
fewer still have ever written or called their representatives, let alone 
made personal visits to their offices. And they want to see us. 

If each of us makes one personal visit a year to our elected represen­
tatives, and we each write a quarterly letter with suggestions and com­
ments on their positions and voting records (hopefully more positive 
than negative), we will prevail. Our initiative and our persistence to­
day will determine the future for generations. Initiative and per­
sistence . .. but persistence above all. 0 .. • 

Grand Prize Inner 
scan I . • lIIls .... m. ShreWSbury . • 1 

Dear Congressman Early, 

Scott Wahlstrom, 26, is Quality 
Manager for the Holden Plastics Cor­
poration in Worcester, MA. He holds a 
B.S. degree in Mechanical Engineering 
from Worcester Polytechnic Institute. 
Mr. Wahlstrom is married and has a 
one-year-old daughter. 

I am writing to express my support for continued funding of NASA and 
a strong national space program. 

This nation is at a critical juncture in history. We are faced with a stag­
gering budget deficit which will not easily be dispensed with. The political 
winds favor budget cuts wherever possible. We must, however, resist the 
temptation to sacrifice investment in the future in an effort to return to fiscal 
responsibility. The space program is one area where budget cuts today will 
produce crippling fallout for decades. 

World economics has brought about the demise of many of our heavy 
industries. Steel, texti les, all kinds of labor-intensive manufacturing are 
moving offshore to less costly labor markets. Our high technology industry 
is strong, but still the trade balance is against us. If the United States is not 
going to export technology in the future, what will it export? What will our 
economic future be based on? We are a rich nation getting poorer. We 
must reverse this trend! 

Historically, space expenditures have been tiny compared to the 
economic benefits they spawn. Ask yourself: Where would this nation be 
today without the spinoff technology created by the Apollo program? Com­
puter and electronic tech(lology are two major areas matured by the moon 
missions. The descendants of that technology now form the foundation 
of ou r economy. Each year this technology produces many times the 
original expenditure on the entire program in jobs and industry. Had we 
not proceeded with Apollo, what would fill the vacuum left by our flag­
ging heavy industry? 

Support for our manned space program is a matter of historical necessity. 
The past has shown us that a power which fails to invest in the futu re even­
tually stagnates and dies. Reductions in our standard of living and trade 
losses due to overseas competition show that the process is already at work. 
We must invest before the damage becomes so great that recovery is all 
but impossible. There is still time, but not much. 

There are many worthy areas where investment in our nation's future 
will pay handsome dividends. It is solid fact, however, that the space pro­
gram is among the best. Every dollar spent today will be returned many 
times over in the coming years by creating the new technologies and in­
dustries to drive this nation into the next millennium. The payback will be 
in job and economic vitality versus welfare and sagging world position. 
We will create an environment of scientific exploration which will ensure 
that the United States remains the focus of future advances. 

It was Benjamin Franklin who said that an ounce of prevention is worth 
a pound of cure. T oday's investments in space will produce far more than 
this sixteen to one return. The choice is either to anticipate future need 
or to react to problems after they have developed. As a nation we, like all 
other things in nature, must continue to evolve or face eventual extinc­
tion. Now is the time to act. The path is clear. 
Sincerely, 
Scott A. Wahlstrom, Shrewsbury, MA 

Elcarptslrom other Leners: 

" let my children remember not a recession or a war 
or some social unrest from the 1990's, but instead let 
them remember the magnificent national 
accomplishment of an American walking on Mars. " 
-Dirk Nordling, Sykesville, MD 

• 
• 



The Top Leners Supporting 
the U.s. Space Program 
Second Prize Winner 
Robert O. Price. San Clemente. Cl 

Dear Vice President Bush, 

Robert Price is a technical editor and 
project manager for Envirosphere, a 
subsidiary of Ebasco Services Inc., Santa 
Ana, CA. A former NASA employee, Mr. 
Price was a member of the Voyager 
spacecraft design team at NASA's Jet 
Propulsion Laboratory. He graduated 
from Michigan State University with a 
B.S. degree in Zoology. Mr. Price is 37, 
married, and has two sons. 

Are we Americans destined to become the Vikings and Portuguese of 
the 20th century? . . to be remembered only as the bold, ambitious ex· 
plorers and trailblazers of the space frontier who lost out, ultimately, to 
the more carefully conceived, precisely orchestrated expeditions of the 
Europeans, the Russians, and the Japanese? . . our sole contribution to the 
ultimate human conquest and habitation of space, confined, in the final 
analysis, to a brief historical footnote and a few quaint and shiny relics ac· 
cumulating lunar dust? 

As you well know, the United States is embroiled in a new and different 
space race, a race not for political domination or global prestige but one 
which deals with commercial opportunity and economic competitiveness 
in a frontier that the American aerospace industry has pioneered during 
the last quarter ~entury. That race, which is to transform the use of space 
from a scientific curiosity into a fertile and produdive commercial environ· 
ment, already has begun. Unfortunately, we are in danger of stumbling 
at the starting blocks. 

Space represents the most rapidly growing market segment in the 
aerospace industry. Its market share has quadrupled in the last decade for 
a 16% growth rate, compared to 11 .5% for the aerospace industry as a 
whole. This robustness translates into a huge opportunity for returns on 
resources invested in NASA·derived research and technology. Such in· 
vestments and continued White House support are crutial because the 
new space race will be a marathon rather than a sprint. 

In direding the President's Task Force on Regulatory Relief, you have 
shown the vision to promote and encourage the development of alter· 
native fuels for energy independence and environmental protection . Our 
next chief executive must focus that same type of foresight and leadership 
on America's space program to ensure that the citizens of this country need 
not become dependent on foreign resources to reap the educational, 
employment, and economic benefits of this new industrial environment. 
Sincerely, 
Robert O. Price, San Clemente, CA 

" Space is nothing less than the most promising new 
source of wealth that this country can take advantage 
of for its future growth. Even though space travel is 
still in its infancy, it has already produced multi-billion 
dollar industries such as communications and remote 
sensing satellites .. Further advancement of the state of 
the art in space travel can produce even more tangible 
benefits to the United States. We can look forward to 
the prospect of manufacturing products in zero gravity 
that cannot be made on Earth and exploiting the 
natural resources of space, such as solar energy and 
valuable materials that can be mined on the moon. ~ 
-Edward Barocela, St. Louis, MO 

" Space offers new knowledge and unnumbered 
opportunities that America must grasp. We cannot 
afford to lose our hard-earned edge. The resolve and 
willingness to accept calculated risk is a cornerstone of 
America's greatness. ~ 
- William F. Clapp, Stratham, NH 

rll Winner 
Dear Vice President Bush, 

Please speak out in favor of a strong civil space program. This effort 
transcends politics of the moment. It is something that needs to be done 
for and by our society, our nation, our species. As an American, I hope 
that America regains the lead in space. I also want the job done right, not 
nickled and dimed into compromises that affect its safety and ability to do 
the job. When NASA is given a goal and the tools to work with, it can and 
will do wonders. We mustJook beyond the next election to the long-term 
good of our nation. I believe it was Thomas Jefferson who said that civiliza· 
tion is denoted by its desire to make the future better than the present. Our 
forefathers built this country for the future. Don' t we owe our children as 
much? If America lives only in the present, then the future will see us liv­
ing in the past. 

Of course it is important to end hunger and homelessness too, but there 
is no link between the two goals; one is not traded for the other except 
in the rhetoric of politics. I believe the public will accept this fact when 
pointed out in a clear statement. The sad truth is that you could cut NASA's 
budget to zero and not make one jot of difference in today's domestic prob­
lems. But by doing so we would create untold problems for the future of 
this nation vis-a-vis technological competitiveness, education, and 
employment-all of which impad our economy and, therefore, jobs. 
Perhaps our current problems stem in part from the diminished research 
dollars after the Apollo program was wound down. The moment our socie­
ty stops working towards the future it is doomed to recede into the past. 

Please take action immediately to help restore full funding to NASA in 
general and the Space Station in particular. It is the best investment this 
nation can ever make. 
Sincerely, 
Thomas A. Sullivan, Houston, TX 

Merit Winner 
Senator Warner, 

I am writing this letter on a personal computer. I am looking at the screen 
through gas permeable contad lenses. I am employed in the telecom­
munications industry. My wife balances the checkbook with the help of 
a light-powered calculator (she has to do the balancing as even with the 
calculator my figures never add up). The toothpaste I use every day is 
packaged in a pressurized container which economically dispenses the 
product. The tires on my automobile and bicycles are reinforced with an 
aramid plastic fiber which allows increased mileage. Thro\lgh the use of 
aluminum and plastic, my automobiles are lighter. Lighter vehicles use less 
gasoline. I use a seven and one-half foot fly rod to throw a number two 
flyli ne after native mountain rainbow trout. The rod weighs less than four 
ounces as it is made of a graphite composite fiber. The flyline could only 
be fabricated with new extrusion techniques and modern plastic materials. 

By now you are probably asking yourself why you are reading this let­
ter. I am writing to you to enlist your support for NASA and the space pro­
gram. All of the products described above are direct or indired benefits 
of the space program. Most people do not realize the enormous impad 
the space program has had in everyday life. Support for the program could 
be defended on these consumer grounds alone, but a greater reason ex­
ists lor your support. 

When Roald Amundsen reached the South Pole in 1911 , the pole was 
known as the last place on Earth . Most great exploration of the Earth was 
completed on that December day. The heavens are the next frontier for 
men to dream of and strive to understand. Without a space program these 
dreams are earthbound. W ith a space program these dreams are limitless. 
The courage of Amundsen, Peary, Scott, and Shackleton can be found to­
day. All we need is the vision to explore and the technology to reach for 
all that we can see. Your support of the space program can only encourage 
men to strive toward the next place off Earth . 
Sincerely, 
Lawrence Shield, Vinton, VA 

" Our generation has an obligation to our society to 
push ahead with the exploration of the last frontier, 
the universe, for the same reasons Columbus sailed the 
Atlantic and our brave pioneers headed west. ~ 
- Jeremy R. Burnham, La Crescenta, CA 



erlt Winner 
Dear Congressman Huckaby, 

I'd like to let you know my thoughts on funding for ASA. Ithink that 
the best money we've spent in the last thirty years went for the technology 
used in space. Each of those dollars has saved many more dollars in work 
and waste by the use of plastics, alloys, microcomputers, and large-scale 
integrated circuits originally developed for ASA missions and adapted 
for all sorts of civilian and military uses. 

We tend to take for granted the ease and lack of expense with which 
we can talk to each other by satellite and microwave relay, as well as the 
advances in medicine which improve not only our life expectancy but also 
the quality of our lives. These developments have either originated or been 
greatly sped along by NASA research. I'd like to share with yOl' one of the 
instances in my own life where ASA research has made a big difference: 

When I was almost four years old my father had a fatal heart attack at 
his work site. This happened a little over twenty-seven years ago and the 
medical technology of the time was simply incapable of saving his life. Ten 
years later my mother suffered a heart attack. nmely action with a cardiac 
defibrillator-a device made available to virtually every physician and 
paramedic because of advances in electronic and medical technology 
generated largely by NASA-saved her life. I know that I am not the only 
person w ho owes the life of a loved one to a NASA invention. 

It would be a grave mistake to drastically cut NASA's funds in order to 
balance the budget. One might as well eat the seed corn during a bad year 
on the fa rm as hamper the cutting edge of American technology by short­
changing NASA. 

The fact is that we get double value for our NASA dollars. By observing 
and exploring space we gain the sort of abstract knowledge about the 
universe which will serve us well in the long run, and we learn how to over­
come serious technical problems here on Earth, thus helping ourselves in 
the short run. For nearly thirty years NASA has provided the results-oriented 
technical research we need in order to keep up with technological pro­
gress in other countries around the world. 

NASA is a positive way of dealing with the trade deficit-it constantly 
gives us technology which other countries will trade for. We can't hope 
to compete with less well-off countries in industries w hich depend on 
cheap labor, but we can sharpen the qualitative edge of American pro­
ducts on the world marketplace, and NASA has been helping in this way 
for a long time. Products which are among our most profitable national 
exports, such as computer technology and structural composite fibers for 
aircraft were developed in NASA laboratories. Every day more hard, prac­
tical ideas come from NASA shops, made in the USA and and ready for 
the world . As a technician with Louisiana Tech University's Center for 
Rehabilitation Science, I was priviledged to help assemble a handicapped 
d river assessment system which was recently shipped to Australia. This 
system is a prime example of the technology which NASA helped to 
generate and which is in such high demand around the world. 

It is very important to have a working civil space program, for as we look 
to the asteroids and other nearby bodies for metal ores and other economic 
resources, NASA will serve as our long arm to reach out forthe things we 
need. When one considers that a single sizable nickel-iron asteroid of the 
sort found between Mars and Jupiter could supply the world with high­
grade o res for steel production (or a century, and that it should be possi­
ble to procure from asteroids some rare metals that now are only ob­
tainable from political trouble spots, it seems that looking out to space for 
our raw materials may not only be exciting but also the most sensible and 
economical way to deal with our difficulties in obtaining strategic raw 
materials. 

I am not advocating that we starve anyone out to fund NASA. Less than 
one percent of the national budget is spent on space. For that expenditure 
we get the research which has made the United States the world leader 
in technology. When our fastest-growing export is technology, is it really 
a good idea to cut back funds for the government agency which helped 
in the progress we've made so far? 

What we need now is new and better know-how-NASA's best product. 
NASA is as good an investment for the country as a set of tools or work 
clothes are (or the working man, and for the same reason-it helps money 
come IN to the country. 

I appreciate your time in reading this. Many thanks for helping us and 
good luck with the campaign . 
Sincerely, 
Vance P_ Frickey, Ruston, LA 

erlt Winner 
Senator Bentsen, 

I have noticed that during the 1988 Presidential campaign the future of 
America's civil space program has not been seriously debated. This area 
has both the potential to spark our country's imagination and economy 
or to drain the budget of critical research dollars. Considering your past 
efforts promoting the growth of Clear Lake and ASA's Johnson Space 
Center, I am sure you are aware of many of the issues surrounding the civil 
space program. I would like to reiterate the benefits proper administration 
of this program brings. 

The most often cited reasons (or space technology development are o( 
short-term impact. amely, an active space program creates new jobs and 
new technologies, with spinoffs eventually spurring other sectors of 
America's economy. Similarly, the international economy is lifted through 
technology transfers. America's role as a technological leader aids (oreign 
relations and ignites patriotism in her citizens. The many economic op­
portunities of a strong space program have only just begun to be 
demonstrated. These benefits are necessary but not sufficient for the full 
commitment of the significant time and efforts required by a permanent 
space program. 

Less tangible effects of space development will have the greater impact 
on the course o( human history. Well publicized, successful research ef­
forts create heroes who are well educated and socially responsible . The 
American dream is reinforced as people from different backgrounds work 
together to build and manage an ongoing space program. This gives youth 
reasons to stay in school and dreams to which they can dedicate 
themselves. An open research community promotes international infor­
mation exchange and cooperation. The collective human psychology 
develops a one-world point of view as more people more often see the 
world from space, one small home in a vast, cold universe. People then 
begin to interact as planetary citizens, putting aside national differences 
for the sake of world concerns. Our advances will benefit all people, 
regardless of patriotism. We must contribute to the body of human 
knowledge and continuously extend our horizons. By avoiding space ex­
ploration as too costly or too dangerous, we are putting blinders on our 
intellect and stunting the growth of civilization. As with all great 
achievements, such as the building of the pyramids or the exploration of 
the New World, sacrifices must be made. Horribly greater would be the 
sacrifice of constraining humanity by the land and knowledge boundries 
we have yet to transcend . 

Timely achievement of these goals can only occur with a serious govern­
mental commitment to the civil space program. A military space program 
could contribute to many areas of space development, but would always 
suffer the downfalls of a closed research community, namely difficult 
technology transfer and the lack of international cooperation . The insight 
of the one-world view wou Id be lost to these barriers. Though the private 
sector could provide a flexible research environment, by its nature it is in­
capable of financing projects with multi-year lag times between investment 
and profit. The hazards and sacrifices inherent in a technology industry 
such as space exploration and development would devastate any in­
dividual private effort. Further, the commitment needed must be geared 
to a long-term program. Project managers must have at their disposal a 
budget spanning the duration of the mission . We have seen repeatedly 
(eg: Skylab and the space shuttle) that short-term budgets only extend the 
time and costs of long-term engineering projects. 

Therefore, in order to gain the monetary and philosophical benefits of 
an active space research and development effort, we must have a firm, 
long-term commitment to our civil space program. If directed correctly, 
such a program could ignite the economy and the imagination of all 
America. A partial commitment, on the other hand, will serve only to drain 
critical funds and talent away from other important research areas. 

I urge you to address these issues during your campaign and emphasize 
their effect upon the future of our country. 
Sincerely, 
Shannon Powers, South Pasadena, CA 

Excerptslrom other LeHers: 

" Most people don't know this, but NASA loves 
babies. They used their special skills to help my dad 
build a safe ambulatory fetal monitor. This will help 
mothers all over the world to keep bad things from 
happening to their babies. Please help NASA keep 
doing good things like this. " 
-Katie Baker (age 11), Spokane, WA 



* Merit Winner 
Dear Senator Lugar, 

Thirty years have gone by since I came to th is country on the heels of 
Sputnik. I have seen American astronauts land on the moon and I took part 
in dp.signing instruments for their missions. These were proud moments 
in the history of this great nation . With concern I saw the lead in 
technology, political vision, and educational excellence ever so slightly 
diminish to the point of second rate status. As I see now a younger genera­
tion enter their careers, I can't help but ask this question: What are we giv­
ing them to assure their children the continuation of a great nation? 

It is with these thoughts in mind that I want to write to you at a time when 
decisions are being made by our political leaders which will have far­
reaching consequences on our lives and, much more important, on the 
lives of ou r children and grandchildren. Technology has given us a much 
better life than our fathers and forefathers had. At times we paid a price 
for it and gallant and heroic men and women lost their lives. Most of the 
achievements we enjoy now were born when great visions were transform­
ed into reality. It was the creation of NASA that helped in that transforma­
tion . We were all proud of the successes and stil l enjoy in many ways the 
d reams which came true. 

As our political leaders found it wise to cut back on the expense for outer 
space research to address the problems of our society, less and less 
technical achievements were accomplished. Other countries took up the 
lead in many technical areas, but no satisfactory solutions were found for 
our socia l ills. I don' t mean to suggest that technology is the all­
encompassing solution for our problems, but without a strong leadership 
in space we are bound to lose the leadership in technology and with it one 
of the pillars for a strong nation . 

W ith th is letter I w ish to put my voice in with those who want to assure 
a great future for this country. I believe this country can afford and con­
tinue to afford a strong space program under the leadership of NASA. I urge 
you to help restore this great institution to the level it once was. By doing 
so we w ill regain leadership in space, plant the seeds for innovation and 
technological excellence, and strengthen the basis for peace, freedom, and 
continued economic growth. 
Respectfully yours, 
Julius A. Loisch, Elkhart, IN 

" The reaches of space offer a literally limitless 
frontier. Once a vigorous space program opens this 
frontier, mankind will be able to satisfy its hunger for 
knowledge, its desire for challenge, and the upward 
tendencies of the human spirit. Without such a 
forward-looking program to open this frontier, the 
human race may stagnate and the many other earthly 
issues that compete at this moment with the space 
program for money and attention will, in the long run, 
matter not one whit. .., 
-Curtis L. Katz, Chicago, IL 

" As a teacher of blind children and as a legally blind 
person, I have directly benefited from technological 
spinoffs. The new computer technology that is 
accessible to the handicapped and the many 
miniaturized audible devices are related to space 
research . .., 
-Olivia Ferrante, Revere, MA 

" I feel that the American spirit is rejuvenated each 
time the Space Shuttle is launched into outer space. If 
the space program is not going forward, then we are 
not going at all. In the words of Claude Pepper, ' Life is 
like riding a bicycle. You don't fall off unless you stop 
peddling.' .., 
-Wayne Spencer, Suffolk, VA 

" I love this country and refuse to believe that we 
cannot or will not compete in the space arena. The 
mandates of a superpower demand that we set and 
maintain a goal of a permanent presence in space . .., 
-Lee St. Mary, Gardner, MA 

Children's Prize Winner 
Chrlltlne E. leys. leonldale. lZ 

Dear Vice President Bush, 

13-year-old Christine Keys is a freshman 
at Horizon High School in Scottsdale, 
AZ. She is a member of the Junior Na­
tional Honor Society. Her interests in­
dude aviation, space technology, 
geology, literature, and art. 

As a 13-year-old girl interested in space, I am w riting to ask for your sup­
port in continuing funding for NASA and the exploration of ' 'The Last Fron­
tier." 

The United States is the leader in the space race and we must continue 
to maintain a strong space program. It benefits everyone in one way or 
another. For example, millions of jobs are provided by the program, and 
that's good fo r the economy. Manufacturing in weightlessness promises 
to produce new medicines and materials for the computer ind ustry. We 
have already learned more about other planets and our ow n. W eather 
fo recasting and communications have been improved . Unmanned 
spacecraft survey global conditions and assist in monitoring pollution and 
flood control, and even locate important mineral deposits. Our presence 
in space is also vital to the national secu rity of ou r country. 

The quality of ou r lives has been improved by advances made through 
the space program. Did you know that specia l wi re used by dentists to 
make braces was originated by NASA? The reflective film that insulates win­
dows is a spinoff from the space program. Space technology even helps 
out at a football game! A shock-absorbing padding developed for use in 
spacecraft is used inside helmets for greater protection. Our own symbol 
of freedom, the Statue of Liberty, benefited from a special coating that was 
applied to her interior to resist corrosion. This material was originally 
developed to protect equipment at Kennedy Space Center from damag­
ing salt in the air. 

As you can see, your support of the NASA budget is the best investment 
that can be made for the future of our country. Please support the space 
program. Thank you. 
Si ncerely, 
Christine E. Keys, Scottsdale, AZ 

" I request that (Congress) draft legislation which 
would afford U.S. taxpayers the opportunity to 
contribute one dollar of their federal tax return (as is 
now possible for Presidential elections) to NASA in 
support of the U.S. space program . .., 
-Joseph A. Resnick, Pittsburgh, PA 

" If we do not promote the space program and fund 
NASA, what will our children dream oil We have 
received a vast amount of knowledge and products 
from our being space-oriented. If we want to continue 
to grow, we must continue to GO . .., 
-Debra Kroslowitz, Holly Hill, FL 

" In 1984 I was working on the refurbishing of Pad 8 
when a scaffold fell and fractured my back. I have 
spent the last four years recovering from that accident 
and preparing for a new career ... I have chosen the 
field of Public Relations ... not only because of my 
disability, but also because I feel I have something to 
offer my country. My dream is to work for NASA, 
helping to make the public aware of the tremendous 
accomplishments of the American space program . .., 
-Annette Hamilton, Titusville, FL 

(from the cover letter accompanying her entry) 
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HONOR ROLL 
These are the concerned citizens who participated in NASA Tech Briefs' 1988 letter 

Writing Contest in support of NASA and the United States Space Program: 
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Kubr, Boston, MA * Mohan Kumaraswamy, Boston, MA * Sean I. lacefield, Greeley, CO * Dianna lampert, City and State Unknown * 

GeOffrey A. landis, Brook Park, OH * Matthew landon, Greeley, CO * Derek Edward lang, Boston, MA * Walter B. larew, Falls Church, 
VA * Nick larter, Boston, MA * Bill lauto, lericho, NY * Bill lavin, Syracuse, NY * Donelson C. lawry, Annandale, VA * Kari R. laws, 

Greeley, CO * Charmian leaver, Boston, MA * Burton Hoyt lee, Boston, MA * Nathan lemmon, Memphis, TN * Stephane Lessard, 
Boston, MA * Michael E. levesque, Pasadena, CA * Rex Wade lewis, Greeley, CO * Amy lile, Oklahoma City, OK * Claudia lindberg, 
Boston, MA * Thomas M. lindemayer, Bloomfield, CT * Gordon C. linder, Magna, UT * leffrey G. liss, Chicago, Il * Mitcheliliswith, 

Phoenix, AZ * Michael lockwood, littleton, CO * lulius A. loisch, Elkhart, IN * Rodrigo lopez, Douglas, AZ * Carroll D. lowe,/r., 
Raleigh, NC * Gordon Markus Fred lueckel, Boston, MA * Bruce H. luhrs, Merrimack, NH * lim lynam, Stamford, a * Patricia lynn, 

lamaica, NY * Taber Kyle MacCallum, Boston, MA * Micah T. MacDonald, Melbourne, Fl * Dale Mackall, Tehachapi, CA * Scott 
Maclaren, Urbana, Il * Toshihide Maeda, Boston, MA * Shannon Malone, Totowa, NI * Shiloh E. Mann, Greeley, CO * lesse Markowitz, 

Atlanta, GA * Steve Marley, Boston, MA * lames D. Marrone, lake Bluff, Il * Olivier Marsal, Boston, MA * Michelle Martin, Royal Oak, MI 
* George Martinez, la Crescenta, CA * Anthony Marzullo, Middletown, a * Mark Garo Matossian, Boston, MA * Kimberly C. May, 

Greeley, CO * Debra A. Mayer, Terrell, TX * David C. McCall, Nashville, TN * Richard E. McCormick, Cleveland, OH * Glen McCue, 
Tempe, AZ * Mark I. McGrath, Radcliff, KY * George W. McGuirk, Ocala, Fl * Patrick l. McHargue, San lose, CA * Stephanie Mcinerney, 

louisville, KY * Glenn I. McPeters, Underhill, VT * Andrew I. Mejia, Greeley, CO * Frederick C. Menage, lanham, MD * 
Cathy l. Meredith, Washington, PA * Mark A. Middlebusher, Fairhope, Al * Tohru Mitsuhashi, Boston, MA * Feda Mohammed, Union 

City, CA * Mike Monison, Westland, MI * Blake D. Montey, Greeley, CO * David Moore, los Angeles, CA * Tom Morrison, Hesperia, CA 
* Richard A. Moss, M.D., Plymouth, MA * Meredith Murar, Bruswick, OH * lohn D. Mustain, Kenton, OH * Bret G. Naber, Greeley, CO 
* Carol Nain, Boston, MA * Susan Naramore, Wiggins, MS * Edward I . Nassif, Ir., lawrence, MA * David Nathenson, Pittsburgh, PA * 
Eric Negley, lawrenceville, GA * William Nelson, Gulfport, MS * Ralph Neuhauser, Boston, MA * Allen Newcomb, Boston, MA * lames 
O. Newgren, Fremont, CA * Scott l. Newsome, Providence, RI * Vinh T. Nguyen, Huntington Beach, CA * David W. Noffsinger, Greeley, 

CO * Sean Thomas Nolan, Boston, MA * Dirk Nordling, Sykesville, MD * Michael I . Novak, Clawson, MI * Ingrid Nowicki, McHenry, Il * 
Krystopher I. Obrzut, Greeley, CO * Wilson N. Oguya, Boston, MA * Mark Oleszko, Warren, MI * Fabiola Oliviera, Boston, MA * Caridad 
Ortiz, Malba Manor, NY * lohn I. Ott, Colorado Springs, CO * ReneeOtte, W. Paducah, KY * Paul Otto, Mary Esther, Fl * lohn Y. Pabst, 
Greeley, CO * Steven I. Packard, Littleton, CO * I. D. Palermo, Dixon, Il * Paul Paris-Coker, los Angeles, CA * Steve Park, St. Petersburg, 

Fl * Derek Dale Parker, Boston, MA * Ehimwenman Parker, Chicago, Il * Steven Ross Parris, Boston, MA * Rebecca louise Parrish, Ft. 
Walton Beach, FL * Sandy Partin, Homosassa Springs, FL * Pat Patel, Sylvania, OH * Sheetal Patel, Idabel, OK * Ian S. Paul, Bakersfield, 

CA * lerry Peeples Ir., los Angeles, CA * Maria Antonietta Perino, Boston, MA * Shelley Perkey, Cave City, AR * Pamela Pernisz, Midland, 
MI * Udo Pernisz, Midland, MI * Kiley Dawn Perrich, Greeley, CO * Ben Perry, lubbock, TX * Anna Evangelos Petropoulos, Boston, MA 
* Daniell . Pettinati, lenkintown, PA * Edmond A. Pietila, Pewaukee, WI * lennifer Pietrykowski, Muskego, WI * Claire Pinches, Boston, 

MA * Isabelle Piret, Boston, MA * Troy S. Pitcher, Greeley, CO * Dana M. Podell, Greeley, CO * loseph G. Ponyik, Cleveland, OH * 
Danny Porter, Reseda, CA * Michael Potter, Boston, MA * Shannon Powers, South Pasadena, CA * Angela lynn Pray, Boston, MA * Robert 
O. Price, Santa Ana, CA * Robert leigh Pritchett, Richland, WA * David Rachal, Baton Rouge, LA * Stephanie Rachal, Baton Rouge, LA * 
Thomas W. Rachal, Baton Rouge, LA * Richard A. Raehal, Greeley, CO * lason Brian Rangel, Greeley, CO * lustin Tyler Rangel, Greeley, 

CO * C. Ernest Reece, Easley, SC * Aaron I. Reed, Greeley, CO * Harry Reed, Benton, KY * leremey Reel, lawrenceville, GA * Ronald V. 
Regan, Casselberry, Fl * Heather E. Rehmer, Greeley, CO * Dawn O. Reilly, Deer Field Beach, Fl * Federico Renon, Boston, MA * loseph 

A. Resnick, Pittsburgh, PA * lames A. Richmond, Monrovia, MD * Connie Robinson, Boston, MA * Paul Robinson, Boston, MA * Tyler 
Rogers, laSalle, CO * Carly Rohrig, St. Petersburg, Fl * Robb W. Roloff, Pewaukee, WI * Karey S. Rose, Greeley, CO * leffrey P. 

Rosenking, levittown, NY * Angela 10 Roybal, Greeley, CO * Christy lynne Russon, Greeley, CO * Bennett Rutledge, Arlington, VA * 
Douglas Ruuska, Quincy, MA * Erik Saarmaa, Denver, CO * Christian S. Sallaberger, Boston, MA * lorene Samoska, Urbana, Il * Rachel 
Sample, loveland, CA * Amaranath Sanmugasunderam, Boston, MA * Matthew Risus Savin, Alhambra, CA * Hari Mohan Saxena, Boston, 
MA * Steven Sayre, Chico, CA * Patty Scally, Picayune, MS * Ronald F. Schaefer, Boston, MA * Richard H. Scheck, Thousand Oaks, CA * 

loseph Barry Schimmel, Atlanta, GA * Richard K. Schneider, Queens, NY * Nicholas I. Schommer, Greeley, CO * Brandy Schroeder, 
Pasadena, CA * Peter Scott, Glendale, CA * Heather R. Seale, Greeley, CO * lames I. Serosky, Shortsville, NY * D. Eric Seifarth, 

Hagerstown, MD * Gunther Selzer, Boston, MA * Natalie Senger, Tyler, TX * Mark W. Sewell, Aberdeen, SO * Ralph D. Sexton, Arlington, 
MA * Dan Shafer, Rockville Centre, NY * Peter M. Shemroske, Tucson, AZ * lim Sherrill, Grapevine, TX * lawrence Shield, Vinton, VA * 

Donna R. Shipp, Palmdale, CA * Gary K. Shironaka, Greeley, CO * lohn C. Shryock, Ir., louisville, KY * Roberto Shu, Boston, MA * H. 
Paul Shuch, San lose, CA * ladonna M. Shultz, Commerce City, CO * Elizabeth Christita Sibolboro, Boston, MA * lohn l. Siemion, 

Bellevue, WA * Tanya Sienko, Urbana, Il * Raj Singaraju, Albuquerque, NM * Michael Skinner, Tampa, Fl * Douglas Smith, Kenmore, NY 
* lohn C. Smith, Brandon, Fl * Warren Smith, Napa, CA * Rodney R. Snelling, Greeley, CO * leramy R. Snidow, Greeley, CO * Richard 

l. Snyder, Pittsburgh, PA * lynn Sostarich, Fairfield, OH * Wayne R. Spencer, Suffolk, VA * lack D. Stanley, Friendswood, TX * George M. 
Steffens, Downers Grove, Il * leremy Steffens, Orlando, Fl * David Stephens, Tulsa, OK * Andrea R. Stinson, Greeley, CO * lee St. Mary, 

Gardner, MA * Eva Kimberly Strong, Boston, MA * Claudius Stute, San luan Capistrano, CA * Paul D. Stutrud, Rohnert 
Park, CA * lohn W. Suh, Farmington Hills, MI * Thoma A. Sullivan, Houston, TX * Scott Swaggart, Boulder, CO * Alan I. Swartz, Alta 
loma, CA * lawrence D. Tagrin, Keller, TX * David M. Taylor, Beavercreek, OH * R. Michael Taylor, Columbus, OH * Paul R. Teich, 

Madison, Al * Chris D. Tenaglia, Milwaukee, WI * Erica Michelle Tenniswood, Fowlerville, MI * Madhu Thangavelu, Boston, MA * lames 
E. Thibodeau, Roanoke, VA * Laura Thompson, Alexandria, VA * David Tichane, Katonah, NY * Eric W. Tilenius, Huntington Station, NY 
* Allen l. Tipps, Piqua,OH * Crystal Tom, Idabel, OK * Angela S. Tooker, Greeley, CO * Andrew Torstrick, San Antonio, TX * Tihamer 

Toth-Fejel, Ann Arbor, MI * leffrey R. Townsend, Greeley, CO * larry Truitt, Thorntown, IN * Thomas C. Tsareff, Indianapolis, IN * 
Micah l. Tucker, Greeley, CO * Praveen Tyle, Lincoln, NE * Randall D. Umphress, Wamego, KS * William I. Unger, Boston, MA * Kristina 

M. Valter, Boskm, MA * Robert S. VannRo", Fort Wayne, IN * David I. Van Petten, Waldorf, MD * lisa Varacins, Hampshire, Il * lack 
Veenstra, Wheaton, Il * Richard Vellani, Richmond Hill, NY * Frances Vena, Braintree, MA * Eva M. Vencl, West Palm Beach, Fl * Erik 

Scott Viirre, Boston, MA * Richard A. Vrba, Austin, TX * Virgil George Vulcu, Boston, MA * Scott A. Wahlstrom, Shrewsbury, MA * EmilI. 
Walcek, Mission Hills, CA * Samantha R. Washburn, Snellville, GA * Michael C. Wasmund, Fairmont, MN * Charles B. Watkins, Silver 

Spring, MD * C. Flint Webb, San Diego, CA * Peter H. Webb, Belmont, MA * luergen Weber, Carlsbad, CA * linhe Wei, Boston, MA * 
Ann Marie N. Welch, Bloomingdale, NI * Wilhelm Weller, Redondo Beach, CA * j{yan Wells, Greeley, CO * Gus Welt, Brooklyn, NY * 

lawson B. Whitaker, Raleigh, NC * Walter W. Whitaker III, Girard , PA * Karen E. Whittlesey, Altadena, CA * Thomas P. Will, Ir., 
Rockaway, NI * James C. Willard, EI Paso, TX * Kevin Williams, lakewood, CO * leslie Williams, lakewood, CO * Michael D. Williams, 

Cedar Fals, IA * Re" M. Williams, Pittsburgh, PA * Sharon Williams, Greenwood, AR * Josita M. Wilson, Harrisburg, PA * Robert A. 
Wilson, Jr., Somersworth, NH * Tyrone J. Wims, Philadelphia, PA * Allen E. Wind horn, Kasota, MN * Dennis Wingo, Huntsville, Al * 
laurence B. Winn, Phoenix, AZ * Robb W. Witte, Greeley, CO * Natalie S. Wittman, Roscoe, Il * Nancy Wood, Houston, TX * lennifer 

Word, Oran~ Park, Fl * Henry Wulf, Hackettstown, NJ * Elisa Wynn, Williamsville, NY * Guo-hong Xi a, Boston, MA * Norihiro 
Yamaguchi, Boston, MA * Robert N. Yancey, Sunnyvale, CA * Zhong-yaun Ye, Boston, MA * Kris Young, Moscow, PA * Gregory Zentz, 

Wellington, Fl * longgen Zhu, Boston, MA * James J. Zik, Vienna, VA * Allen F. Zimmerman, Greeley, CO * lames R. Zimmerman, 
Jackson, MS * Michael V. Zucco, Stratford, CT * 



WHEN COMPOSITE PARTS 
THROW YOU A CURVE 
THERE'S AN ULTRASONIC 
SYSTEM THAT CAN 
HANDLE IT: AUSS V. 
No other ultrasonic scanning system can offer 
you these features: 

Motion Control. 'fiue contour following, 
manual and CAD/ CAM part surface definition 
and storage, and part orientation correction. 

Data acquisition. Dynamic data range of 
96 dB, simultaneous acquisition of four data 
parameters, selection of three 3D-to-2D data 
mapping techniques and built-in data 
standardization. 

Data imaging. Near real-time display, 
8 to 256 shades of gray or color, selectable data 
display windows, half, full or zoom displays, 
rapid pan and scroll, alphanumeric annotation, 
length, depth and surface area measurements, 
histograms and cross sections. 

System througbPyt. Simple operator 
interface, simultaneous data scanning, imaging 
and plotting, and Ethernet networking to off-line 
evaluation centers. 

To find out about AUSS V and how it can 
help improve your product quality while 
reducing costs, call or write: 

~1cDonnell Aircraft Company 
P.O. Box 516, Dept. 080 
St. Louis, MO 63166 (314) 233-0300 

MCDONNELL DOUGLAS 
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Pre-Register Today At Special Rates For 
1988's MOST IMPORTANT INTERNATIONAL 

CONFERENCE AND EXPOSITION 

2ND ANNUALSP/\CE 
TECHNOLOGY 
COMMERCE & November 1-4, 1988 
COMMUNICATIONS George R. Brown Convention Center 

CO-SPONSORED BY:~ Houston, Texas USA 

~Lr[}{]~ @[P&~~ [?@[)1]~[Q)&LrO@~ AND SP~E MAGAZINE THE EXHIBllS 
An exciting array of international 
organizations will offer products and 
services to make space ventures a 
reality. The second annual SPACE: 
Technology, Commerce & Commun­
ications will build on its 1988 success 
with exhibits from these companies 
and others: 
NASA, Lockheed Missiles & Space Company, 
McDonnell Douglas, Rockwell International, 
Ferranti International, General DynamiCS 
Space Systems Division, Pilkington Electro 
OptiCS, Inc. , IBM Corporation, Boeing Com­
pany, Space Industries, Hercules Aerospace 
Company, NASA - JSC Life Sciences Project 
Division, Rocketdyne, Honeywell, Inc ., 
Dynamic Engineering, Inc. , Eagle Aerospace, 
SPACE magazine, Butterworth Scientific 
Ltd. , Micro Craft Inc., Engineering Cyber­
netics, Inc., Diversified Information Services, 
Inc., NASA Tech Briefs, Aerospace America, 
Marotta Scientific Controls, Inc., Tandem 
Computera Incorporated, Welcom Software 
Technology, Computer Sciences Corpora­
tion, Strategic Software Planning Corpora­
tion, Quality Associates, Gulton Data 
Systems, Houston Power & Lighting Co., 
Apollo Computer, Aviation Week & Space 
Technology, Naval Research Laboratories, 
Satellite Communications magazine, Applied 
Business Technology Corp., Manitoba Aero­
space Technology, Final Frontier magazine, 
Government of Canada, Belgian Science 
Policy Office, Primavera Systems and others. 

THE CONFERENCE 
SPACE: Technology, Commerce & 
Communications will address the op­
portunities, risks and potential for 
business in space, and will feature 
world renowned experts discussing 
technology advancements, new busi­
ness opportunities, and more. Ses­
sions will offer attendees a realistic 
assessm~nt of today's industry and an 
insight into factors that influence the 
direction of future programs. 
• Roles of Industry and Government in 

Commercialization of Space 
• Establishing Constituencies for Space 

Programs Worldwide 
• Research in Space 
• NASA CCDS Directors Panel 
• Financing Space Ventures (full day program) 
• Space Shuttles 
• Industrial Platforms 
• The International Space Station 
• Current Space Transponation Services 
• Future Space Transponation Concepts 
• Commercial Launch Centers 
• How to Market Services 
• Legal , Regulatory and Insurance Issues 
• Robotics 
• Remote Sensing Information Services 
• Satellite Communications: Creative 

Use of New Technologies 

Circle Re.der Action No. 409 

Confirmed speakers include: 

Mr. Edward Donley, Chairman, NASA 
Commercial Programs Advisory Committee 
and Chairman of the Executive Committee of 
the Board of Directors of Air Products and 
Chemicals, Inc. 

Mr. Robert Hood, Vice President, Aerospace 
Business Development, McDonnell Douglas 
Corporation 

Mr. Gordon Williams, Vice President & 
General Manager, TRW Federal Systems 

Mr. James Rose, ASSistant Administrator for 
Commercial Programs, NASA HO 

Dr. Rupert Haydn, Managing Director, GAF, 
Germany 

Mr. Courtney A. Stadd, Director, Office of 
Commerical Space Transportation, US. Dept. 
of Transportation 

Dr. Robert Bartholemy, SES, Program 
Manager, National Aero-Space Plane Joint 
Program Office 

Mr. Robert Brumley, General Counsel, US. 
Dept. of Commerce 

Mr. L.J. "Bud" Evans, President, Center for 
Space and Advanced Technology 

Mr. Jean-Yvas LeGall , Conseille Technique, 
French Ministry of Space 

Dr. Hans Hoffman, President & Managing 
Director, Intospace, Germany 

Mr. Alain Gaubart, Executive Manager, 
PROSPACE, France 

Mr. Gerald C. Musarra, Program Counsel, 
U.S. Dept. of Transportation 

Mr. Peter Tambosl, Vice President, 
Aerospace, Banque Nationale de Paris 

Mr. Bernard Deloffre, Hermes Aerospatlale 
Dr. Joseph Allen, Executive Vice President, 
Space Industries 

Mr. James Barrett, President, International 
Technology Underwriters Corp. 

Mr. HOllister Cantus, Assistant Administrator 
for External Relations, NASA HO 

Mr. Ian Pryke, Head, Washington Office, 

Dr. Peter Kleber, Project Manager, 
Industrialization of Space, DFVLR, Germany 

Ms. Shellyn McCaffrey, Associate Deputy 
Secretary, US. Dept. of Commerce 

Mr. Robert Thompson, Vice PreSident & 
General Manager, McDonnell Douglas 
Astronautics Company 

Mr. Peter Wood, Consultant and Past Senior 
Vice PreSident, Booz-Allen & Hamilton 

Mr. John Hannon, Vice President & General 
Manager, COMSA T World Systems Division 

Dr. Frederick Henderson III, President, The 
GEOSA T Committee 

Mr. Ian Pariler, Editor-in-Chief, SPACE 
Magazine, U. K. 

Dr. Harry Foden, Vice President, Arthur D. UttJe 
Dr. Robert Bayuzlck, Director, Center for 
Space Processing of Engineering Materials, 
Vanderbilt University 

Dr. John Bosslar, Director, Center for Real­
Time Satellite Mapping, Ohio State University 

Mr. David O. Wicks, Jr., President, Criterion 
Investments 

Dr. Chris Shove, Director, Space Programs, 
Florida Dept. of Commerce 

Mr. Richard Nausch, Managing Director, 
Marsh & McLennan Aviation 

Dr. Peter Glaser, Vice President, Arthur D. Uttle 
Dr. Patrick Brown, Group Leader, The MITRE 
Corporation 

Mr. Gary Mlgllcco, Partner, Peat Marwick 
Mr. David Langstaff, Senior VP and Chief 
Financial Officer, Space Industries 

Dr. Dennis Barnes, Space Business 
Advocate, State of Virginia and Assoc. V.P. for 
Government Relations, University of Virginia 

Dr. Jean N. Koster, Associate Director, Center 
for Low-Gravity Fluid Mechanics and Transport 
Phenomena, University of Coloredo at Boulder 

Mr. Ankur Hajare, MTS, The MITRE Corporation 
Dr. Otavlo Durao, Brazilian Institute for Space 

Research 
Dr. Ronald Giuntini, Manager, Space 

Engineering, Wyle LaboratOries 
Mrs. Candace Johnson, Marketing ManagBJ', European Space Agency 

IIIaHZaKns Kolbe & Co., 

Return to: Registration Dept. 
SPACE: Technology, Commerce & Communications 
c/o T.F. Associates, Inc. 

NTB988 

79 Milk Street, Suite 1108 Telephone: 617-292-&480 
Boston, MA 02109 USA Telex: 951417 Ref: TFAS 
o Yes, preregister me at the discount rate of $445.00, including 3 luncheons, coffee 

breaks, reception and exhibits pass. (GovernmentJinstitutionsaVSpace Foundation 
member rate $395.(0). I understand you will send me written confirmation and detailed 
hotel information. 

o My company may wish to exhibit. Please send exhibit information. 
Name ____________________________ Trt~ __________________________ __ 

COm~ny ---------------------------------------------------------

Address 

City 

Tel. 

___________________________________ State/Country __ Zip __ _ 

____________________________ Te~x 





Technol~ that 
takes design 
capabilities to 
awhole 
new plane. 

Advanced Composite Systems 
Design Freedom. Like no other carbon 

fiber supplier, we can help you design 
beyond the limits of today's technology. 
Our advances in thermoplastic prep regs , 
for example, offer a whole new world of 
materials solutions for both aircraft and 
aerospace applications. 

Advanced Properties. Our thermoplas­
tic composite systems offer distinct new 
advantages. They're reformable. Require 
no refrigeration. Offer superior toughness 
in high temperature situations. And 
require a minimum of manufacturing 
time. 

Strategic Advantages. We're currently 
the only U.S. based fully integrated manu­
facturer of carbon fibers. From precursor 
to prepregs we offer the security of totally 
domestic production at our Greenville, 
South Carolina plant. So if domestic fiber is 
as important to you as it is to us, evaluate 
our fibers for your next project. 

Multidimensional Commitment. We are 
dedicated to all areas of composites tech­
nology: precursor, carbon fibers, and 
thermoset and thermoplastic resins. 
We've been on the leading edge of 
research and development for composites 
since the early 1960's. Our domestic plants 
are state-of-the-art, computer controlled 
facilities. And our technological support is 
second to none. Even one-on-one if that's 
what your project requires. 

Call us. Ask questions. The earlier you 
involve us in the development process, the 
more solutions we can help you find. You 
can reach Amoco Performance Products, 
Customer Service at 1-800-222-2448. 

We can help even your most advanced 
designs take off. 

THE ALL AMERICAN SOLUTION 

Amoco Performance Products 
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The Evolution of 

"Smart" Composite Materials 

T here is an interesting parallel 
between evolution in animals 
and in advanced materials. The 

evolution of most animal species has 
involved the integration of a highly 
developed nervous system-a net­
work of sensors- with the biological 
structure. Pain sensors, for example, 
are crucial for survival and playa major 
role in " instant" education. The adage 
"once burned, lesson learned" has 
been an unfortunate part of every 
child 's experience. 

In the material science field , a new 
species of material is evolving which 
will be better equipped to survive in its 
environment than its predecessors. 
Engineers have developed strong, 
lightweight composites that mimic the 
properties of wood, nature's fiber­
reinforced composite material. Now 
these materials are becoming "smart. " 

The smart materials concept is based 
on the integration of sensors with 
materials, so that the material has its 
own " nervous system," able to both 
sense and communicate with an out­
side intelligence. This technology of­
fers a cost-efficient way to monitor the 
health and performance of structures 
both in space and on Earth. Presently, 
it would be difficult to monitor a huge 
space structure without a correspond­
ingly huge investment. On Earth we 
can avoid this problem by over­
designing the structure to the point 
that statistics are on our side, but we 
still have no way of predicting how the 
structure will perform for the re­
mainder of its life. Striking examples 
of our failure to properly assess struc­
tural integrity are downed bridges on 
major highways and ruptured pipe­
lines in nuclear power plants. 

Applications of smart materials 
could touch everyone. Technology 
developed for the Space Station and 
aeronautical systems could be reap­
plied by the commercial sector to im­
prove the safety and reliability of aging 
structures. Bridges may one day be 
monitored with sensor-embedded lines 
able to measure various forms of dam­
age. Similar monitoring systems could 
be placed on dams, offshore plat­
forms, storage tanks, pressure ves­
sels-even your car. 

The sensors being examined for 
these applications can measure 
temperature, strain, impact energy, 
chemical activity, and electrical and 
magnetic fields, and include fiber op-
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By Dr. Robert S. Rogowski, Dr. Joseph S. Heyman and Dr. Richard 0. Claus 

tic, acoustic wave guide, and dielectric 
sensors. The development of inte­
grated sensors relies on basic princi­
ples of physics and mechanics: first 
one must determine the crit ical struc­
tural properties and then decide which 
sensor technology is compatible with 
that structure. 

Optical Fibers Ught The Way 
At NASA's Langley Research Cen­

ter, we are developing in-situ fiber op­
tic sensors for smart materials. Optical 
fibers offer many appealing character­
istics for structural applications, in­
cluding compatibility, versatility, sen­
sitivity, unobtrusiveness, and low mass. 

In monitoring structural integrity, 
one of the most important measure­
ments is strain. We have measured 
both static and dynamic strain in test 
specimens using optical fibers. These 

were examined through techniques 
such as modal domain interference, 
optical time domain reflectometry, and 
an optical phase locked loop. In the lat­
ter, a voltage-controlled oscillator 
modulates a GaAlAs laser and pro­
vides a reference signal to a double 
balanced mixer. The laser radiation 
passes through a multi mode optical 
fiber, is detected, amplified, and then 
mixed with the reference signal to 
generate an error voltage. The phases 
of the two signals are maintained at 
quadrature by feedback of the DC error 
voltage from the mixer to the oscilla­
tor. A filter removes the radio frequen­
cy component coming from the mixer. 
With this configuration, any change in 
the phase of the modulation is com­
pensated by a change in the modula­
t ion frequency. 

In one application, we used the op-

Dr. Robert Rogowski's 
rese.rch group .t NASA 
LIIngley hss me •• ured 
.tr.'n In compo.'te 
m.terl.'. u.'ng ' •• er­
r.dl.ted optic.' fiber •. 



tical phase locked loop to measure 
dynamic strain in a cantilever beam 
fixed at one end. Both optical fiber and 
conventional resistance strain gauges 
were attached to a metal beam with a 
0.6Hz fundamental vibration frequen­
cy. A Fourier transform of the signals 
from both devices indicated a promi­
nent peak of 3.8 Hz, which is the fre­
quency of the second mode. 

We garnered similar results by inter­
rogating the fiber with a modal domain 
sensor, which depends on the inter­
ference of several modes in a single 
mode fiber. If radiation from a He·Ne 
laser operating at 633 nm is launched 
into a single mode fiber at 840 nm, 
several modes will propagate in the 
fiber and various spatial patterns will 
emerge. Spatial filtering selects part of 
the pattern for detection. If the fiber is 
strained, the pattern changes and 
causes a change in signal amplitude at 
the detector. 

Our group used the modal domain 
sensorto detect acoustic emission in 
a graphite/epoxy composite specimen. 
Acoustic emission can indicate dam­
age from impact or excessive stress, 
which causes the material's fibers to 
break apart. The optical fiber picked up 
the stress wave generated in the com­
pOSite and converted it to an optical 
signal. 

One optical fiber can playa multiple 
sensor role. The fiber used to detect 
acoustic emission can also measure 
strain caused by the structure's natural 
vibration frequencies, and could pro­
vide feedback to a control system for 
damping vibrations in large flexible 
structures such as the Space Station. 

Industry-Wide Research 
Smart materials research is under· 

way at several laboratories. Foster 
Miller is developing a fiber optic 
method for monitoring the curing of 
composites under a Small Business 
Innovative Research contract with 
NASA Langley. The method involves 
infrared transmitting fibers embedded 
in the composite and the use of a 
Fourier transform infrared spectrom­
eter to monitor chemical changes 
which indicate the material's state of 
cure. Langley is also collaborating 
with the Air Force Astronautics 
Laboratory on a program for in-situ 
monitoring of strain and vibration in 
filament-wound graphite/epoxy tubes. 

Many of the major aerospace manu­
facturers are developing smart com­
posites. The Lockheed Missiles and 
Space Company has reported strain 
measurements in composites with 
embedded optical fibers and has 
created electrically conductive poly­
mers for smart structure applications. 
McDonnell Douglas is applying its ex­
perience with fiber optic gyros to the 
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development of composite monitoring 
systems, using Sagnac interferome­
ters for strain sensing_ Hercules Aero­
space is investigating polarimetric 
techniques for strain measurement 
with embedded fibers. And United 
Technologies Research Center has 
fabricated a unique twin core fiber that 
can measure strain and temperature 
simultaneously in a composite struc­
ture. 

An Intelligent Solution 
The evolution of smart materials is 

driven by necessity; certain require-

ments for space structure perfor­
mance and reliability can only be met 
with new technology. Future deploy­
ment of space structures will require 
new kinds of sensors and actuators for 
active control of structural configura­
tion. Conventional strain gauges and 
accelerometers are too cumbersome 
for use on these large structures and 
cannot provide the required accuracy. 

Smart composites offer an in­
telligent solution. This new species of 
material promises to dramatically im­
prove the performance, reliability, and 
safety of tomorrow's structures. 0 

Portable DC Voltage Standard 
... the 4410 ... New from Guildline 
Guildline, for more than a quarter century, has been known We have nicknamed the 4410 our "off-road 4 x 4" 
as THE source for DC standards . In fact , our standard cell ... just like those rugged vehicles traveling the worst 
enclosures can be found in National Standards Laboratories terrain under the worst conditions it performs .. . a no-
throughout the free world and countless independent cal nonsense, easy to handle vehicle with 4 x 4 DC outputs 
labs as well. and extended battery life which won 't leave you stranded 

Now We Are Competing With Ourselves! out there . 

The 4410 provides the traceability of our standard Call Guildline today and ask about our 4410 "test drive" 
cells with a whole lot more . This electronic instrument program ... take it around your lab or plant floor! We 
provides 4 reference outputs at 1.018Vand 4 at 10V. It's think you 'll love the ride . 
completely portable and rugged enough to withstand many Features' • Four outputs at 1.018VDC 
of the environmental p(Qblems found on the plant floor .. . a . • Four outputs at 10VDC 
location where this instrument can be used with complete • Low drift, low noise 
confidence. Best of all , this highly reliable standard is a .100 hours of battery backup 
breeze to use . • Low temperature coefficient 

/SGuildline 
GUILDLINE INSTRUMENTS 
USA: Gulldline Instruments Inc. 
4403 Vineland Road' Suite B 1 0 • Orlando. FI. 32811-7335 
(407) 423-8215 Telex. 856443 Fax : (407) 422-5987 

• Excellent line isolation 
• Portable, ideally suited to the lab or 

factory 

CANADA & OVERSEAS: 
Gulldllne Instruments Ltd., 
P.O. Box 99 ' 21 Gilroy St.· Smiths Falls. Ontario K7A 4S9' Canada 
(613) 283-3000 Telex. 053·3266 Fax: (613) 283-6082 
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THE CHALLENGE: 
"DEMONSTRATE HOW HIP ENHANCES THE 

PERFORMANCE AND IMPROVES THE FATIGUE 
STRENGTH OF ADVANCED COMPONENTS." 

This is a challenge our Whitehall 
HIP Department meets every day. 
Here we operate one of the larg­
est toll Hot Isostatic Pressing 
facilities in the world . In partner­
ship with our customers, we 
provide quality service to a broad 
range of industries, including 
aerospace. So when Textron 
Lycoming wanted to strengthen 
the AMS 4225 aluminum heads 
on their reciprocating aircraft 
engines, they came to Howmet. 
Together we were able to develop 
a HIP program that significantly 
improved the performance of 
their components. 
EXTENSIVE 
APPLICATIONS FOR HIP 
HIP subjects components to a 
high gas pressure and elevated 
temperature sufficient to reduce 
shrinkage porosity and close 
internal voids. Many engineers 
are learning that HIPed cast com­
ponents deliver the consistency 
and mechanical properties 
expected of forgings. In addition 
to titanium and superalloys, per­
formance improvements are also 
seen in steel , bronze, cast iron, 

ceramics and aluminum. We also 
HIP powder metal components. 

HIP lowers life cycle costs, 
and not just for the aerospace 
industry. HIP is used for high 
performance automotive pistons, 
rods, crankshafts and engine 
blocks. It also has applications for 
electronics, ceramic products, 
medical implants and pump and 
valve components for the oil , food 
and chemical industries. 
HIP PIONEERS. 
We began production HIPing in 
1975 and now have one of the 
largest capacities in the world , 
with capabilities from small 
developmental-size presses to 
57" in diameter and 80" in height, 
pressures to 45,000 psi and tem­
peratures to 4000°F. 

This extensive range enables us 
to answer vi rtually any challenge. 

1=1 HOWMET CORPORATION 

Partners. Challenge by Challenge. 

THE IMPOSSIBLE MADE 
POSSIBLE. 
Another service that sets Howmet 
apart is our 80,000 square foot 
research, development and 
engineering center. Here metal­
lurgical teams and laboratory 
specialists come up with break­
through solutions to seemingly 
impossible challenges. They are 
always available to you as a 
Howmet customer. 
WE INVITE 
YOUR CHALLENGES. 
At Howmet, we will work as a 
partner with you, engineer to 
engineer, from concept through 
design to finished product. 
Whether your problem requires a 
cost-effective solution or state-of­
the-art technology for complex 
applications, we can help. 
Impossible? Challenge us. 

For more information, write our 
Sales Department, Howmet Cor­
poration, 475 Steamboat Road, 
Greenwich, CT 06836-1960. Or 
contact the manager of the White­
hall HIP Department, 1600 South 
Warner Road, Whitehall, MI 
49461 , telephone (616) 894-5686. 

WHITEHALL HIP DEPARTMENT, WHITEHALL. MI 



24 

Webuildour 
temperature probes 
precisely for 
your application. 

We build our temperature probes to fit your ap­
plication precisely from: 

41 standard packages 
17 standard lead styles 
12 standard lead materials 
9 standard thread sizes 

11 standard connectors 
6 standard assembly materials 

58 standard thermistors with interchange­
abilities from ± O.2°e to ± O.05°e 

And if none of our standard options meets 
your needs, we'll make a custom probe from your 
drawing. Send for our catalog. Or call YSI toll­
free at 800 343-HELP (or 513767-7241). 

II
I!!i 

YSI Incorporated 
Yellow Springs, Ohio 45387 USA VS I 
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New 
Product 
Ideas 

New Product Ideas are Just a few of the many Innova· 
tlons described In this Issua of NASA T.ch Brl.fs and having 
promising commarclal applications. Each Is discussed fur· 
thar on tha rafaranced paga In tha appropriate section In 
this Issue. " you are Intarastad In developing a product from 
tha .. or othar NASA Innovations, you can receive further 
t.chnlcallnformatlon by raquestlng the TSP referenced at 
the and of tha full-length artlcl. or by writing the 
T.chnology Utilization OffIce of tha sponsoring NASA center 
(saa paga 28). NASA's patent-licensing program to en· 
couraga commercial development Is dascrlbed on page 26. 

Noncontacting Inspection Heads 
for Robots 

A remote inspection head for robots would include a variety 
of sensors housed in a compact assembly to monitor internal con­
ditions of such complex equipment as turbines, pumps, motors, 
and generators. Signals from the sensors would be transmitted 
via fiber-optic cables to an electro-optical interface, converted to 
electrical signals, and sent to a computer for processing. (See 
page 36) . 

Controlling Vapor Pressure in 
Hanging-Drop Crystallization 

A device helps to control the vapor pressure of water and of 
other solvents in the vicinity of a hanging drop of crystallizing en­
zyme or protein. With the help of the device, the rate of nuclea­
tion can be limited to decrease the number and increase the size 
of the crystals. Larger crystals are needed for x-ray diffraction 
studies of these macromolecules. (See page 57). 

Radio-Frequency Strain Monitor 
An RF strain monitor measures lengths of objects. Unlike other 

strain sensors, this device integrates the total strain over the total 
path length; which can be many meters or kilometers, a useful 
feature for monitoring such large structures as aircraft, bridges, 
and buildings. (See page 36). 

Error-Tolerant Quasi-Paraboloidal 
Solar Concentrator 

A solar concentrator with scalloped gores resembling a floppy 
umbrella would be easier to manufacture and to aim at the Sun 
than expensive paraboloidal reflectors. Computer analysis shows 
that the new design attains concentration ratios at least 18 times 
those of comparable paraboloidal reflectors. (See page 62) . 

This symbol appears next 
to technical briefs which 
describe inventions hav­

ing potential commercial applications 
as new products. The process fordevel­
oping a product from a NASA invention 
is described at the top of this page. 
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The "Look and Feel" CAE Users Have Been Looking For 
On- creen Prompt line makes 
it easy to find the feature 
y ou're lookingfor. 

Hierarchical Menus eliminate 
keyboard commands. 

Action Button selects 

Menu Button toggles 
between menu and 
graphics. 

Pan Button Redraws 
screen around 

Command Line displays 
selected function. 

Use Visionics' Super Hi-Res graphics boardfor 
workstation (1284 x 960) graphics on a PC platform, 
or use standard CGA or EGA graphiCS. 

EE Designer III takes 
advantage of a1l3 mouse 
buttonsfor maximum 
operating speed and 
throughput_ 

Introducing EE Designer Ilr" 
The first ergonomic PC-based CAE software system 

The fact is that today's CAE 
software systems have a lot of 
features. The problem is that 
you have to read a huge manual 
or go to a HELP screen to find 
the feature you need. 

Finally, an integrated desktop CAE 
software system with all the features 
you need plus an ergonomic user 
interface that lets you easily find 
and access them. 

EE Designer III combines on-screen 
function prompts with a graphic­
based hierarchical menu structure. 
So whether you're capturing a sche­
matic or Auto-Routing your printed 
circuit board you can always find 
the function you need. 

You 'll be hearing a lot about Visionics' 
EE Designer III in the next few 

At only 3995, no other CAE 
tool can match the features of 
EE Designer III: 

• Supports 2 mb ofUI/M 
EMS memory 

• On-line Netlist Capture 
• Forward and Back-Anno­

tation of Multipage 
Schematics 

• Analog and Digital 
Circuit Simulation 

• Full SMT Suppon 
• 1 mil Grid Resolution 
• 45° Memory Auto­

Routing 

• Fabrication/Assembly 
Drawing suppon 

Circle Reader Action No. 473 

months. Everyone knows that our 
EE DeSigner was the first end-to-end 
CAE tool for under S 1000; now the 
new EE DeSigner III continues 
setting the price-performance 
standard. Isn't it time you found out 
what over 5000 worldwide users 
already know - that the EE Designer 
family of products get the job done. 
The best way to see for yourself just 
how good it feels to make the right 
choice in CAE software is to call 
Visionics today. 

;;f;=;;.-= =-.. ~:; ~=-.::.-= ® .._---_ ... _- -
• ~1tI~VI.~.,1tI 
CORPORATION 

343 Gibraltar Drive 
Sunnyvale, CA 94089 
(408) 745-1551 1·800·553-1177 
Telex: 346352 Fax: (408) 734-9012 



HOW YOU CAN BENEFIT I fyou'rearegularreaderofTECH BRIEFS, then you 're already 
making use of one of the low· and no-cost services provided by 
NASA's Technology Utilization (TU) Network. But a TECH 
BRIEFS subscription represents only a fraction of the technical 
information and applicationslengineering services offered by 
the TU Network as a whole. In fact, when all of the components 
of NASA's Technology Utilization Network are considered, 
TECH BRIEFS represents the proverbial tip of the iceberg. 

FROM NASA's 
TECHNOLOGY 
UTlUZADON 
SERVICES 

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

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

y ou can contact NASA's network of Industrial Applications Centers (lACs) for assistance in solv ing a specific techn ical problem or meet ing your 
information needs. The " user friendly" lACs are staffed by technology transfer experts who provide computerized Information retrieval from one of 

the world's largest banks of techn ical data. Nearly 500 computerized data bases, rang ing from NASA's own data base to Chemical Abstracts and INSPEC, 
are accessible through the ten lACs located throughout the nation. The lACs also offer techn ical consultation services andlor linkage wi th other experts 
in the field. You can obtain more informat ion about these services by calling or writ ing the nearest lAC. User fees are charged for lAC information services. 
A.rospac. R .... rch 
Appllc.tlons 
C.nt.r (ARAC) 
Indianapolis Center for Advanced 
Research 
611 N. Capitol Avenue 
Indianapolis, IN 46204 
Dr. F. Timothy Janis, Director 
(317) 262·5036 
C.ntral Industrial Appllc.tlons 
C.nt.r/NASA (ClAC) 
Rural Enterprises, Inc. 
P.O. Box 1335 
Durant , OK 74702 
Dr. Dickie Deel, Manager 
(405) 924·5094 
North Carolln. Scl.nc. and 
Technology R .... rch C.nt. r 
(NC/STRC) 
Post Off ice Box 12235 

Research Triangle Park, NC 
27709 
H. Glenn Reese, Director 
(919) 549-0671 
NASA Indust ri al Applications 
Ctr. 823 Will iam Pitt Union 
University of Pittsburgh 
Pittsburgh, PA 15260 
Dr. Paul A. McWilliams, 
Exec. Director 
(412) 648·7000 
NASA/South.rn Technology 
Applicat ions Center 
P. O. Box 24 
Progress Ctr., One Progress Blvd. 
Alachua, FL 32615 
J. Ronald Thornton, Director 
(904) 462·3913 
(BOO) 354·4832 (FL only) 
(BOO) 225·0308 (toll ·free US) 

NASA/UK Technology 
Applications Program 
Univers ity of Kentucky 
109 Kinkead Hall 
Lexington, KY 40506'{)057 
William R. Strong, Director 
(606) 257·6322 
NERAC, Inc. 
One Technology Drive 
Tolland, CT 06084 
Dr. Daniel U. Wilde, President 
(203) 872·7000 
Technology Application Center 
(TAC) 
Un ivers ity of New Mexico 
Albuquerque, NM 87131 
Dr. Stanley A. Morain, DIrector 
(505) 277-3622 

NASA Industrial Appllc.tlons 
Center (WESRAC) 
University of Southern Cal i forn ia 
Research Annex 
3716 South Hope Street, Room 
200 
Los Angeles, CA 90007 
Radford G. KIng, Exec. Director 
(213) 743·8988 
(BOO) 642·2872 (CA only) 
(800) 872·7477 (to ll·free US) 
NASA/SU Industr ial Applications 
C. nt.r 
Southern University Department 
of Computer Science 
Baton Rouge, LA 70813·9737 
Dr. John Hubbell, Director 
(504) 771-6272 

If you represent a public sector organization with a particular need, you can contact NASA's Application Team for technology matching and problem solving 
assistance. Staffed by professional engineers from a variety of disciplines, the Appl ication 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 Trlangl. 
P.rk, NC 27709. Doris Rous., O/rtICtor, (919) 541·6980 

How You Can Access Technology Transfer Services At NASA Field Centers: 
Technology Utilization Officers & Patent Counsels-Each NASA Field Center has a Technology Utilization 
Officer (TUO) and a Patent Counsel to facilitate technology transfer between NASA and the private sector. 
I f you need further information about new technologies presented in NASA Tech Briefs, request the Technical Support Package (TSP). lf a TSP is not available, 
you can contact the Technology Utilization Officer at the NASA Field Center that sponsored the research. He can arrange for assistance in applying the 
technology by putting you in touch with the people who developed it. If you want Informat ion about the patent status of a technology or are interested 
In licensing a NASA invention, contact the Patent Counsel at the NASA Field Center that sponsored the research . Refer to the NASA reference number 
at the end of the Tech Brief. 

Am.. R •••• rch Ctr. 
Technology Utilization 
Officer: Laurance Milov 
Mail Code 223·3 
Mof fett Field, CA 94035 
(415) 694·4044 
Patent Counsel: 
Darrell G. Brekke 
Mail Code 200·11 
Moffett Field, CA 94035 
(415) 694·5104 
L. wl . R . . .. rch C.nt.r 
Technology Utilization 
Officer: Daniel G. Soltis 
Mail Stop 7·3 
21000 Brookpark Road 
Cleveland, OH 44135 
(216) 433·5567 
Patent Counsel: 
Gene E. Shook 
Mail Code 301 ·6 
21000 Brookpark Road 
Cleveland , OH 44135 
(216) 433·5753 

John C. Stennis 
Sp.c. Center 
Technology Utilization 
Officer: Robert M. 
Barlow 
Code GA·OO 
Stenn is Space Center, 
MS 39529 
(601) 688·1929 
John F. K.nnedy 
Spec. C.nter 
Technology Utilizat ion 
Officer: Thomas M. 
Hammond 
Mall Stop PT·PMO·A 
Kennedy Space 
Center, FL 32899 
(407) 867·3017 
Patent Counsel: 
James O. Harrell 
Mail Code PT·PAT 
Kennedy Space 
Center, FL 32899 
(407) 867·2544 

Langley Research Ctr. 
Technology Utilization 
Officer: John Sam os 
Mail Stop 139A 
Hampton, VA 23665 
(804) 865·3281 
Patent Counsel: 
George F. Helfrich 
Mail Code 279 
Hampton, VA 23665 
(804) 865·3725 
Goddard Space Flight 
Center 
Technology Utilizat ion 
Officer: Donald S. 
Friedman 
Mail Code 702 
Greenbelt, MD 20771 
(301) 286·6242 
Patent Counsel: 
R. Dennis Marchant 
Mail Code 204 
Greenbelt, MD 20771 
(301 ) 286·7351 

A Shortcut To Software: COSMIC&- For software developed with 
NASA funding, contact COSMIC, NASA's Computer Software Manage· 
ment and Information Center. New and updated programs are announc· 
ed In the Computer Programs sect ion. COSMIC publ ishes an annual 
software catalog. For more Information call or write : COSMI~ 382 
East Broad Street, Athens, GA 30602 John A. Gibson, Dir., (404) 
542·3265 
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Jet Propulsion Lab. 
NASA Resident Office 
Technology Utilization 
Officer: Gordon S. 
Chapman 
Mall Stop 180·801 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354·4849 
Patent Counsel: 
Paul F. McCaul 
Mail Code 180·801 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354·2734 
Technology Ut ilization 
Mgr. for JPL: Norman 
L. Chalfin 
Mail Stop 156·211 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354·2240 

George C. Marshall 
Space Flight Center 
Technology Utilization 
Officer: Ismail Akbay 
Code ATOl 
Marshall Space Flight 
Center, 
AL 35812 
(205) 544·2223 
Patent Counsel: 
Leon D. Wofford, Jr. 
Mail Code CCOl 
Marshall Space Flight 
Center, 
AL 35812 
(205) 544·0024 

Lyndon B. Johnson 
Spac. Center 
Technology Utilization 
Officer: Dean C. Glenn 
Mail Code IC·4 
Houston, TX 77058 
(713) 483·3809 
Patent Counsel: 
Edward K. Fein 
Mail Code AL3 
Houston, TX 77058 
(713) 483·4871 
NASA Headquarters 
Technology Utilization 
Officer: Leonard A. Ault 
Code CU 
Washington, DC 20546 
(202) 453·2119 
Assistant General 
Counsel for Patent 
Matters: Robert F. 
Kempf, Code GP 
Washington , DC 20546 
(202) 453·2424 

If You Have a Question ... NASA Scientific & Technlcallnfor· 
matlon Facility can answer quest ions about NASA's Technology 
Utilization Network and its services and documents. The STI staff sup· 
plies documents and provides referrals . Call , write or use the feedback 
card in th is issue to contact: NASA Scientific andTechnlcallnforma. 
t lon Facility, Technology Uti lization Off ice, P.O. Box 8757, Baltimore, 
MD 21240·0757. Walter M. Heiland, Manager, (301 ) 859·5300, Ext. 242, 
243 
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Redundant Grounding Circuit for Arc Welding 
Arc burns at loose ground connections are prevented. 

Marshall Space Flight Center, 
Alabama 

A protective grounding scheme for an 
arc-welding power supply includes four 
ground leads to the workpiece and a circuit 
that automatically turns off the welding 
current if one or two of these ground leads 
becomes disconnected. The scheme pre­
vents the burns and inadvertent welding 
that can occur where the full welding cur­
rent passes through a single loose ground 
contact. 

The protective circuit is an integral part 
of the welding power-supply control circuit 
(see figure). When the user presses the 
starting switch, power at 117 Vac is applied 
to the master control relay switch MG and 
to the primary windings of transformers T1 
through T3. The transformers are parts of 
power supplies PS1 through PS3, which 
provide 24 Vdc to close control relay 
switches K1 through K3. As long as the 
stopping switch is not pressed and all the 
ground leads remain connected to the 
workpiece, all the relays remain energized, 
and switches K1 through K3 and MG re­
main closed; thus, the welding power sup­
ply remains on. 

In normal operation, the welding current 
on the ground side flows to the workpiece 
through diodes D1 through D4 into ground 
leads 1 through 4, respectively. Each diode 
could carry the full 300-A welding current. 
Each diode is shunted by a radio-frequency 
bypass unit (RFBP), which consists of ca­
pacitors and varistors that carry the radio­
frequency welding current used to start the 
arc. 

480 Vae, 
Th .... Phase 

Power 
In 

Transformer 
480 Vae 

to 
117 Vae 

Welding 
Power 
Supply 

MC 

MC 

MC 

Oulpul to Welding Torch 

Welding Power· 
Supply Ground 

If ground lead 1 becomes disconnected 
from the workpiece during operation, the 
welding and relay currents continue to flow 
in the other leads. But if lead 2, 3, or 4 loses 
contact with the workpiece, the current 
can no longer flow from PS l' PS2, or PS3 to 
relay switch K1, K2, or K3 respectively. In 
that case, the affected switch opens, turn­
ing off the power to all relays, including 
master control switch MG. When MG 
opens, the welding power supply is turned 
off. 

Interlocking Relay Switches turn off the 460-Vac, three-phase input to the welding power 
supply if any of ground leads 2, 3, or 4 becomes disconnected from the workpiece. 

28 

This work was done by Richard K. 
Burley of Rockwell International Corp. for 
Marshall Space Flight Center. For fur-

Update your NASA Tech Briefs qualification form every six months. 

ther information, Orc/e 100 on the TSP Re­
quest Card. 
MFS-29396 
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Meet the NIC-31 O! 
• 2 Differential Input 

Channels 
• 4000 Points Per 

Channel 
• YfforXlYDisplay 
• Display Expansion Up 

Tox60 
• IBM-PC Formatted Disks 
• 12-Bit Resolution 
• Autocycle Mode 
• IEEE-488/RS-232 

Interfaces 

Nicolet Test Instruments Division 

Laboratory Precision in a Portable Package! 
Nicolet introduces the NIC-310, the world's only portable 12-bit 
Digital Oscilloscope featuring either 3.5 or 5.25 inch ffiM-PC 
formatted floppy disk storage. The NIC-310 is ideally suited for 
multiple single shot transient capture using its "Autocyde" mode to 
monitor transients and store up to 88 waveforms on one disk. The 
"Autocyde" mode automatically rearms the NIC-310 for each new 
trigger. Zoom expansion lets you see details you've never seen 
before. Easy to use cursor display permits you to visually set the 
trigger position for pre-trigger data. With the proven reliability of 
Nicolet digital oscilloscopes, the NIC-31 0 offers you a range of 
options that make it one of the most versatile portable instruments 
available. 

For more information call or write: Nicolet 
5225-2 Verona Road, Madison, WI 53711608/273-5008 or 800/356-3090 INSTRUMENTS OF DISCOVERY 
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Why are so many test engineers in 
production and R&D welcoming the 
new Artisan A7000 full range tester? 

Simply put, it's the most versatile tester 
you can use and, when you factor in its 
amazing simplicity, probably the least 
expensive, 

Artisan's A 7000 offers easy configurabil­
ity for prototype test, the speed and 
ease of use required in full scale 

lGC lGC 
POO l POD2 
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r.~ 
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production and traightforward fault 
reporting necessary for field service 
debug. Different problems, different 
environments, different skill levels­
the same tester. 

The A7000 speaks in a language you 'll 
understand. Menus and function keys 
handle all test preparation, execution, 
and evaluation operations. The system 
guides you through every step of testing. 

• 
The evaluation of test results, fault 
reporting, and documentation are taken 
care of automatically. 

The price? A very affordable $45 ,000. 
Low enough to pay for itself in a matter 
of months. 

Training? One on one, at your site, and 
on your board. 

Service? If you have a problem with our 

oRtison~ 

J I j 
. ~( 

product, it's our problem. We'll make 
sure that you're up and running within 
24 hours. 

Artisan's A 7000 Integrated Test 
System. The first tester built to be 
V'll ron/v te"ter 

Call for more information or a personal 
demonstration: (203) 871-7322. 

aRtisan~ 
Artisan Development Corporation 
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Programmable 
Pulser 
The user controls the number of 
clock pulses to prevent burnout. 

Lewis Research Center, 
Cleveland, Ohio 

Sequence Logic 

Counter Done (Low) 

Counter Reset : 

Starting Switch (Low) 

Starting Switch (High) .. 

Clock : 

Reset (High) .. 

Counting, Swltch·Debounclng, 
and Stopping/Resetting Circuits 

= Counter Done (Low) 

... Counter Reeet 

~ StartIng SwItch (low) 

~ StartIng SwItch (High) 

• Clock ~ 

~ Rnet (HIgh) 

A new digital programmable pulser cir­
cuit can provide clock pulses in three for­
mats: freely running, counted, and single 
pulse. It operates at frequencies up to 5 

Figure 1. The Programmable Pulser consists of logic circuits connected to counter, switch­
debouncing, and stopplngfresettlng circuits. 

The &M1D 
Obstacle 
Course 

PERFORMANCE • DESIGN • COST • DELIVERY 

Can AMCO for a FREE INITIAL CONSULTATION and cost 
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MHz, with no special consideration given 
to the layout of components or to termina­
tions. The programmable pulser is an in­
valuable tool for initial verification or 
diagnosis of digital or digitally controlled 
circuitry. 

The programmable pulser (see Figure 1) 
is based on a sequential circuit that has 
four states and a binary counter with ap­
propriate decoding logic. The number of 
programmable pulses can be increased 
beyond 127 by the addition of another 
counter and decoding logic. For very large 
pulse counts and/or very high frequencies, 
synchronous counters could be used in 
plabe of ripple counters to avoid errors 
caused by propagation delays. 

The sequence logic includes the count­
er and decoding circuit illustrated in Figure 
2. An external square-wave generator of 
the desired frequency is connected to the 
input. The user then sets a group of binary­
weighted switches to select the desired 
number of clock pulses. In the configura­
tion shown, the user can program a maxi­
mum of 127 pulses. If the user wants a 
single clock pulse, switch 2 is turned on. To 
obtain six clock pulses, switches 3 and 4 
are turned on. Switch 1 allows the output to 
run freely. 

The starting switch (not shown in Figure 
2) must be pressed before any clock puls­
es will appear on the output. Multiple bursts 
of the programmed clock pulses can be 
obtained by repetitively preSSing the start­
ing switch. Because the sequential circuit 
is synchronous, the starting button must be 
depressed for at least one cycle of the in­
put clock. When the stopping button is 
pressed, clock pulses at the output stop im­
mediately, and the counter resets to zero. 

The clock output is inhibited if an internal 
error occurs. Once an error occurs, the 
user must intervene to reset the circuit and 
reenable the clock output. Resetting is ac­
complished by pressing the stopping but­
ton. If desired, the stopping button can be 
wired in parallel with another circuit that 
turns on the power to ensure that the cir­
cuit is ready for operation. 

The prototype of the circuit was used as 
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ONLYONE MATHEMATICS 
LIBRARY GIVES YOU ACCESS 

TO THE GREAT WORKS 
AND THE BEST SELLERS. 

Only Math Advantage® runs the 
same 260 hard-math subroutines 
on supercomputers, minicomput­
ers, and workstations. Including 
Cray:" Cyber:M mM ™ Vector 
Facility n. VAX ™ Apollo TO' Sun ". 
IBM PG.A:f:" ~d more. 'Only Math 
Advantage is optimized for so many 
high-performance systems, and is 0 
compatible. 

The Math Advantage library 
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can develop on a workstation and 
execute on a supercomputer, with no 
recoding. And enjoy a single, con-
istent user interface. 

Math Advantage is optimized 
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tectures. It 's de igned for high­
performance applications-signal, 
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Figure 2. The Counter and Decoding Circuit includes binary·weighted switches that are thrown to select the number of clock pulses to be 
counted. 

the master clock in a 2(}kHz resonant in­
verter. With the pulser working in the count­
ed-pulse mode, current and voltage anom­
alies in the inverter were detected without 

causing burnout of the components of the 
power circuitry during testing. 

Merolla of Sverdrup Technology Inc. For 
further information, Qrcle 75 on the TSP 
Request Card. This work was done by Eric Baumann of 

Lewis Research Center and Anthony LEW-14585 

TEAC ANNOUNCES 
A SMALL IMPROVEMENT 

IN DATARECORDER5. 
Introducing the world's smallest digital audio tape instru­

mentation recorders_ The TEAC RD-100T and RD-ll0T. 
Now the economy and quality signal of DAT recording is 

available in a single, compact, portable data recorder. 
AlC-D/C power makes our data recorders ideal for field use. 

DAT tape cassettes provide up to two hours of continuous 
recording time, with a full-range frequency response of 
DC-20kHz. And, with digital recording, the tape speed 
remains constant at all frequencies. 

Q1988 

In addition, the signal-to-noise ratio of DAT recording is 
unsurpassed. The RD-100T is switchable from 2 to 4-channel 
recording, while the RD-ll0T provides 8 channels of recording, 
plus one memo/voice channel With TEAC portable DAT 
recorders, the future of data recording is well in hand. 

For the most complete line of data recorders available, call us 
at (213) 726-0303, or call your local TEAC rep. 

TEAC Corporation of America, 7733 Telegraph 
Road, Montebello, CA 90640. 

TEACe 
Instrumentation and Computer 

Products Division 
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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. 

Photogrammetry of a Parabolic Antenna 
The surface is measured with an accuracy better 
than 10-5 times the diameter. 

A report describes the use of advanced close-range 
photogrammetry to determine the deviations of a 34-m-diameter 
antenna main reflector and its subreflector from their nominal 
paraboloidal shapes. These measurements enabled the removal 
of linear offsets and angular misalignments of the subreflector, 
with a consequent increase of 4 percent in the aperture efficiency. 

Adhesive-backed retroreflective targets 1 cm in diameter were 
installed on the two antenna reflectors. Back-ta-back target pairs 
were also installed on brackets attached to the edge of the 
subreflector so that the photogrammetric determinations of the 
main reflector and the subreflector could be tied together: this is 
claimed to be the first use of back-ta-back retroreflectors for such 
a purpose. A targeted 30-m low-expansion nickel/cast-iron alloy 
tape marked with targets was installed across the face of the main 
reflector to set the absolute scale. 

A precise mobile photog ram metric camera was used to take 
pictures of the targets . Within each of 4 coordinate networks 
relative to the face of the antenna, the camera was placed at 6 to 
1 0 positions chosen by a computerized optimization procedure 
to minimize the triangulation errors in the measured target coor­
dinates. The photography required less than 1 hour in each coor­
dinate network. The photographs were taken at night, using 
stroboscopic illumination, to avoid the thermal expansion of the 
antenna that would be caused by Sunlight. When each 
photograph was taken, the camera simultaneously recorded 
25 calibration marks across the film to enable corrections for 
stretching or shrinkage of the film during the development pro­
cess and subsequent examination. 

The photographs were read automatically by a digitizer, which 
recorded the coordinates of the target images and film-calibration 
marks in the reference frames of the photographs. These coor­
dinates were processed through a series of computer programs, 
which performed rigorous, simultaneous least-squares triangula­
tions to determine the relative positions and uncertainties in posi­
tions of the targets. The mean standard deviations in the axial 
coordinates were 0.033 mm for the subreflector and 0.132 mm 
for the main reflector. These values represent an accuracy of 
about 1/260,000 of the antenna diameter. 

The least-squares best-fit paraboloid was found for each anten­
na surface, then used to establish a Cartesian reference frame 
for the photogrammetric target coordinates. The apexes of the 
best-fit and design paraboloids were brought into coincidence; 
then the individual axial deviation of each target was taken as its 
best-fit axial coordinate minus the axial coordinate of the design 
paraboloid at the same radial coordinate. Plots of individual ax­
ial deviations and root-mean-square surface tolerances were 
computed. Because measurements were taken at two antenna 
tilt angles, these plots made it possible to quantify the change of 
antenna shape due to graVitation . 

This work was done by W. D. Merrick, F. L. LanSing, F. W. 
Stoller, and V. B. Lobb of Caltech for NASA's Jet Propulsion 
Laboratory. To obtain a copy of the report, "Precision 
Photogrammetric Measurements of NASA-JPL 34-m Antenna 
Reflectors, .. Circle 73 on the TSP Request Card. 

Inquiries concerning rights for the commercial use of this inven­
tion should be addressed to the Patent Counsel, NASA Resident 
Office-JPL [see page 26]. Refer to NP0-17088. 
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Noncontacting Inspection Heads for Robots 
... ~ A compact end effector would contain sensors. 

Marshall Space Flight Center, 
Alabama 

0 0 A proposed compact assembly for the 
hand of a robot would include a group of 
sensors to monitor internal conditions of 
such complex equipment as turbines, 
pumps, motors, and generators. The in· 
spection head (see figure) could include 
sensors; for example, pyrometers, isotope 
wear analyzers, spectrometers, and inter­
ferometers. Such conditions as overheat· 
ing of turbines, wear of ball bearings and 
seals, erosion of blades and impellers, 
leakage of joints, and deformations of 
housings, could be monitored without dis­
assembly or shutdown. In contrast, current 
robots equipped with no more than vision 
or range-measurement systems cannot 
perform such inspections. 
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= Pyrometer 
= Spectrometer 
= Extensometer 
= Flaw Detector 
= Vlbrometer 

W = Wear Analyzer 
L = Leak Detector 
C = Digital Camera 
R = Sonar Ranger 
D = Dimension Mapper 
o = Other 

The proposed inspection head could be 
used in typical robot applications, including 
hazardous environments or assembly 
lines. Fiber-optic cables would be used to 
transmit sensor signals to an optoelec­
tronic interface for conversion to electrical 
signals suitable for computer processing. 
The computer could be programmed to 

A Remote Inspection Head for robots would include a variety of sensors housed in a com­
pact assembly. Signals from the sensors would be transmitted via fiber-optic cables to an 
electro-optical interface, converted to electrical signals, and sent to a computer for proc­
essing. 

monitor changes, signal abnormal condi­
tions, or prepare maintenance instruc­
tions. 

This work was done by Sarkis 

Radio-Frequency Strain Monitor 

Barkhoudarian of Rockwell International 
Corp. for Marshall Space Aight Center. 
No further documentation is available. 
MFS-29292 

~~ This device measures the overall change in the length of a structural elre_m_e_n_t. ________ --, 

Langley Research Center, Hampton, Virginia 

The radio-frequency (RF) strain monitor of the system locks only to fixed points that 
was developed to measure the lengths of correspond to goo phase shift, such that 
objects. An RF waveguide or cable is bond- the total phase delay around the feedback 
ed to the structure to be monitored. The loop is (2m + 1/2)n (where m is a positive 
propagation of an RF signal along the integer). 
waveguide results in a phase shift propor- The path length is found by the differ-
tional to the length of the path traveled. ence At in frequency between the lock 

The RF signal (see Figure 1) originates in points; for example 
a voltage-controlled oscillator and is At = fm - fm ± 1 

coupled to the waveguide or RF cable. The where f m corresponds to the mth lock 
phase delay in the path is measured in a point: At = cll, where c is the speed of 
signal mixer, and the phase signal is ex- propagation and 1 is the path length. 
tracted by a low-pass filter. The output of Changes in length of the propagation path 
the mixer is integrated, conditioned, and are determined by noting that MrrI'm = 
used in the feedback loop. The frequency - M IL (see Figure 2). Unlike other strain 

36 Update your NASA Tech Briefs qualification form every six months. 

Voltage-Controlled t----,,-+t 
Oscillator 

Figure 1. The Difference Between Lock Fre­
quencies of a vo ltage-controlled oscillator 
is a measure of the length of the waveguide 
or cable. 
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Thomson Saginaw ball screw actuators: 
Reliability in the sky. 

From our first wing flap application to today's 
most sophisticated aircraft, our ball screw assemblies 
have logged more air miles than any other linear 
actuator. 

Today, Thomson Saginaw is the new name for 
high-efficiency linear actuators for aviation and aero­
space - products formerly manufactured by the 
Actuator Products Group, Saginaw Division, General 
Motors Corporation. 

Our extensive in-house design, manufacturing, 
and materials testing capabilities assure you of the 
most reliable product from a single, cost-effective 
source. And every ball screw assembly is backed by 
decades of engineering expertise - dating back to 
the legendary "Flying Fortress." 

Since 1941, we've remained on the leading 
edge of technology - and the "Saginaw" name has 
become synonymous with high performance, high 
quality ball screw products. We welcome your 
inquiries. For a copy of our new brochure - and for 

expert aircraft actuator application assistance - call 
us at (517) 776-4123. Or write Thomson Saginaw Ball 
Screw Company, Inc., Box 9550, Saginaw, MI 48608. 
Telex: 71425543. Fax: (517) 776-3632. 

THOIfIISON SAGINAW 
First in Linear Actuator Technology 

Circle Re.der Action No. 573 



The complex world of 
microprocessor development 

just got simpler. 

Software development 
tools, including source 
and symbolic level 
debuggers. 

As the challenges of developing and 
debugging embedded microprocessor 
designs becomes more and more com­
plex, you need the best development 
tools possible. 

And nobody offers you higher relia­
bility, better performance or a quicker way 
to develop and debug your 8, 16 or 32-bit 
systems than Applied Microsystems. 

Our em ulators, for example, can be 
controlled from the host computer you 
work with (VAX, Sun, Apollo, IBM PC or 
compatible). Your target system will run 
exactly as if its microprocessor were in 
place. And you'll get a clear picture of 
your design and how it interfaces with 
interrupts, clocks and the flow of software. 

Our emulators are designed to work 
with easy-to-use VALIDATE software to 
give you powerful source level or sym­
bolic debugging capabilities. You also get 
our powerful Event Monitor System, a 
hierarchical, real-time breakpoint and 
triggering system. 

The list of benefits goes on and on; 
but the end result is a faster, easier and 
more accurate approach to developing, 
debugging and integrating your design. 

To find out more, write Applied 
Microsystems Corporation, P. O. Box 
97002, Redmond, Washington, USA 
98073-9702. Or call (800) 426-3925, 
in WA call (206) 882-2000. 

In Europe contact Applied MiCl'OS)lStems 
Corporation Ltd., Chiltem Court, High Street, V&ndover, 
Aylesbury, Bucks, HP22 6EP. United Kingdom. 
Telephone 44-{O)-29&625462. 
AMC.230 
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Applied 
Microsystems 
Corporation 
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sensors, this device integrates the total 
strain over the total path length, which can 
be many meters or kilometers. 

Additionally, impedance mismatches 
could be placed in the RF cable at nodes of 
the structure. Then the RF signal would re­
cord these mismatches and be able to de­
tect not only the overall length of the line 
but also the lengths of the intervals be­
tween nodes. This capability could be used 
to detect changes in elements of a large 
structure with a single cable. The RF strain 
monitor has potential for many applica­
tions, including monitoring the stability of 

~r-----------------------~ 
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Figure 2. The Change In Frequency is well 
correlated with the strain In these measure­
ments. 

such large structures as aircraft, bridges, 
and buildings in Earthquake zones. 

This work was done by Joseph S. 
Heyman and Robert S. Rogowski of lang­
ley Research Center and Milford S. 
Holben, Jr. , of PRC Kentron, Inc. No further 
documentation is available. 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent 
Counsel, Langley Research Center [see 
page 26]. Refer to LAR-13705. 

Topographical Mapping With Synthetic-Aperture Radar 
Interferometry assists in locating image pOints. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
Interferometric side-looking synthetic­

aperture radar shows promise for high-res­
olution topographical mapping of terrain. 
While the radar-mapping technique is not 
yet competitive with conventional stereo­
scopic aerial photography, theoretically it 
has the potential to attain a root-mean­
square (rms) altitude error as small as 2 m. 

The mapping airplane carries two radar 
antennas (see figure). The radar signal is 
transmitted by the right antenna, and the 
signal reflected from the ground is re­
ceived by both antennas. Both the ampli­
tudes and the phases of the received 

signals are recorded and processed sepa­
rately to yield two 1D-m-resolution ampli­
tude-and-phase images of the illuminated 
terrain. The two images are then mathe­
matically combined point by point to obtain 
a single image containing interference 
fringes: the phase at each location of the 
image is the difference between the 
phases in the two signals, and the ampli­
tude at each location is the product of the 
amplitudes of the two signals. 

The resolution of the slant range, Q, pro­
vided by the radar pulses is about 7.5 m. 
Within the slant-range resolution, Q is inde-

Using Both Antennas to receive the echo of the signal transmitted by one of the antennas, 
the synthetic-aperture radar system generates an interferometric map that increases the 
precision of the final topographical map of the terrain. 
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terminate, although the distance Q-Q' can 
be determined within about 1 cm from the 
interferometric data. The vertical distance 
from the antennas to the ground is ob­
tained from simple trigonometric identities. 
The combination of geometry and interfer­
ometry results in an equation for the verti­
cal distance from the antennas to the 0b­
served point on the ground as a function of 
the slant height, the phase difference in the 
interferogram, the distance between an­
tennas, the wavelength of the radar signal , 
and the roll angle of the airplane. 

The computed relative altitude is com­
bined with the along-track and slant-range 
measurements to infer the three-dimen­
sionallocation of each observed point. The 
data are then transformed to standard, 
mutually perpendicular coordinates to ob­
tain the familiar form of an altitude-contour 
map on square horizontal coordinates. The 
original radar-brightness map can be recti­
fied and interpolated, using the same 
height data, with the result that the radar 
brightness and the topography are coordi­
nated in position. This aids the interpreta­
tion of the radar-brightness data, facilitat­
ing the decoupling of local topographical 
features from other factors that contribute 
to the radar reflectivity. 

The technique was tested by the use of 
a CY-990 airplane to map 11- by 10 -km 
regions on the California coast, sampled 
on a grid of 11-m picture elements. The 
total of relative rms errors over land areas 
due to various limitations on the equipment 
was about 6 m. Systematic errors in the 
knowledge of the aircraft attitude may be 
responsible for a global rms error of 20 m. 
Measurements over the ocean yielded rms 
variations of 2 to 10 m, which are consist­
ent with the theoretical value. 

This work was done by Howard A. 
Zebker and Richard M. Goldstein of Cal­
tech for NASA's Jet Propulsion labora­
tory. For further information, Circle 29 on 
the TSP Request Card. NPO-16665 
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Sonic Simulation of Near Projectile Hits 
Measured frequencies would identify projectiles and indicate miss distances. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A developmental battlefield-simulation 

system for the training of soldiers would 
use the sounds emitted by incoming pro­
jectiles to identify the projectiles and in­
dicate the miss distances. Depending on 
the projectile type and the closeness of 
each hit, the system would generate a 
"kill" or "near-kill" indication. With modifi­
cations, the system concept may be appli­
cable to collision-warning or collision­
avoidance systems. 

An artillery shell is simulated by a 
lightweight plastic projectile launched by 
compressed air. The flow of air through a 
groove in the nose of the projectile gener­
ates an acoustic tone. Each participant in 
the training exercise carries an audio re­
ceiver that measures and processes the 
tone Signal. When fully developed, the sys-

, 
'" / Trajectory 

Projectile 

tem would perform fast Fourier transforms 
of the received tone to obtain the dominant 
frequency during each succeeding interval 
of approximately 40 ms (an interval deter­
mined from practical signal-processing re­
quirements). 

From the frequency-versus-time infor­
mation, the system would extract the rest 
frequency (the tone frequency in the frame 
of reference of the projectile); because a 
different frequency is assigned to each 
type of weapon, this frequency would be 
used to identify the prOjectile. The fre­
quency-versus-time information would 
also be processed to obtain the miss dis­
tance by the use of the known dependence 
of the Doppler-shifted rest frequency of the 
received signal on the time, the miss dis­
tance, and the speed of the projectile (see 
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figure). 
An algorithm has been developed to 0b­

tain the desired information by electronic 
"template matching": the system tries to 
match the actual frequency-versus-time 
data to one after another of the sets of 
relative-frequency-versus-time data stored 
in memory for each of many combinations 
of the miss distance and the number of 
sampling intervals. The rest frequency is 
computed as a weighted sum of the meas­
ured frequencies with a weighting function 
calculated from the selected relative­
frequency-versus-tlme set. 

This work was done by J. I. Statman and 
E. R. Rodemich of CaJtech for NASA's Jet 
Propulsion Laboratory. For further infor­
mation, Circle 107 on the TSP Request 
Card. NPO-16943 
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The Frequency of the Tone measured by the receiver undergoes a Doppler shift that varies with time as a projectile emitting the tone passes 
near the observer. To compute the curves shown here, the projectile was taken to be traveling on a slanted straight line at constant speed. 

Analog/Digital System for Germanium Thermometer 
Four-wire measurements of resistance are made with 1-",A excitation in the presence of noise. 

Goddard Space Flight Center, Greenbelt, Maryland 
An electronic system containing analog 

and digital circuits (see figure) makes high­
precision, four-wire measurements of the 
resistance of each germanium resistance 
thermometer (GAT) in an array of such de­
vices, using an alternating current (ac) of 
1 ,A The circuit is designed to operate in 
the presence of the electronic noise en­
countered in the Space Shuttle cargo bay. 
It may also be useful in noisy terrestrial en-
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vironments like those encountered in fac­
tories. 

A crystal oscillator provides the basic 
timing for the system. A counter chain 
counts the oscillator frequency down to 
about 32 Hz. The outputs of the counter 
are used to form an address to a pair of 
programmable read-only memories 
(PROM's), in which a 16-bit sine wave is 
encoded. The outputs of the PROM's are 

converted to an analog signal by a digital­
to-analog converter. The analog Sine wave 
controls a 1-,..A-peak, high-compliance, 
balanced current source. 

The resulting differential current is multi­
plexed out through low-leakage analog 
multiplexers to a selected GRT. The ac 
voltage on the GRT caused by this current 
is multiplexed back to a high-common­
mode-rejection instrumentation amplifier 
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This Analog/Digital System measures resistance of germanium resistance thermometers with 16-blt preciSion using only 1.,.,A excitation In 
the presence of noise. 

with a gain on the order of several hundred. 
The bandwidth of the preamplifier is limited 
to the minimum necessary to pass the 
signal unattenuated. The high-level ampli­
fied signal plus noise is digitized to 16 bits 
at nearly the maximum rate of the analog­
tooigital (AID) converter, about 10 kHz. 
The analog section operates in ac mode, 
eliminating offset, bias, differential linearity, 
and missing-code errors. 

These samples are read in by a very 
compact microprocessor system with a 
clock rate of about 1 MHz. Because the 

timing of the outgOing Signal is known pre­
cisely, a synchronous demodulation is 
easily implemented by summing readings 
from the positive half cycle to one register 
and readings from the negative half cycle 
to another. A smoothing window may be 
applied to the data at this point. This proc­
ess is illustrated symbolically with a relay in 
the figure but is implemented totally in soft­
ware, thereby eliminating the errors as­
sociated with the chqlper and the averag­
ing capacitors. 

At the end of the measurement interval, 

Fault-Tolerant Local-Area Network 

the contents of the negative register are 
subtracted from those of the positive one, 
resulting in a very-narrow-band synchro­
nous demodulation of the carrier wave and 
suppression of the out-of-band noise. The 
microprocessor is free to perform other 
duties after the measurement is complete. 

This work was done by Christopher 
Woodhouse of Goddard Space Right 
Center. No further documentation is avail­
able. 
GSC-13149 

A concept offers monitoring and control features as well as high reliability. 

NASA 's Jet Propulsion Laboratory, Pasadena, California 
A proposed redundant local-area net­

work (LAN) for computers would prevent a 
single-point failure from interrupting com­
munication between nodes of the network. 
The network would monitor and control it­
self, automatically route traffic for the effi­
cient use of resources, and isolate and cor­
rect its own faults, with a potential dramatic 
reduction in time out of service. 

The network would include two com­
plete cables, LAN 1 and LAN 2 (see figure). 
Microprocessor-based slave switches 
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would link the cables to such network-node 
devices as work stations, print servers, and 
file servers. The slave switches would re­
spond to commands from a master switch, 
connecting their nodes to either of the two 
cable networks or disconnecting them so 
that they are completely isolated. The 
system monitor and control computer 
(SMC) would act as a gateway, allowing 
nodes on either cable to communicate 
with each other and ensuring that LAN 1 
and LAN 2 are fully used when both are 

functioning properly. 
The SMC would poll each node for a 

status word. If a node device responded, 
the SMC would go to the next node. If the 
polled machine did not respond, the SMC 
would switch it to the other LAN and poll it 
again. If the machine were still silent, the 
SMC would verify that the LAN switching 
mechanism stili worked by switching 
another machine, known to be healthy, to 
the other LAN and polling it. 

If switching were verified, the SMC 
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Redundant Local-Area Networks, LAN 1 and LAN 2, provide alternative paths for communication between nodes_ Because the system uses 
an error-correcting protocol (such as TCPIlp), no data are lost during switching_ 

would conclude that the machine in ques- switch was not functioning properly and 
tion had failed. The SMC would isolate the alert the operator. Meanwhile, the network 
machine by putting its slave switch in would continue to function. 
neutral. The SMC would display a warning Failures of the network or of switching 
message for the system operator. devices would not be catastrophic. Unaf-

If the SMC concluded that the slave fected nodes would still be able to com-
switch did not work, it would display a municate. M. all times, the SMC would gra-
warning of this condition. The operator phically depict the current LAN configura-
could then use an override switch to con- tion by showing what machine is on what 
nect the node manually to a LAN. LAN on the operator's console. It would 

If, after switching several nodes, the also display throughput statistics for both 
SMC found that none of the nodes were networks. 
working, it would conclude that the master This work was done by Sergio Morales 

and Gary L. Friedman of Caltech for 
NASA's Jet Propulsion Laboratory. For 
further information, Circle 111 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 26}. Refer to NPO-16949. 

Two-Dimensional Systolic Array for Kalman-Filter Computing 
A simplified algorithm enables real-time Kalman filtering_ 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A novel two-dimensional, systolic-array, 

parallel data processor performs Kalman 
filtering in real time. The Kalman-filter algo­
rithm is rearranged to be a Faddeev algo­
rithm for generalized signal proceSSing, 
and the Faddeev algorithm is mapped onto 
a very-large-scale integrated-circuit (VLSI) 
chip in a two-dimensional, regular, simple, 
and expandable array of concurrent proc­
essing cells. The processor can also do 
matrixivector-based algebraic computa­
tions. Possible applications include the 
adaptive control of robots, remote manipu­
lators and flexible structures and the proc­
essing of radar signals to track targets. 

The Kalman filter requires matrixivector 
operations. Among these, matrix Inversion 
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is the most difficult to implement with 
speed and accuracy. The Faddeevalgo­
rithm has been suggested as a universal al­
gorithm for various matrix manipulations 
due to the fact that it is easily systematized 
for matrix calculations and maps easily in­
to a concurrent systolic array. It is natural 
to arrange Kalman-filter algorithms into 
forms of the Faddeev algorithm to maxi­
mize the capabilities of equipment in sys­
tolic arrays. 

Kalman filters have been shown to be 
optimal linear estimators in the least­
squares sense for the estimation of the dy­
namic states of linear systems. A Kalman 
filter updates the state estimation based on 
prior estimates and observed measure-

ments. It consists of the model of the 
dynamic process, which performs the 
function of prediction, and a feedback cor­
rection scheme. The measurements can 
be processed as they occur, and there is 
no need to store any measurement data. 
However, all the associated matrices that 
describe the dynamics of the system, the 
measurement system, and the noise are 
assumed to be known. The conventional 
discrete time-varying Kalman-filtering 
process involves the propagation of state 
estimates and error-convariance matrices 
from each time sample to the next time 
sample. 

The Faddeev algorithm is simple be­
cause it does not require the direct compu­
tation of the matrix inverse. It is necessary 
only to annul the last row. The solution in­
volves triangularization, a numerically sta­
ble procedure, combined with an equally-
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A Square Array of Processors emerges directly from the application of the Faddeev algo­
rithm to the Kalman-filter problem_ 
stable Gaussian elimination procedure. 
One of the important features of this algo­
rithm is that it avoids the usual back substi­
tution or solution to the triangular linear 
system and obtains the values of the un­
knowns directly at the end of the forward 
course of the computation, resulting in a 
considerable saving in added processing 
and storage. 

In the new algorithm, computations are 
cyclically propagated through an ordered 
set of eight passes. New data can be shift­
ed into the array from the top, row by row 
as the calculation proceeds, so that there 
need be no delay in starting the next matrix 
computation. The results (in the lower right 
quadrant) of each pass must be stored and 
used in later passes as new entries. The 
square processor arrangement for both 
triangularization and annulling steps is 
shown in the figure. However, to compute 
all eight passes, the size of the processor is 
2n cells (row) by 2n cells (column). 

Quantile Vocoder 

It is desirable to have a processor of 
fixed size to handle all eight passes. How­
ever, the size of the matrix/vector varies 
from pass to pass. By padding zeros in ap­
propriate places, the 2n cells (row) by 2n 
cells (column) become the proper size for 
implementing Kalman filters. By the use of 
the fixed-size 2n-by-2n processor arrays, 
the state estimate can be updated in each 
16n time units (assuming that it takes 1 
time unit to manipulate data in a cell). 

This work was done by Jaw John Chang 
of Caltech and Hen-Geul Yeh of California 
State University for NASA's Jet Propul· 
slon laboratory. For further information, 
Circle 116 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,",PL [see 
page 26]. Refer to NPO-17108. 

Parameters of the spectral envelope are obtained statistically. 

NASA 's Jet Propulsion Laboratory, Pasadena, California 
An algorithm for the digital compression 

of speech signals encodes the power 

NASA Tech Briefs, October 1988 

spectral density of each short interval of 
speech by the use of quantiles or order 
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statistics. The purpose ·of this and other 
speech-compression algorithms is to re­
duce the bit rate and therefore the band­
width required for transmission. When fully 
developed, the quantile vocoder - the 
speech-encoding system based on the 
new algorithm - is expected to be only 
moderately complicated in comparison 
with other speech-encoding systems and 
to reproduce high-quality speech from 
code transmitted at relatively low bit rates. 

The speech signal is treated mathemati­
cally as though its amplitude spectrum 
were stationary during the short coding in­
tervals, called "windows." Each window 
has a duration of 20 to 35 ms, chosen as a 
compromise between frequency resolu­
tion and time resolution. During each win­
doN, the short-time amplitude and power 
spectra are found by sampling at a high 
rate (typically 10 kHz) and taking fast 
Fourier transforms (FFT's). 

The short-time power spectrum is char­
acterized in part by a spectral envelope 
that represents the frequency response of 
the vocal tract and the spectrum of the 
glottal pulse for voiced speech. The per­
ceptually important features of this enve­
lope are the peaks, which correspond to 
the formants or resonances of the vocal 
tract. The short-time power spectrum is 
also characterized by a fine structure, 
largely due to excitation. 

The algorithm uses quantiles of the 
cumulative power spectral density (see 
figure) to estimate the parameters of the 
spectral envelope during each window. 
The first step is to approximate the portion 
of the envelope in every interquantile range 
by a constant equal to the average power 
in that range. The flat spectral density is 
then smoothed by fitting an autoregressive 
or all-pole mathematical model. 

The shape of the envelope near the for­
mants can be encoded by careful choice 
of the quantiles and quantile orders. The 
process is accomplished with the help of 
preemphasis (preferential amplification of 
higher frequencies). The entire frequency 
range is split into subbands, within which a 
fixed number of quantiles is chosen. These 
measures assure that the perceptually 
relevant features in each subband will be 
encoded. In addition, the amplitude spec­
tral density is used to decrease the dy­
namic range near the formants to reveal 
more detail about those portions of the 
spectrum. 

The spectral fine structure is represent­
ed by the parameters of a mathematical 
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0.5 

o 
Frequency 

The Power Spectral Density and the cumulative spectral power density (normalized to 1) are 
approximated and quantized to reduce the bit rate for transmission of the Signal. 

model of multipulse excitation in cascade 
with a mathematical pitch-predicting 
model. Quantization and encoding for 
transmission are accomplished via param­
eters for the quantiles, quantile orders, 
locations and amplitudes of excitation 
pulses, parameters of the pitch-predicting 
model, and a gain term. 

The quantile vocoder has been tested 
by simulation in software at 4.8, 9.6, 16, 

and 24 Kb/s. f.s judged subjectively by 
listeners, the system reproduced speech 
fairly well at the higher bit rates. Further 
development will be needed to attain satis­
factory performance at the lower bit rates. 

This work was done by Kumar 
Swaminathan of Caltech for NASA's Jet 
PropulSion Laboratory. For further infor­
mation, Orc/e 72 on the TSP Request Card. 
NPO-16829 

Optical Recognition and Tracking of Objects 
Separate objects moving independently are tracked simultaneously. 

NA SA 's Jet Propulsion Laboratory, Pasadena, California 
An experimental optical image-proces­

sing system has been used to demonstrate 
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the simultaneous recognition and tracking 
of independently moving objects. The sys-

tem uses coherent optical techniques to 
obtain the correlation between each object 
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Figure 1. This Real-Time Image-Processing System relies on holographic optical techniques 
to recognize and track several independently moving objects. 

and its reference image. Although the 
demonstration involved only three objects, 
in theory, the capacity of the system can be 
expanded to enable the tracking of hun­
dreds of objects. 

The principle of operation is illustrated in 
Rgure 1. The scene containin(l the moving 
objects is monitored by a cha 'ge-coupled­
device television camera, tbe output of 
which is fed to a liquid-crystal television 
(LCTV) display. Acting as a spatial light 
modulator, the LCTV impresses the im­
ages ()f the moving objects on a collimated 
laser beam. The beam is spatially low-pass 
filtered to remove the high-spatial-fre­
quency television grid pattern. 

An N-by-N multifocus hololens process­
es the image-modulated, spatially filtered 
laser beam to generate an N-by-N array of 
Fourier spectra of the image. These spec­
tra are used to address simultaneously 
an array of prefabricated holographic 
matched spatial filters. (During the syn­
thesis of these filters, a linearly shifted, 
coded reference laser beam can be used 
to separate spatially the output correlation 
planes associated with each filter. There­
fore, each object can be tracked and 
recognized in real time.) The output cor­
relation peaks are picked up by an array of 
charge-coupled-device detectors. An 0b­
ject is considered to be identified and locat­
ed where its correlation peak exceeds a 
specified threshold amplitude. 

For the demonstration, a commercial 
LCTV screen was submerged in a liquid 
gate filled with insulating mineral oil to 
reduce nonuniformity of phase. A 3-by-3 
hololens was formed in dichromated gela­
tin. For simplicity, a column of 3-by-3 
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Figure 2. The Positions of Three Objects 
are indicated by the locations of peaks in 
the Signals of correlations of their images 
with reference Images incorporated in 
matched spatial filters. 

matched spatial filters was synthesized to 
track the motions of three toy cars. The 
matched spatial filters were recorded by 
use of a thermoplastic plate for high effi­
ciency of diffraction and ease of proces­
sing. Figure 2 shows the correlation peaks 
of the three cars. 

This work was done by Tien-Hsin Chao 
and Hua-Kuang Uu of Caltech for NASA's 
Jet Propulsion Laboratory. For further in­
formation, Orcle 118 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 26). Refer to NPO-17139. 
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Rain-Mapping Radar 
Rates of precipitation would be measured over large areas . 

NASA 's Jet Propulsion Laboratory, Pasadena, California 
A proposed orbiting radar system would 

measure rates of rainfall from 0.5 to 60 
mmlh. The accumulated radar return sig­
nals would be processed into global maps 
of monthly average rainfall for use in cli­
matological studies. 

Radar waves are scattered and ab­
sorbed by rainfall to extents that depend on 
the wavelength, the polarization, the rate of 
rainfall, and the distribution of sizes and 
shapes of raindrops. The backscattered 
radar signal as a function of the length of 
the path through the rain can be used to in­
fer detailed information about the rain . 

The proposed system would take meas­
urements at frequencies of 14 and 24 GHz. 
Because of the relatively small absorption 
by rain at 14 GHz, this frequency would be 
used to measure moderately heavy to 
heavy rain . Because the radar reflectivity 
of light rain is stronger at 24 GHz, this fre­
quency would be used to measure the low­
er rates of rainfall. 

To avoid ambiguity in range, the trans­
mitted pulse length would be 80 ,.,s, and the 
pulse-repetition frequency would be about 
3.5 kHz. The use of a pulse-compression 
technique and a pulse bandwidth of 4 MHz 
result in an intrinsic range resolution of 
37.5 m. With the given pulse-repetition fre-

300km 

quency, the echoes from pulse to pulse 
would be statistically independent of the 
fluctuation, enabling the reduction of the 
average power. The net range resolution 
after the averaging of independent echo 
samples would be 250 m. During the silent 
period after each echo measurement and 
before the transmission of the next pulse, 
the received noise would be measured to 
compile estimates of the noise power of 
the system. 

The range resolution would provide in­
formation on the vertical variability of rain­
fall. From a height of about 300 km, the 
radar would scan electronically across the 
track on the ground (see figure) in a swath 
200 km wide with a horizontal resolution of 
4 km during 90 percent of the time. During 
the remaining 10 percent of the time, the 
swath would be widened to 600 km (with a 
consequent loss in both vertical and hori­
zontal resolution) to obtain supplemental 
data that aid in the distinction between 
water suspended in clouds and the rainfall. 

The expected performance of the sys­
tem was estimated via an equation that ex­
presses the signal-to-noise ratio of the 
radar echo from the raindrops in terms of 
the peak transmitted power, various pa­
rameters of the equipment, the distance to 

Direction 
of Motion 

Radar 
Beam 

Scanning Across a Swath 200 km wide, the radar would move along a track to produce a 
global map of the rate of rainfall. 
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the measured position, the radar reflectivi­
ty of the raindrops, and the attenuation of 
the signal along the signal path. The reflec­
tivity and attenuation are approximated by 
empirical equations that relate them to 
rates of rainfall. It appears that the meas­
urements at 14 GHz can attain accuracies 
better than 10 percent for rates of rainfall 
from 0.5 to 50 mmlh. However, because of 
strong attenuation at higher rates, the ac-

curacies of measurements at 24 GHz are 
expected to deteriorate with increases in 
the depth of penetration. 

This work was done by K. E. 1m, F. K. U, 
W J. Wilson, and D. Rosing of Ca/tech for 
NASA's Jet Propulsion Laboratory. For 
further information, Circle 140 on the TSP 
Request card. 
NPO-17248 

System Turns SAR Images Into Maps 
Manual registration with known geographical 
features is unnecessary. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A postprocessing system for synthetic­
aperture radar (SAR) transforms raw im­
ages from the natural rotated and distorted 
SAR reference frame into geocoded im­
ages; that is, images oriented and regis­
tered with geographical coordinates in a 
universal transverse Mercator, polar ster­
eographic, or other standard map pro­
jection. The geocoded images are auto­
matically corrected to remove slant-range 
nonlinearities and Doppler skew. The sys­
tem can produce multiple-frame mosaics 
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Figure 1. Ephemeris Data of the radar plat­
form plus radar-signal and processing pa­
rameters are used to transform the raw 
SAR image into a geocoded map. 
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Figure 2. The Postprocessing Equipment 
operates in conjunction with other ele­
ments of an SAR digital processor. The 
postprocessing equipment is shared with 
the SAR correlator. 

for large-scale mapping. Unlike previous 
systems, this one does not require the tedi­
ous manual registration of representative 
"tie" points in the raw SAR imagery with 
known locations on the Earth. 

In effect, the new system replaces the 
tie points with a combination of data on the 
trajectory and velocity of the radar plat­
form (see Figure 1) plus reliance on the 
amplitude and frequency of the radar 
echoes (as functions of time) to determine 
the slant range and the aiming (squint) 
angle of the target. This information is 
processed to obtain distortion-and orienta­
tion-correcting factors. 

An essential step is the solution of three 
simultaneous equations for the three<1i-

Clearpoint! 
Write or call for the 1988 Upgraded 
Version of the authoritative text on 
memory. An invaluable reference for 
buyers with a need to know, the 
Designer's Guide includes in-depth 
reviews of buses, systems and 
rnanagement~level concerns of price, 
performance and reliability. The 
expanded 1988 edition includes a 
survey of major systems: IBM - from 
the 9370 to the PS/ 2, the HP 9000 
line, the Sun 4/ 2XX and the Apollo 
DN4000 Series workstations. 

Get the New Catalog of 
Products &Services, too. 

A comprehensive technical brochure, 
the catalog presents the full spectrum of 
Clearpoint products, Quality Assurance 
procedures, customer support and 
product specifications. 
~ Trademarb--Cltxopoinc Oca<pOln< Racarch Co.p. 
IBM, PSI., International Business Machine Co.p.; HPC}OO<> Hewlctt­
Packard Corp.; s... Sun MX:rooys«ms, Inc.; ApoUo DN."ax ApoUo 
ComputE<. 

Call Now for Your Free Copies! 
1-800-CLEARPI' 

CLEARPOINT 
99 South Street 

Hopkinton, MA 01748-2204 
,-800-CLEARPT (6'7) 435-2000 
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mensional Earth-based coordinates of a 
target represented by an arbitrary picture 
element. These are the equations for (1) 
the surface of an oblate ellipsoid that repre­
sents the geoid, (2) the Doppler shift of a 
point target, and (3) the slant range. 

The solution involves an iterative numer­
ical process. Rrst, the intersection of the 
range vector with the geoid is found to 
determine the nominal target location and 
Doppler shift. The range vector is then 
squinted to find the intersection of the ap­
propriate iso-Doppler line for the given 
Doppler shift while maintaining the correct 
slant range. This operation is repeated for 
a set of picture elements distributed over 
the image to generate a map of geodetic 
location versus picture-element number in 
the raw image. 

The picture elements can be mapped 
onto any desired cartographic projection 
by a coordinate transformation based on 
the geodetic coordinates and on the spatial 
relationship between the SAR slant-range­
vs.-azimuth reference frame and the grid 
of the projection. Because it would involve 
excessive computation to map exactly by 

resampling on an element-by-element 
basis, the process is simplified (at the cost 
of some geometric distortion) by dividing 
the image into subblocks and locating the 
points in each subblock by a bilinear inter­
polation. 

The image intensities of the picture 
elements are resampled in two one-dimen­
sional passes. The first pass represents a 
rectification of the image in the along-track 
direction. The second pass represents a 
rectification in the across-track direction. 
To rotate the rectified image to the geocod­
eO format, this image is resampled further 
in the two one-dimensional passes that 
represent vertical and horizontal image 
shears. CNersampling is performed prior to 
rotation to reduce aliasing of the image 
data. 

The postprocessing system has been 
developed and successfully tested as an 
intergral part of an operating SAR system. 
The software is completely automated and 
optimized for efficient processing. This 
equipment is configured around a mini­
computer with an array processor, three 
3ClO-Mbyte disks, and a 32-Mbyte random-

Closed-Loop Optical Rotation Sensor 

access memory (RAM) with system inter­
faces to both the minicomputer and the 
array processor (see Figure 2). The 
minicomputer, which acts as a host to the 
array processor, is equipped with 128K 
words of 6OO-ns solid-state memory. 

The input slant-range image records 
and the output geocoded image records 
are stored in disk files common with the 
SAR processor output. The RAM serves as 
storage for the intermediate image from 
each resampling pass. All resampling is 
performed in the array processor to op­
timize the throughput. The ephemeris data 
and the processor-control parameters, like 
output-image size, picture-€Iement spac­
ing, and the center location, are stored in a 
parameter file that is automatically estab­
lished on a magnetic disk by the SAR cor­
relator during the initial generation of the 
image. 

This work was done by J. C. Curlander, 
Ronald Kwok, and Shirley S. N. Pang of 
Calteeh for NASA's Jet Propulsion 
Laboratory. For further information, Orele 
35 on the TSP Request Card. 
NPO-17106 

Integrated optics can improve performance with simplified signal processing. 

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

can sense rotation and emit pulses at an-
gular increments. Unlike conventional ring 
laser gyroscopes, the system would pro-

Phase 0.1-<18 
Modulator BS -

vide a linear scale factor across a wide 
range of rotation rates (0.003° per hour to 

fO-

Beat-Oetector 
logic 

fO+.6f -

POSition 

'---------+----+--------+---..... Rate 

Note: BS = Beam Splitter 
PBS = Polarizing Beam Splitter 
PO = Photodlode 

LD = Laser Diode 
fO = Laser Frequency 
.6f = Frequency Difference Due to Modulation 

The Optical Rotation Sensor would be built with integrated optics to simplify the generation of pulses that represent the increments of rota­
tion. 
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• Has no rnovi1g parts, bearings 
orsprings 

• Withstands more than 10,000 
Gshock 

• Operational 40 miliseconds 
after power on 

• Infinite resolution, no hysteresis 

New miniaturized series of rate 
sensors weigh less than 37 grams 
and when used with an electronics 
support card can provide an output 
voltage that linearly represents 
angular velocities up to 3250 per 
second.are now available for space­
saving applications. Two- or three­
axis sensor packages can be 
provided. 

CALL OR 
WRITE FOR 
SUMMARY 
CATALOG 
Humphrey, Inc. 
9212 Balboa Ave ., Dept. NTB1088 
San Diego, California 92123 U.S.A. 
Phone: (619) 565-6631 
TWX: (910) 335-2001 
FAX: (619) 565-6873 

I"c. 
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3000 per second) with no lockup at the nUll. 
Because of the integrated optics, the new 
system design needs no analog-to-digital 
converters with elaborate signal-proc­
essing circuits. 

The system is shcmn schematically in 
the figure. Ught from a laser diode is split 
evenly into two beams propagating in 0p­
posite directions around a rotation-sensing 
coil of optical-fiber waveguide. In the ab­
sence of phase modulation, the beams ac­
quire a phase difference proportional to 
the rotation rate as they pass through the 
coil. After emerging from the coil, the 
beams are recombined in a beam splitter, 
and the coherent sum is fed to the photodi­
ode shown at the left in the figure. 

Before enterfng the coil, the lower beam 
is modulated with a sinusoidally-varying 
phase shift. A phase-sensitive demodula­
tion of the left photodiode output synchro­
nized with the sinusoidal phase modulation 
produces an output signal proportional to 
the sine of the rotational phase shift. This 
signal can be used directly as the rotation­
rate signal for slow rotations or as an error 
signal for closing a phase-nulling control 
loop. 

In response to the error signal, the up­
per beam entering the coil is modulated 
with a ramping phase change. The result­
ing difference in frequency between the 

two beams is directly proportional to the ro­
tation rate. Two O.1-dB waveguide beam 
splitters tap off a small portion of each 
beam, and the beat note between them is 
obtained optically by recombination in a 
four-port, 3-dB beam splitter. 

Two photodiodes (one is redundant) 
convert the optical beats to electrical sig­
nals, which are fed to the beat-detector 
logic. A square-wave modulator imposes 
an additional ± nl2 phase shift: This alters 
the sequence of beat-note maximums and 
minimums in a way that is used by the beat­
detector logic to determine the algebraic 
signs of the. rotational increments. The out­
put is thus a series of pulses that are used 
to count the angular increments up and 
down to the present angular position. 

This work was done by Willis C. Goss, 
Bruce R. Youmans, Noble M. Nerheim, 
and Randall K. Bartman of Galtech for 
NASA's Jet Propulsion Laboratory. For 
further information, Circle 141 on the TSP 
Request card. 

This invention has been patented by 
NASA (U.S. Patent No. 4,662,751). In­
quiries concerning nonexclusive or ex­
clusive license for its commercial develop­
ment should be addressed to the Patent 
Counsel, NASA Resident OfficfNPL [see 
page 26]. Refer to NPO-16558. 
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THREE DIMENSIONAL 
1 Ensure dry circuit 

conditions with a 
20 mV clamp. 

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

2 Measure bonding resist­
ances and more with 
selectable waveforms. 

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

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

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

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

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

Instruments Division 
Keithley Instruments, Inc. 
28775 Aurora Road 
Cleveland, Ohio 44139 
(216) 248-0400 
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When you're working in an environ­
ment with a diversity of computers, you 
need to rely on an ACla company that 
can be all things to all p.1atforrns. 

That's why at Alsys, we have a 
validated Ada compiler for every impor­
tantplatform in use today. From the 
IBMPC AT and a range of its compati-

• 
~tthe 
atp12 

bles, to Sun, Apollo, and Hewlett­
Pdckard workStations, to the IBM 370 
mainframe. Plus an impressive range of 
top quality cross-compilers for Intel 
i80x86 rmcroprocessors and the 680xO 
chip family. 

Alsys Ada compilers are unique 
because of their common user interlace 

In/he US: Alsys, 1432 Main St., Waltham, MA 02154 Tel: (617) 89<NXJ30.lnlhe UK: Alsys, fur/ridge House, Newtown Road, Henley-on-Tlwmes, Oxon RG9/EN ; 



~compiler, 
o you stano on. 

and common tools which allow programmers to and superb speed for the most popular platforms, 
be portable across platforms without retraining. there's really no debate: validated Ada compilers 
Plus, all Alsys compilers have consistent quality from Alsys are your best choice. 
due to constant upaate and enhancement which 
ensures you the most advanced, production qual­
ity compilers available. 

So when you need Ada compilers that are 
proven leaders in providing reliable performance 

44(491)579090. Elsewhere: A/sys,20 Avenue de Versa illes,78170 LaCelle St.Cloud,France Tel:33(1)J918.12.44. All product names are trademarks of their manufacturers. 
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Measuring Flow With Laser-Speckle Velocimetry 
Spatial resolution is sufficient for calculation of vorticity. 

Ames Research Center, Moffett Field, California 
Laser-speckle interference can be used 

in flow experiments to visualize two-dimen­
sional streamline patterns and to quantify 
the associated velocity fields. The main ad­
vantage of laser-speckle velocimetry is 
that a velocity field can be measured with 
sufficient accuracy and resolution to ena­
ble the computation of the vorticity field. 
This technique is suited for the study of vor­
tical flows like those about helicopter rotor 
blades or airplane wings at high angles of 
attack. 

In laser-speckle velocimetry, a pulsed or 
chopped laser beam is expanded in one di­
mension by a cylindrical lens to illuminate a 
thin, fan-shaped region of the flow to be 
measured. The flow is seeded by small par­
ticles. A lens with an optical axis perpen­
dicular to the illuminating beam forms an 
image of the illuminated particles on a pho-
tographic plate (see figure). If the seed par-
ticles are distributed densely enough, the 
image is a random speckle pattern caused 
by the interference of light reflected from 
the seed particles. 

In effect, the speckles form a random 
grid embedded in the image of the illumi­
nated region. If the laser is pulsed more 
than once, and if the motion of the fluid be­
tween pulses is large enough to cause a 
shift of at least one average speckle diam­
eter but not large enough to destroy the 
coherence between the speckle patterns 
at the different pulse times, then the re­
sulting multiple-exposure speckle photo­
graph (specklegram) contains laterally 
shifted versions of nearly-identical speckle 
patterns. Because the magnitude and di­
rection of the local shift between the two 
patterns is determined by the velocity in 
the illuminated plane and the known inter­
val between exposures, the specklegram 
can be analyzed (at least in principle) to 
extract the velocity field. 

A combination of optical and electronic 
image-processing techniques can be used 
to analyze a specklegram. In one method, 
the specklegram is illuminated by a laser 
beam at a designated point in the flow field. 

Cylindrical 
Lens 

Imaging 
~ Lens 

DI~II," Y.J .. t", 
of Flow t..)I-. ~ 

Photographic 
Plane 

The Speckle PaHem of a laser-illuminated, Seeded Flow Is recorded in multlple-exposure 
photographs and processed to extract data on the velocity field. 

Because the specklegram is essentially a 
complicated diffraction grating, it pro­
duces interference fringes, the orienta­
tions and distances between which indi­
cate the local velocity. The fringe pattern is 
digitized and processed digitally by a 
Fourier and/or autocorrelation algorithm 
to extract the velocity information. 

In another method (which is not specifi­
cally a speckle method), a low seeding 
density is used, and the analysis is directed 
toward the measurement of displace­
ments between subsequent images of in­
dividual particles. This requires digital 
image processing to obtain the two-dimen­
sional autocorrelation of the image field 
within each interrogation spot to obtain the 
velocity in that spot. In yet another method, 
the specklegram is viewed through a spa­
tial filter to obtain isovelocity contours of 
the entire flow field. 

Laser-speckle velocimetry is limited in 
part by the unavoidably finite thickness of 
the illumination fan and the presence of 
velocity components perpendicular to the 

plane of the fan. Measurable speeds are 
limited by the finite durations, intensities, 
and repetition rates of laser pJlses. The Ul­
timate objective of development efforts is a 
technique to measure three<limensional, 
unsteady, vortical flows in wind tunnels at 
high Reynolds numbers. 

This 'WOrk was done by C. A. Smfth of 
Ames Research Center and L. M. M. 
Lourenco and A. KrothapaJli of Florida 
State University. Further information may 
be found in AIM-8&0768-Gp, "The Devel­
opment of Laser Speckle Velocimetry for 
the Measurement of Vortical Flow Fields ... 

Copies may be purchased [prepayment 
requiredjfrom AIM Technical Information 
Service Library, 555 West 57th Street, 
New York, New York 10019, Telephone 
No. (212) 247-6500. 

Inquiries concerning rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel, Ames Re­
search Center [see page 26]. Refer to 
ARC-11766. 
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Simplified Microwave Radiometer 
The cost, weight, and size would be less than half of those of conventional radiometers. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A proposed ground·based instrument 

would measure temperatures in the upper 
atmosphere while correcting for the liquid 
water in clouds. Its weight, size, and cost 
would be less than half of those of conven­
tional radiometers used for the purpose. 
The instrument would be light, compact, 
and portable and may be inexpensive 
enough for use in sensor arrays. Its availa­
bility would encourage the use of micro­
wave radiometry for routine weather fore­
casting. 

A conventional microwave radiometer 
contains a water-vapor radiometer subsys­
tem operating at 21 GHz and 31 GHz in ad­
dition to the main temperature-sensing 
system operating at 53 to 58 GHz. The sole 
purpose of the water -vapor subsystem is to 
correct for the effect of clouds on observa­
tions; yet it accounts for about half the total 
size, weight, and cost. In the proposed in-
strument, a different microwave chan-
nel - one at 51 GHz - would be used to 
correct for the effects of clouds. This chan-
nel is close enough in frequency to be in-
cluded in the main system with minimal in-
crease in size, weight, and cost. 

Although a conventional, separate 
water-vapor radiometer measures water 
content more accurately, the difference in 
the quality of temperature profiles between 
the conventional and proposed systems is 
hardly noticeable. For example, a comput­
er simulation showed that the derived air 
temperature at an altitude of 10,000 ft 
(3 km) was 1.97 °C for a conventional sys­
tem equipped with a separate radiometer 
and 1.96 °C for a system equipped with a 
51-GHz channel. Simulations for a variety 
of sites showed that the 51-GHz channel is 
comparable to the separate radiometer in 
correcting for the effects of clouds. 

The 51-GHz channel can be added sim­
ply by including a 51-GHz local oscillator to 
the group of local oscillators required for 
temperature profiling. The local oscillators 
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The Addition of a Channel at 51 GHz to the channels used for making upper-atmosphere 
temperature profiles adds little to the cost of a microwave radiometer. However, the added 
channel eliminates the need for a separate water-vapor radiometer subsystem, with Its at­
tendant size, weight, and cost. 

can be multiplexed with a single wideband 
mixer (see figure). 

This work was done by Bruce L. Gary of 

Caltech for NASA's Jet Propulsion lab­
oratory. For further information, Orcle 31 
on the TSP Request Card. NPO-17101 

Controlling Vapor Pressure in Hanging-Drop Crystallization 
The rate of evaporation is adjusted to produce larger crystals. 

Marshall Space Flight Center, Alabama 

A device helps to control the vapor 
pressure of water and other solvent(s) in 
the vicinity of a hanging drop of solution 
containing a dissolved enzyme or protein. 
The device thus facilitates the control of 
the rate of approach to critical supersatu­
ration during the crystallization of protein 
or enzyme macromolecules. With the help 
of the device, the rate of nucleation can be 

NASA Tech Briefs, October 1988 

limited to decrease the number and in­
crease the size (and perhaps the quality) of 
the crystals - large crystals of higher 
quality are needed for x-ray diffraction 
studies of these macromolecules. 

The protein solution includes a precipi­
tating agent (for example, NaC!) that com­
petes with the protein for the solvent, there­
by diminishing the solubility of the protein 

or enzyme and driving the solution toward 
supersaturation as the solvent evaporates. 
The drop of protein solution is hung over a 
well filled with another solution that has a 
higher concentration of the preCipitating 
agent and, therefore, a solvent vapor pres­
sure lower than that of the drop. 

The rate of evaporation can be in­
creased or decreased by increasing or de­
creaSing the difference between the two 
vapor pressures. In this version of the 
hanging-drop method, fine control of the 
vapor pressure and the vapor-pressure 
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distribution is achieved by adjusting the 
concentration and the gradient of concen­
tration of the precipitating agent in a well of 
porous sintered glass (see figure). To re­
duce the lag in the equilibrium of the 
vapors, the drop is suspended close to the 
sintered glass. The porosity of the glass 
also helps to equilibrate the system by pro­
viding a large surface area for evaporation 
or condensation. 

The solution enters the well through a 
central inlet tube, then wicks throughout 
the well by surface tension. If the incoming 
solution has a concentration different from 
that of the solution already present, then 
a concentration gradient propagates 
through the well. Eventually, the new solu­
tion equilibrates with the old solution. 

The device was tested by crystallizing 
white lysozyme of hen's egg. Initially, the 
well was charged with a 2-percent solution 
of NaC!. Next, a 4-percent solution of NaC! 
was steadily pumped into a mixing recep­
tacle containing the 2-percent solution, so 
that the mixed output pumped to the well 
gradually changed from a concentration of 
2 percent to 4 percent to lower the vapor 
pressure over the well. Three experiments 
were performsd, each with a different 
pumping rate and, therefore, a different 
evaporation rate. The experiments showed 
that the nucleation rate decreases with the 
decrease in the evaporation rate, as in­
tended. 

This work was done by Daniel C. Carter 
and Robbie Smith of Marshall Space 
Aight Center. For further information, Cir­
cle 126 on the TSP Request Card. 

Inquiries concerning rights for the com­
mercia/ use of this invention should be ad­
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 26]. Refer to 
MFS-20056. 
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SECTION A-A Inlet Tube 

A Well of Porous Frtt (sintered glass) holds a solut ion in proximity to a drop of solution con­
taining a protein or enzyme. The vapor from the solution in the frlt controls the evaporation of 
the solvent from the drop to control the precipitation of the protein or enzyme. 

Improved State Selection for Hydrogen Masers 
Atoms that do not contribute to maser oscillation are removed. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
An improved selection system for a hy­

drogen maser helps to exclude the hydro­
gen atoms from the storage bulb in unde­
Sired quantum states that do not contribute 
to the amplification/oscillation process. 
The atoms in the undesired states limit the 
stability of the maser by reducing the stor­
age lifetime of the atoms in the desired 
state, reducing the output power, and col­
liding with atoms in the desired state under 
circumstances that can cause systematic 
shifts in frequency. 

There are four ground hyperfine states 
(energy levels) of monatomic hydrogen. At 
the point of origin, the hydrogen beam has 
approximately equal numbers of atoms in 
all four states. The maser transition takes 
place between states c and a, as shown in 
Rgure 1. Consequently, the ideal hydrogen 
beam entering the maser should contain 
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only atoms in state c. Prior selection 
schemes have eliminated atoms in states 
a and b but have allowed atoms in state dto 
enter the storage region in numbers equal 
to those in state a, with consequent degra­
dation of the maser output. 

The improved selection system is 
shown in Figure 2. The monatomic hydro­
gen enters through a hexapole magnet, 
which focuses the c and d atoms into a 
beam. The beam then passes through a dc 
axial magnetic field, the strength of which 
varies along the axis. A perpendicular ac 
magnetic field is applied in this region at a 
frequency that matches the energy differ­
ence between the c and d levels at some 
point in the region. With the proper choice 
of the frequency and amplitude of the ac 
field in relation to the parameters of the de 
field, the atoms that entered in state d 

emerge in state b, while the few entering 
atoms in state b emerge in state d. The 
atoms in the desired state c remain un­
changed. 

The beam passes through a second 
hexapole magnet, which eliminates atoms 
that have shifted to state b. The magnetic 
field focuses the remaining atoms in state 
c toward the hydrogen-maser storage bulb 
at various angles according to their veloci­
ties. The apertures and stopping disks are 
strategically placed according to the an­
ticipated distribution of trajectories to pass 
mostly atoms in state c in the desired 
velocity range and to block atoms in the 
other states and velocity ranges. Disk stop 
3 also prevents ultraviolet light from the 
hydrogen-molecule dissociator from enter­
ing the maser storage bulb and decompos­
ing its polytetrafluoroethylene coating. 
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GoldWorns II 

te(hnology 
advan(ed appli(ations. 

The advanced technology of 
GoldWorks II is designed for the new gener­
ation of desktop computer systems. lOU gel 
Ihe proven performance and high produc-
ti vity of Gold Hill's leading PC-hased expert 
system development tool- plus dynamic 
graphics' with Microsoft Windows. 

So now you can lackle a broad rAnge of 
knowledge-IYAsed problems on your PC class 
machine. Use the rich graphical environment 
to build intelligent interfaces. And integrate 
expert systems with conventional applica­
tions, spreadsheets, databases and other 
programming languages, including "C". 

Gold\Xorks AXLE, a breakthrough 1001 Ihal 
helps accelerate the devdopmenr cycle, and 
GoldWorks Runtime. for expert system 
deliven' on pes. All backed b\' our uncom­
promising commitment to excellence in 
service, education and support. 

Whether your expert system is in man­
ufacturing. financial services, electronics, 
aerospace, or any other application­
develop it with the most advanced 
PC-based development tool 
availablc- GoldWorks II . 

To learn morc, call or wflle 
Gold Hill today. And ask tor 
your free copy of Ihe Gold 
H!lUpplk:ations Ponfolio. 
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real world AI applica· 
tions developed by 
some of our 12,000 
users worldwide. 
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Gold Hill Computers, Inc. 
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Error-Tolerant Quasi-Paraboloidal Solar Concentrator 
!~ Scalloping the reflector surface reduces sensitivity to manufacturing and aiming errors. 

Lyndon B. Johnson Space Center, Houston, Texas 

Contrary to intuition, the most effective 
shape of a concentrating reflector for a 
solar heat engine is not a perfect parabo­
loid. According to design studies for a 
Space Station solar concentrator, a scal· 
loped, nonimaging approximation to a per­
fect paraboloid offers better overall per­
formance in view of the finite apparent size 
of the Sun, the imperfections of real equip­
ment, and the cost of accommodating 
these complexities. The scalloped-reflec­
tor concept can also be applied to improve 
the performance while reducing the cost of 
manufacture and operation of a terrestrial 
solar concentrator. 

A lightweight reflector might be con­
structed, for example, by suspending 
gores of metalized plastic sheet from ap­
proximately radially-aligned parabolic sup­
porting ribs (see figure). The gores would 
be slightly wider than the circumferential 
distances between the ribs so that when 
attached to the ribs, the gores would bow 
outward slightly to attain the required 
scalloped shape. In principle, a gore could 
also be made by bending a flat metal strip 
into contact with two adjacent ribs, then 
machining the scallop depression into the 
sheet with a point cutting tool pivoted about 
the focal point of the corresponding ideal 
paraboloid. 

A perfect paraboloidal reflector would 
offer the highest concentration of incom­
ing solar energy if the Sun were a point 
source of radiation and if the reflector 
could be aimed precisely toward the Sun 
all the time. In such a case, all the inter­
cepted solar flux would be concentrated to 
a tiny, diffraction-limited spot. In practice, 
the finite angular subtense of the Sun 
(about 0.53 0) gives rise to a solar image of 
finite size at the focal spot. The image is 
blurred and spread out by slope errors of 
the reflector surface, and radiant energy is 
diverted from the desired focal spot by aim­
ing errors. As a result, some of the insola­
tion is lost because it misses the receiver. A 
larger, more-exposed solar-receiver sur­
face could accommodate the aiming er­
rors and spreading of the image, but would 
also parasitically reradiate more of the 
received energy, and the receiver could 
not nttain as high a temperature as de­
sired. 

A computer ray-tracing study was per­
formed on three conceptual concentrators 
60 ft (18.3 m) in diameter, based on the 
same ideal paraboloid: the paraboloidal 
reflector itself; a 6O-rib, flat-wrapped-gore 
reflector; and a 6O-rib version of the new 
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A Solar Concentrator With Scalloped Gores, resembling a floppy umbrella, would approxi­
mate an ideal paraboloidal reflector but could maintain a smaller, more-precisely-Iocated fo­
cal spot in spite of errors in manufacturing and pointing. 

scalloped-gore reflector. The ideal parabo­
loidal and flat-wrapped-gore versions were 
both found to be more vulnerable to sur­
face-slope errors than to aiming errors; the 
scalloped version proved to be more vul­
nerable to aiming errors than to slope er­
rors. The highest sensitivity of the scal­
loped version to either kind of error was 
lower than the lowest sensitivity of the ideal 
paraboloid: in other words, at the same 
level of performance, the scalloped ver­
sion is easier to manufacture and to aim. 
Furthermore, the 1.6-ft (O.49-m) diameter of 

the receiver aperture required by the 
scalloped version is much smaller than 
those of the paraboloidal and flat-wrapped­
gore versions [6.9 ft (2.1 m) and 9.3 ft 
(2.8 m), respectively], so that in the 
presence of imperfections, the concentra­
tion ratio of the scalloped version is at least 
18 times that of the others. 

This work was done by Howard A. 
Wagner of Johnson Space Center. For 
further information, 0rc/e 4 on the TSP Re­
quest Card. 
MSC-21061 
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This work was done by Robert F. C. 
Vessot and Edward M. Mattison of the 
Smithsonian Institution for NASA's Jet 
Propulsion Laboratory. For further infor­
mation, Circle 1 on the TSP Request Card. 
NPO-17114 

Figure 1. The Hyperflne Ground Energy 
St.te. of monatomic hydrogen are 
distinguished by the maser transition bet· 
ween states c and a and by splitting in a 
magnetic field. F is the quantum number of 
the total (nuclear plus electron spin and or­
bital) angular momentum, and M( is the 
quantum number for the componen of total 
angular momentum aligned with the ap· 
plied magnetic field. Magnetic Field Strength 

a,b,c,d 

~ 
F 

Hexapole 
Magnet 

Hexapole 
Magnet Maser·Bulb 

Entrance 

Figure 2. The Selection System Includes hexapole focusing magnets and an adiabatlc-fast-passage region In which a transverse alternating 
magnetic field superimposed on a steady axial magnetic field Inverts the populations of the F = 1, MF = ± 1 states. The beam that enters 
the maser storage bulb contains a high proportion of atoms in the desired estate. 

Calculating Optical-Transmitter Radiation Patterns 
A new formula gives more-accurate gains and pointing losses. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A set of approximate formulas predicts 
the angular dependence of the far radia­
tion field of a coherent optical transmitter, 
the telescope of which has a central ob­
scuring disk (for example, a reflecting tele­
scope). The formulas are derived without 
recourse to the simplifying assumption of 
uniform plane-wave illumination used to 
derive the less-accurate traditional for­
mulas. 

Assuming illumination by a laser with a 
Gaussian beam, the telescope gain, gt' is 
given by 
gt = 2(nO/Aa)2[exp( -a2) 

+ exp( - a2y2)]2 
where 0 is the telescope aperture diame­
ter, ). is the wavelength, y is the ratio of the 
diameter of the obscuring disk to that of the 
aperture, and a, which is related to the size 
of the cross section of the Gaussian beam, 
is given by 1.12 _1.3Oy2 + 2.12y4. This for­
mula is not new; it has been used previous­
ly in the design of optical communication 
links. 
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The assumption of a Gaussian beam 
with obscuration requires a more accurate 
formula for the pointing loss, 1 p(B), which is 
the ratio of beam intensity at angle B off the 
beam axis to the intensity on the beam 
axis. The exact equation for liB) is a ratio 
of two integrals that cannot be reduced to 
closed form and, consequently, have to be 
evaluated numerically. However, because 
the Taylor series for the ratio of the in­
tegrals converges rapidly, the first few 
terms of the series yield a formula more ac­
curate than the traditional approximation. 
The new formula is 
lp(B) = [1/f~y)]{fo(Y) + [f2(y)/2!](nOBI).)2 

+ [fiy)/4!] (nOBI).)4 

+ [fety)/6!](nOBI).)6 + .. F 
where the coefficients f, are the ith deriva­
tives of 

J\exp( - a2u))J o(nOBu v2/).)du 
12 

with respect to (nOBI)') evaluated at B = O. 
These coefficients can be evaluated from 
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The Pointing Loss given by the new formula 
converges rapidly toward the exact value 
as more terms of the Taylor series are in­
cluded. 
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closed-form expressions for the deriva­
tives or interpolated from tables of coeffi­
cients precalculated for y = 0.0, 0.1, 0.2, 
0.3, and 0.4. 

The pointing error of a telescope with y 
= 0.2 was calculated both exactly byeval-

uation of the complete integrals and ap­
proximately by the new formula (see figure) 
using two, three, or four terms. With only 
four terms, the result of the new formula 
lies within 0.1 dB of the exact result for all 
BO!)':S 0.9. 

This work was done by William K. 
Marshall and Brian O. Burk of Caltech for 
NASA's Jet Propulsion Laboratory. For 
further information, Circle 115 on the TSP 
Request Card. 
NPO-17105 

Computerized Analysis of Thermal-Diffusivity Data 
Measurements are processed quickly and accurately. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
M improved data-acquisition and data-

analysis system for thermal-diffusivity 
measurements using the flash method in­
corporates a digital oscilloscope and a 
microcomputer for the rapid reduction of 
the experimental data. The system was de­
vised for use in high-temperature meas-
urements of thermoelectric materials. 

In the thermal<liffusivity apparatus (see 
Figure 1), a thin specimen is heated on one 
face by a pulsed xenon flashlamp, and the 
subsequent temperature rise on the oppo­
site face is monitored by an infrared detec-
tor. The thermal diffusivity can be esti­
mated from the thickness of the specimen 
and from the time after the initial pulse dur­
ing which the temperature rise reaches 
half its maximum value. The accuracy of 
the estimate can be improved by correct­
ing the temperature measurements for the 
radiative loss of heat from the specimen 
and for the finite duration and specific 
waveform of the flash lamp pulse. 

The output of the infrared detector is fed 
to the digital oscilloscope. From the oscillo­
scope, 2,000 digitized data points (see 
Figure 2) are fed to the computer. To re-
duce the demand for computing time and 
memory, every set of 10 contiguous points 
is averaged together; this also reduces the 
effects of random noise. A least-squares 
calculation is then performed to draw a 
smooth best-fit curve among the resulting 
200 data points. 

The radiative-loss and pulse-waveform 
corrections are applied, and then the curve 
is differentiated. The Newton method is 
used to locate the point of zero slope, 
which corresponds to the time of maxi­
mum temperature rise. Noting the temper­
ature rise from this point on the curve, the 
computer then searches the curve for the 
time that corresponds to half the maximum 
temperature rise. For this analysis, time is 
measured from the beginning of the flash­
lamp pulse, which appears on the curve 
because the infrared detector receives 
stray reflections of the pulse. 

The complete analysis requires a micro­
computer with only 16K of memory. In addi­
tion to data-point averaging, the analysis 
program incorporates the follOWing mem­
ory-saving features: 
• Variables are reused in different parts of 
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Figure 1. A Flash-Type Thermal·Dlffuslvlty Apparatus is equipped with a relatively-inexpen­
sive digital oscilloscope and microcomputer. 
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Figure 2. The Digitized Output ofthe Oscilloscope is fed to the computer for curve fitting and 
other processing. 

the program. 
• Data acquisition, curve fitting, and correc­

tions are done by independent portions of 
the program that are stored separately 
and called in sequence. 

• All lookup tables are stored as polyno­
mials. 

• OJstomary memory-saving program for-

mats are used wherever possible. 
This work was done by Artur B. 

Chmielewski, Charles Wood, and Jan W 
VanderSande of Caltech for NASA's Jet 
Propulsion Laboratory. For further infor­
mation, Circle 88 on the TSP Request Card. 
NPO-16729 
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Dynamic power. For centuries prov- design derives its energy from the sun's 
en in the cruelest of environments. On heat. And by storing thermal energy, 
the harsh surface of planet Earth. massive storage batteries are eliminated. 

From man's earliest water wheel to Dynamic power means lighter pay-
the state-of-the-art closed Brayton cycle load weight at launch, with more kilo-
system, the efficiency of dynamic power watts in orbit. And its smaller surface 
has never been approached. area reduces orbit-decaying drag. 

Using only one moving part, it was For the Space Station, our solar-
developed in concert with NASA's Lewis driven system will provide reliable power 
Research Center. This Fluid System for NASA's scientific research. And all 

Allied-Signal Aerospace Company 

Circle Reader Action No. 650 

planned commercial experiments. 
What's more, over the 30-year life 

of the Space Station, the Fluid System 
design, providing250 kilowatts of power, 
will save over $3 billion compared to con­
ventional systems. A powerful thought 
for scientists and budget planners alike. 

Fluid Systems Division, 1300 
West Warner Road, Tempe, AZ 85284. 
(602) 893-4421. 

~lIied 
Signal 



Books and Reports 
These reports, studies, hCl'ldbooks 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. 

Calculating Shocks in 
Flows at Chemical 
Equilibrium 

Boundary conditions prove 
to be critical. 

A conference paper describes an algori· 
thm for the calculation of shocks in hyper· 
sonic flO'NS of gases at chemical equilibri· 
um. Although the algorithm represents an 
intermediate stage in the development of a 
reliable, accurate computer code for two­
dimensional flow, the research leading up 
to it has contributed to an understanding of 
what is needed to complete the task. 

The derivation begins with the equations 
for the conservation of mass, momentum, 
and total-energy in a two-dimensional , 
planar or axisymmetric, inviscid flow of 
gas. Either of two methods is used to in· 
clude real"9as effects in the equation of 
state. 

In the first method, all of the coupling be­
tween the equations for the gas-dynamic 
and those for chemical effects is accom­
plished through the ratio, p, between the 
static enthalpy density and the static ener­
gy denSity. For a perfect gas, (J equals y, the 
ratio of specific heat at constant pressure 
to specific heat at constant volume; for a 
real gas, (J is obtained from a separate 
chemistry algorithm or a table lookup. In 
the equation of state, the pressure is ex­
pressed as the product of {J-1 with the dif­
ference between the total- and kinetic­
energy densities. 

In the second method, the pressure is 
found from the product of the density and 
temperature according to the ideal"9as 
law. For this purpose, the temperature is 
determined from an alter~te form of the 
equation for the energy density that in· 
cludes terms representing the specific 
heat at constant volume and the total, kine­
tic, and chemical-reaction energies. This 
method is mathematically more rigorous 
than the first method. 

The equations are solved by use of a 
total-variation-dimlnishing, implicit, finite­
difference algorithm with upwind differenc­
ing and with dissipation that suppresses 
spurious numerical oscillations, thereby 
enabling the capture of strong shocks. The 

scheme was applied to fiO'NS of an ideal 
gas and a mixture of N20 N, 0 20 0 , and NO 
at mach 15 aver a hemisphere, altemately 
using the two methods for the equation of 
state. 

The solutions for the ideal gas were 
stable at all mach numbers investigated, 
up to mach 20. The real-gas equilibrium­
chemistry solutions are more strongly de­
pendent on the computational grid than 
are those for the ideal gas: slight modifica· 
tions in the grid could make the algorithm 
stable or unstable. The first method for the 
equation of state proved superior in the 
sense that solutions converged, albeit to 
slightly inaccurate values. The second 
method did not yield stable solutions. Both 
methods suffered from improper real-gas 
boundary conditions; as a result, detailed 
analyses of numerical boundary schemes 
for real gases will be an important topic for 
future research. 

This work was done by Scott Eberhardt 
and Grant Palmer of Ames Research 
Center. Further information may be found 
in AIM Paper No. 8~ 1284, '~ Two-Dimen· 
sional, TVD Numerical Scheme for In­
viscid, High Mach Number Flows in 
Chemical Equilibrium. II 

Copies may be purchased [prepayment 
required] from AIM Technical Information 
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Service Ubrary, 555 West 57th Street. New 
York. New York 10019. Telephone No. 
(212) 247-6500. 

Inquiries concerning rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel. Ames Re­
search Center [see page 26]. Refer to 
ARC-11741. 

Optical Image Subtraction 
Progress of a recent 
decade is reviewed. 

A report reviews the optical image sub­
traction techniques developed during the 
years 1975 through 1985. Optical image 
subtraction is useful in such disciplines as 
studies of earth resources, meteorology. 
automatic surveillance. pattern recogni­
tion, studies of urban growth. and com­
pression of bandwidth in communication 
systems. Optical image subtraction re­
quires the tedious, precise alignment of ex­
pensive equipment by highly trained tech­
nicians and has limited dynamic range. 
Nevertheless, it offers an attractive alter­
native to digital electronic image subtrac­
tion in that it is much faster and treats all 
parts of the images simultaneously. 

There are two categories of optical 
image-subtraction techniques: real-time 
and non-real-time. The report describes 
the following real-time techniques: 
• Source encoding - an amplitude-sub-
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traction technique involving an extended 
quasi;nonochromatic (filtered white) light 
source encoded by a one-dimensional 
(parallel-slit) mask; 

• Polarization modulation - an amplitude­
subtraction technique that includes a 
monochromatic point light source and 
polarizing filters; 

• Pseudocolor image-difference detec­
tion - an intensity-subtraction technique 
that includes an extended white light 
source and red and green filters; 

• Holographic-shear-lens technique - an 
amplitude-subtraction technique with a 
monochromatic point light source and a 
holographic shear lens synthesized by the 
superposition of \1M> Fresnel zone plates 
at different spatial frequencies; and 

• Nonlinear electro-optics - amplitude 
subtraction of monochromatic light from a 
point source, based on \IM>- or four-wave 
mixing in nonlinear electro-optical crys­
tals. 
The reported non-real-time image-sub­

traction techniques are the following, all of 
which involve intensity subtraction: 
• Speckle-diffuser encoding - a double­

exposure method that uses an extended 
quasi;nonochromatic light source and ex­
ploits the multiple-imaging effect of a 
speckle pattem on photographic film to 
modulate an input image with multiple de­
magnified images of a coarse, ooe-dimen­
sional mask; 

• Speckle-pattern encoding - another 
doubIe-exposure method that uses a point 
source of monochromatic light, a diffuser, 
and a two-pinhole mask to produce 
speckle-modulated Young's fringes; 

• Halftone-screen encoding - a three­
step method involving an extended white 
light source and a succession of contact 
prints through one-dimensional halftone 
screens; and 

• Polarization-shifted carrier encoding - a 
double-exposure method involving a 
quasi;nonochromatic slit light source and 
the formation of shifted high-contrast 
sinusoidal modulation patterns on the 
transparenCies of the images to be sub­
tracted. 
The real-time techniques are proba­

bly the most useful because they enable 
the immediate processing of enormous 
amounts of information. However, this is . 
not to discount the non-real-time tech­
niques. Moreover, some of the non-real­
time equipment may be converted to real­
time operation through the installation of 
advanced, real-time spatial light modula­
tors or electro-optical devices. 

This work was done by Hua-Kuang Uu 
and Tien-Hsin Olao of Galtech for NASA's 
Jet Propulsion laboratory. To obtain a 
copy of the report. "Optical Image Sub­
traction Techniques, 1975-1985," Orele 
1170n the TSP Request Card. NPO-17016 
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Numerical Analysis of Interlaminar·Fracture Toughness 
Finite-element analysis is applied in conjunction with 
strain-energy and micromechanical concepts. 

Lewis Research Center, Cleveland, Ohio 

A computational procedure has been 
developed for the study of the interlaminar­
fracture toughnesses of unidirectional-fi­
ber composite materials in end-notch flex­
ure (ENF) and mixed-mode flexure (MMF). 
Because interlaminar fracture (that is, de­
lamination) is an important failure mode, an 
understanding of it is necessary for the 
design of composite structures. The new 
computational procedure assists in the in­
terpretation of the ENF and MMF fracture 
tests (see Figure 1) that are performed to 
obtain fracture-toughness parameters, by 
enabling the evaluation of the states of 
stress that are likely to induce interlaminar 
fractures. 

The computational procedure involves 
the local method, the local-crack-closure 
method, and/or the "unique" local-crack­
closure method developed at NASA Lewis 
Research Center, for the mathematical 
modeling of ENF and MMF. These meth­
ods are based on three-dimensional finite­
element analysis in conjuction with the 
concept of the strain-energy-release rate 
and with the micromechanics of compos­
ite materials. 

The global method yields the global frac­
ture toughness, without regard to partici­
pating or dominating local fracture modes. 

The local-crack-closure method yields 
both the global fracture toughness and 
the contribution of each local fracture 
mode to interlaminar or mixed-mode frac­
ture toughness. The NASA Lewis "unique" 
local-crack-closure method is a variation of 
the local-crack-closure method. The meth­
od involves the use of a single-point con­
straint force in the finite-element analysis, 
is conceptually simpler than the local­
crack-closure method, and preserves the 
monotonicity of the increasing displace­
ment under the applied load as the crack 
extends. In contrast, the local-crack-clo­
sure method sometimes erroneously 
yields a reversal of this displacement. 

The computational procedure was test­
ed on the mathematical specimen shown 
in Rgure 2. The numerical results led to the 
following conclusions (among others): 
• The significant properties associated with 

interlaminar-fracture toughness are the in­
teriaminar shear strength, the transverse 
tensile strength, the thickness of the inter­
ply layer, and the ratio of the volume of fi­
bers to the total volume of the composite. 

• Any of the three methods can be used to 
determine the strain-energy-release rate, 
but only the local methods give the contri­
butions of indMdual fracture modes. 

Force = 120 Ib 

O.Sln.-i I~' '''''''''''''''---- 41n. ------1 

Note: Width In direction out of page = 1 In. 

~ ............................................................ ~ 

F'l~_~ 
~ ~ k # 
~ 2V' 

END-NOTCH-FLEXURE TEST 

~ F'J? ;.7 
L ~ V 

MIXED-MODE-FLEXURE TEST 

Figure 1. The End-Notch-F1exure and Mlxed­
Mode-Flexure Tests are performed on spec­
imens of standard size and shape to deter­
mine fracture-toughness parameters and 
other mechanical properties. 

• In comparison with the local methods, the 
global method predicts a higher strain-en­
ergy-release rate during slow and stable 
crack growth, but the predictions of all 
three methods converge during unstable 
crack growth. 

• The strain-energy-release rates predicted 
for the shear and mixed shear/double-can­
tilever-crack-opening modes of interlami­
nar fracture are in good agreement with 
the limited experimental data available. 

• The shear rnode dominates in ENF, while 
the double-cantilever-crack-opening 
mode dominates the unstable crack 
growth in MMF. 

• Unstable shear-mode crack growth oc­
curs in ENF when the interlaminar shear­
stress intensity exceeds the correspond-
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Figure 2. This Finite-Element Mathematical Model of a test specimen like those of Figure 1 was used to test the mathematical methods for 
the prediction of fracture in ENF and MMF. 

66 Update your NASA Tech Briefs qualification form ever y six months. NASA Tech Briefs, October 1988 



ing shear strength. 
• Mixed-mode unstable growth of the crack 

occurs in MMF when the through-the­
thickness normal stress intensity exceeds 
its corresponding transverse tensile 
strength. 

• The critical strain-energy-release rates 
and their attendant crack lengths asso-

ciated with fractures in ENF and MMF can 
be calculated. 
This work was done by C. C. O1amis of 

Lewis Research Center and P. L. N. 
Murthy of Oeveland State University. Fur­
ther information may be found in NASA 
TM-87138 [N8(}143161NSP], "Interlaminar 
Fracture Toughness: Three-Dimensional 

Finite-Element Modeling for End-Notch 
and Mixed-Mode Flexure." 

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-14590 

Developing Crystallinity in Linear Aromatic Polyimides 
A new technique improves the melt flow of polyimide. 

Langley Research Center, Hampton, Virginia 
Linear aromatic polyimides are well 

known to have exceptional thermal and 
oxidative stabilities. However, they are 
very difficult to process into useful forms 
because of their poor softening and flow 
properties. Most of these polymers have to 
be processed at temperatures approach­
ing 400 °C and at pressures of 500 to 
10,000 psi (3.4 to 69 MPa). At these high 
temperatures and pressures, finely-divided 
polymer particles sinter. 

molding powders, and matrix resins for 
many potential applications. 

Previously, polyimides were prepared 
from polyamide acids by chemically dehy­
drating the latter. In the methods that were 
employed, some loss in molecular weight 
generally occured. 

The new process uses chemical imidi­
zation or cyclodehydration techniques that 
do not cause a significant decrease in 
molecular weight. The process involves 
the dissolution of the polyamide acid in an 
amide solvent or a mixture of an ether and 
an amide solvent at a low percentage of 
solids followed by the treatment of this 
solution with an aprotic organic base, such 
as triethylamine or pyridine, for a period of 
time prior to treatment with an organic de­
hydrating agent. The latter treatment facili-

To be useful for various applications, 
these polymers must flow at low tempera­
tures and pressures. Accordingly, a proc­
ess has been developed to make linear 
aromatic poIyimides that exhibit a form of 
metastable crystallinity resulting in en­
hanced melt-flow behavior that makes 
these materials attractive as adhesives, 
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tates the formation of the polyimide. 
This process should prove useful for the 

production of polyimide molding materials. 
It is expected to have widespread applica­
tion in the preparation of easily processed 
adhesives, molding powders, and matrix 
resins. 

This work was done by Terry L. St. Oair 
of Langley Research Center. For further 
information, Circle 155 on the TSP Request 
card. 

This invention is owned by NASA and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent 
Counsel, Langley Research Center [see 
page 26]. Refer to LAR-13732. 

Series K Ball Slides 
and CRK Roller Slides. 

800-922-0329 For information on your special application. or a free catalog, call or write Automation Gages now_ 
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800-922-0329· In N.Y_ State, call (716) 544-0400 Dept. 248 
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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. 

Cold·Worked 
Inconel * 718 Bars 

Cold working and double 
aging yield high strength 
without sacrifice of 
resistance to corrosion. 

A report presents data on the mechani­
cal properties and the stress-corrosion re­
sistance of triple-melted, solution-treated, 
work-strengthened, direct-double-aged In­
conel" 718 alloy. (The triple melting con­
sists of vacuum induction melting, electro­
slag remelting, and vacuum arm remelting.) 
The data indicate an advance in the proc­
essing of large<liameter [4.00-in. (10.16<:m) 
and 5.75-in. (14.60-cm)] bars. The new 
process increases the yield strength with­
out reducing the elongation, reduction of 
area, and grain size. 

Inconel" 718 is a nickel-base, austenitic, 
precipitation-harden able alloy developed 
in the late 1950's. It possesses high 
strength and high resistance to corrosion 

and is used in the temperature range from 
- 423 to + 1,300 OF ( - 253 to + 704 OC). 
In high-strength fasteners, the alloy has 
been limited to relatively small diameters 
because of restrictions imposed by cold 
working and hot heading. Large<liameter 
bar material has been limited to solution 
treating and aging because cold working 
produces a loss in reduction of area,loss in 
elongation, and increased grain size. 

The new process makes it possible to 
work-strengthen Inconel" 718 without the 
usual disadvantages. In specimens tested 
at room temperature, the average longitu­
dinal ultimate tensile and yield strengths 
were about 217 and 191 ksi (1.50 and 1.32 
GPa), respectively. Olarpy V-notch impact 
and compact tension tests at -100 OF 
( - 73 OC) were equally impressive: they 
showed little degradation in toughness 
with decreasing temperature. Moreover, 
after exposure of 180 days to salt fog, there 
were no tensile failures or loss of mechani­
cal properties. 
"Inconel is a registered trademark of the 

Inco family of companies. 
This work was done by J. W Montano 

of Marshall Space Aight Center. Fur­
ther information may be found in NASA TP-
2634 [N86-307531NSPl "A Mechanical 
Property and Stress Corrosion Evaluation 
of VIM-ESR-VAR Work Strengthened and 
Direct Double Aged lnoonel 718 Bar Ma­
terial." 

Both artistic and educational, this beautifully illustrated full-color poster 
presents a cutaway view of the Space Shuttle that reveals its inner work­
ings. Provides size, wingspan, weight, and thrust data. 42 by 30 inches. 
Folded. Special introductory price only '8_95 each! 

BONUS: Order now and receive three prints for only '23.95. ----------------------------------
Pleue rush me ____ Space Shuttle posters. 
I have encloeed t plus t2.60 for postage and handling. 
To~encloeed:t, _____ __ 
N~ ___________________________________________ ___ 

AddN.8 ___________________________________________ _ 

City State Zip, ______ __ 
Send payment to: NASA Tech Briefs, Shuttle Poster Offer 

41 East 42nd St., New York, NY 10017-5391 
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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&4 700. The report is 
also available on microfiche at no charge. 
To obtain a microfiche copy, Orc/e 146 on 
the TSP Request Card. MFS-27171 

Acrolein Microspheres Are 
Bonded to Large· ~~ 
Area Substrates ~J11 

Reactive microspheres are 
bonded to inert substrates. 

A new process grafts reactive micro­
spheres of known size onto iarge-area poly. 
meric spheres or films. The polymer surface 
is thus given desired functional properties, 
and the effective surface area is increased. 

Reactive cross·linked microspheies are 
produced under the influence of ionizing 
radiation in aqueous solutions of unsatu­
rated aldehydes, such as acrolein, with s0-

dium dodecyl sulfate. The diameters of the 
spheres depend on the concentrations of 
the ingredients and generally range from 
400 A to as small as 50 A. If a polystyrene, 
polymethylmethacryiate, or polypropylene 
object is immersed in the solution during ir­
radiation, microspheres become attached 
to its surface. The resulting modified sur· 
face has a grainy coating with a reactivity 
similar to that of the free microspheres. 

The aldehyde·substituted·functional mi· 
crospheres react under mild conditions 
with a number of organic reagents and 
with most proteins. Microsphere-coated 
macrospheres or films can therefore be 
used to to immobilize high concentrations 
of proteins, enzymes, hormones, viruses, 
cells, and a large number of organic com­
pounds. Potential applications include 
separation techniques, clinical diagnostic 
tests, catalytic processes, and battery sep­
arators. 

This work was done by Alan Rembaum 
and Richard C. K. Yen of Caltech for 
NASA's Jet Propulsion Laboratory. For 
further information, Orcle 96 on the TSP 
Request Card. 

Title to this invention, covered by u.s. 
Patent No. 4,534,996, has been waived 
under the provisions of the National Aero­
nautics and Space Act [42 U.S.c. 2457(f)] 
Inquiries concerning licenses for its com­
mercial development should be addressed 
to 

Edward Ansell 
Director of Patents and Ucensing 
Mail Stop 301-6 
California Institute of Technology 
1207 East California Boulevard 
Pasadena, CA 91125 

Refer to NPQ·15635, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 
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COSMIC: Transferring NASA Software 
COSMIC, NASA's Computer Software Manage­

ment and Information Center, distributes soft­
ware 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 addi· 
tional information on any of the programs describ­
ed here, circle the appropriate TSP number. 

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

Computer Programs 

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

MathemaUcs and 
Information SCiences 

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

COSMIC Is part of NASA's Technology Utiliza­
tion Network. 

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

VICAR/IBIS Software 
System 

A collection of programs 
provides extensive 
capabilities for the 
manipulation of imagery 
and geographical data. 

ISC 5 Guildline Calibration Services 

The VICAR/IBIS software system is a 
combination of the JPL VICAR (Video 1m· 
age Communication and Retrieval System) 
image-processing system and the JPL IBIS 
(Image Based Information System) geo­
graphic-information-management system. 
The VICAR/IBIS system provides the user 
with extensive general-purpose image­
processing capabil ities, as well as an in­
formation-management system for accept­
ing, converting, and operating on vector 
(graphical) and tabular data. The system 
can be used to perform various image­
processing functions on any sort of digit­
ized image data, including such remotely 
sensed data as those from the Landsat 
multispectral scanner. 

70 

The preCision measurement community is no 
stranger to Guildline Instruments . 
For over a quarter century, Guildline has supplied 
Prime Standards and instrumentation at the 
highest levels of accuracy and precision to 
National Laboratories and Primary Laboratories 
throughout the world . 
This experience and expertise is the foundation 
for Guildline's newest service to the test and 
measurement community ... GCS, Guildline 
Calibration Services. 
Located in central Florida, this Prime Standards 
Laboratory provides the following to customers 
nationwide: 

A Prime Standards Laboratory 

• Direct Traceability to NBS 
• Uncertainty levels comparable to National 

Standards 
• Compliance to MIL STDS 
• Automatic re-call notification 
• Detailed calibration reports 
• Rapid service from professional metrologists 
• A combined commitment to equipment, facility 

and staff of over $1 ,000,000. 

For calibration services second to none, contact: 
Guildline Calibration Services, 
Guildline Instruments, Inc., 
4403 Vineland Road, Suite B-10, 
Orlando, Fl32811-7335, (407) 423-8215. 
Fax: (407) 422-5987 
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The available image-processing func­
tions include picture comparison, picture 
expansion with noise elimination, convolu­
tion filtering, geometriC transformations, 
Fourier transformations, and many other 
manipulation and enhancement capabili­
ties. ln addition, the user is provided with an 
information-management system designed 
specifically for handling data related to im­
ages and the merger of image data with 
other types of data files. The VICAR/IBIS 
system offers the user a powerful system 
for analyzing, manipulating, and managing 
image data. 

The IBIS system offers a computer­
based approach to the management of 
geographical·information systems. By 
grouping selected functions from the IBIS 
library, a variety of spatial phenomena can 
be investigated. Tabular and graphical 
data can be stored in registration with im­
agery data in the form of overlaid data 
planes. Information can be derived from 
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Everyone's talking about it now, but we've been shipping it 
since 1982. And we've continued to set the real-time standard 
every year since. RTU™, our real-time enhanced UNIX 
operating system, provides guaranteed 
response plus the flexibility and compatibility 
of AT&T System V and 4.2 BSD. 

cientists, engineers, systems integrators, 
and OEMs can choose from a family of 
MC680301020-based multiprocessor 
computers, from 3 to 25 MIPS, with VMEbus™ 
and Multibus.™ They're designed for high­
performance applications in data acquisition, 
digital signal processing, imaging, 01, and 
real-time simulation. 

What's behind the trend to real-time UNIX? 
Want to learn how your real-time application can benefit 
from U IX power and compatibility? 

fill MASSCOMP 
UNIX Is a trade",ar. o{ A'ffir Bell Lab£ 
JlfASSCO.ItP and RTU arr trad.",arks o{ Massacbuse/ls Computer Corporation. 
VMEbus ;s a trademarlt of Motorola Corporallotl . Mull/bus ;s a trademark Of Inlel Corporation. 
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Send in the coupon below for your free copy of 
Understanding Real-Time UNIX, by Prof. John Henize. 

Get in tune with the best real-time systems 
available. 
1-800-451-1824 
(MA 508-692-62(0) 

Send tbis coupon to MASSCOMp, Dept. J-DNO, 
O,le Tecbnology Way, Westford, MA 01886 

D YES, please send a complimentary copy of 
Understanding Real-Time UNIX. 

o Send me information on MASSCOMP real-time 
computer systems. 

NAME _______________ _ 

TITU _______________ _ 

COMPANY ______________ _ 

ADOR ES ____ ___________ _ 

CITY _______ STATE ___ ZIP ___ _ 

PHONE _______________ _ 

MY APPLICATION IS: ____________ _ 



For the first time, users of Syste 
Announcing ETA System V. 

Until today, if you used a system based on the real AT&T 
UNIX System V operating system, your lips were sealed 
when it came to working with a supercomputer. Making the 
move to true supercomputing meant having to learn a 
complicated proprietary operating system. 

Those days are over. Because the first native operating 
system for a supercomputer based on AT&T's UNIX System V 
has arrived - ETA System V 

For the first time, users can work with the most powerful 

computers in the world using familiar commands. 
ETA System V meets all the requirements of AT&T's 

System V Interface Definition (SVID) Release 3.0. It has 
passed all 5,500 tests in the System V Verification Suite. It is 
also the only supercomputer operating system to support 
features like ipc, semaphores and shared memory. Unlike 
non-standard operating systems, ETA System V has the 
advantages of byte addressability, virtual memory support, 
BSD sockets and r-commands. 

ETA System V makes it possible to develop applications 
on industry-standard workstations compatible with AT&T's 

Copyright. 1988. ControJ Data Corporation. * UNIX is a registered trademark of A T&T. ETA and ET AID are trademarks of ETA Systems, Inc. 



n V can talk to a true supercomputer. 
UNIX System V and then compile and run them on any 
ETAI0 Supercomputer- from the affordable ETAI0-P, the 
ETAI0-Q and ETAI0-E to the world's most powerful 
supercomputer, the ETAlO-G. 

Now, all your present applications based on AT&T's 
UNIX System V can be ported easily to ETAlO Super­
computers. Programs that once took months to port now take 
hours. Because programs based on AT&T's UNIX System V 
don't have to be rewritten. 

ETA is also developing a library of applications specifically 
for AT&T's UNIX System V users in higher education environ-

ments. These applications include SPSS, IMSL and DI3000. 
If you know AT&T's UNIX System V, you now have a 

voice in supercomputing. Beginning today. 
Talk to your Control Data representative, or: ETA 

Systems, Inc., 1450 Energy Park Drive, St. Paul, MN 55108. 
Phone: (612) 642-3460. 

ETA 10 SUPERCOMPUTERS. 

<S 2> CONTI\OL DATA 
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simple associations and comparisons be­
tween two or more data files or from more 
complex procedures including polygon 
overlay and cross-tabulation. 

The VICAR program library is readily 
used for the generation, input, output, and 
processing of image data for the IBIS sys­
tem. The image analyst can use the 
VICAR/IBIS system with a minimum of pro­
gramming knowledge, a simple under­
standing of the operation of the system, 
and a minimum of input data. The analyst 
calls for automatic execution of one or 
more of the system programs, including 
the requisite image-data-management 
services, through a set of command in­
structions. 

The programs of the system are written 
to be flexible in application, with the user 
supplying only the parameters specific to a 
particular application. The system pro­
vides special-purpose input/output rou­
tines designed for the efficient transfer of 
image data with reduced memory require­
ments. New applications programs can be 
easily incorporated into the VICAR/IBIS 
system as they are developed. 

The VICAR/IBIS system is available for a 
period of 10 years to approved licensees. 
The licensed program product delivered in­
cludes the source code and supporting 
documentation. Mditional documentation 
may be purchased separately at any time. 

The VICAR/IBIS system is a system of 
programs and control procedures de­
signed for batch execution and is available 
in two machine implementations. The IBM 
version is written in FORTRAN IV, Assem­
bler, and OS JCL and has been implement­
ed on an IBM 360-series computer with a 
minimum central-memory requirement of 
approximately 140K of 8-bit bytes. The IBM 
version of the VICAR/IBIS system was re­
leased in 1979. The VIV< version is written 
in C and FORTRAN 77 and has been imple­
mented on a DEC VIV<-series computer 
operating under VMS 4.4 with a minimum 
disk quota of 150,000 blocks. The VIV< ver­
sion was released in 1987. 

This program was written by Danie/ F. 
Stanfill IV and Michael A. Girard of Caltech 
for NASA's Jet Propulsion Laboratory. 
For further information, Orcle 10 on the 
TSP Request card. NPO-17081 

Selected Tether 
Applications Cost Model 

Diverse cost-estimating 
techniques and data 
are combined into a 
single program. 

The Selected Tether Applications Cost 
Model (STACOM to) is an interactive ac­
counting software tool that provides means 
for combining several independent cost­
estimating programs into a fully-integrated 
mathematical model capable of assessing 
costs, analyzing benefits, providing file-
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handling utilities, and putting out informa­
tion in text and graphical forms to screen, 
printer, or plotter. The program is based on 
Lotus 1-2-3, version 2.0. It was developed 
to provide clear, concise traceability and 
visibility into the methodology and rationale 
for estimating costs and benefits of the op­
erations of the Space Station tether deploy­
er system. 

The key to the costing portion of the 
mathematical model is the Martin Marietta 
Cost Analysis pata Base, which provides 
historical cost data from previOUS programs 
in the form of cost-eslimating relationships. 
Typical inputs to STACOM include sub­
system component weights, operational 
time constraints, intravehicular and ex­
travehicular requirements, the mean times 
between the failures of components of 
equipment, effects upon and caused by 
the costs and other data of supporting pro­
grams, and the specific limitations and 
capabilities of transportation by shuttle. 
The program is centered around a primary 
driver worksheet and macro commands. 
All revised worksheet information is auto­
matically saved to different files during ex­
ecution of the model to maintain the integri­
ty of the original program. The use of Lotus 
1-2-3 software provides automatic recalcu­
lation of the worksheet upon revision of the 
mathematical model. 

STACOM has been implemented on an 
IBM PC or compatible computer. A mini­
mum of 256K of random-access memory 
is required. The program also requires at 
least one floppy-diskette drive and the 
Lotus 1-2-3, version 2.0 or greater. The use 
of a color video monitor and an appropriate 
adapter board is recommended. The pro­
gram was released in 1988. 

This program was written by Michael G. 
Keeley of Martin Marietta Corp. for Mar· 
shall Space flight Center. For further in­
formation, Orcle 93 on the TSP Request 
card. MFS-28260 

Input/Output Subroutine ~J 
Library Program ~jI 

This efficient, easy-to-use 
program can be moved easily 
to different computers. 

The purpose of NAVIO, Input/Output 
Subroutine Ubrary, Is to provide an input/ 
output package of software for FORTRAN 
programs that is portable, efficient, and 
easy to use. NAVIO is implemented as a 
hierarchy of libraries. At the bottom is a 
very small library containing the only non­
portable routines called the " I/O KerneL" 
This deSign makes NAVIO easy to move 
from one computer to another, by Simply 
changing the kernel. 

NAVIO is appropriate for a software sys­
tem of almost any size wherein different 
programs communicate through files. 
NAVIO is not appropriate for maintaining a 
data base where records must be added to 

OMNI 2400 CDS 
52 bit plane true color 

• Multiple graphics channels 

• 1280 by 1024 resolution 

• 4-bit plane independent 
overlay 

• On-board GKS superset 

• For ATTM bus, Multibus IITM 
and host-independent 
configurations 

OMNI 1500 CDS 

OnlDiCOnll 
Graphics Corporation 

1734 West Belt North 
Houston, TX 77043 U.S.A . 

(713) 464-2990 / FAX (713) 827-7540 

AT is trademark IBM, Multi bus is trademark Intel 
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The 93C pet10rms with ~ sensor type-indud­
Ing I.aka Shbre's magnetic fieId-Indep8rident capac­
Itance sensors. Up to 25 custom sensor calibrations 
may be programri1ed from the front panel. 

Look to Lake Shore. Let us show you the advan­
tages of our 93C ControHer's solo perfoonance. 

LakeShore 
S , INC. 

64 East Walnut Street. Westerville. Ohio 43081 
(614) 891-2243 Telex: 24-5415 Crvotron WTVL Fax: (6141 891-1392 

Get measurable performance from Lake Shore's luI/line of sensors 
and sensor calibration service. 

e1988 Lake Shore Cryotron,cs. Inc. CRY-5 
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and deleted from an existing file. In addition 
to the standard routines that open, read, 
write, and close files, NAVIO also performs 
scatter reads (reads one record into 
several different arrays), gather writes 
(writes several different arrays into one 
record), buffer input/output, the copying of 
a portion of one file into another, condi­
tional copying of records, and searches of 
records. 

NAVIO can provide direct access to indi­
vidual records without either the usual re­
strictions of a direct-access file or the over­
head of an indexed file. A NAVIO file has a 
simple tree structure. Conceptually, a file is 
a collection of groups, a group is a collec­
tion of items, and an item is a sequence of 
one or more records. The only major re­
striction of NAVIO files is that all the rec­
ords in an item must be written before a 
new item is initiated, and all items in a 
group must be written before a new group 
is initiated. However, once a file is written, 
groups, items, and records can be read in 
any order. Every record in an item must be 
of the same type of data (character, double 
precision, integer, logical, or real). Items in 
a group do not have this restriction. 

NAVIO is written entirely in DEC VPV< 
FORTRAN 77. It has been implemented on 
a VPV< computer operating under VMS 4.1 
or higher, with a maximum central-memory 
requirement of 58 Kbytes. The program 
was developed in 1985. 

This program was written by James B. 
Collier of Caltech for NASA's Jet Propul· 
slon Laboratory. For further information, 
Circle 78 on the TSP Request Card. 
NPO-17053 

Production of Viewgraphs 
With TEX 

Typesetting functions are 
grouped conveniently. 

TEXVIEW is a software package of TEX 
macros that facilitate the production of 
viewgraphs. TEXVIEW is based on TEX, a 
public-domain typesetting language devel­
oped by Dr. Donald Knuth of Stanford Uni­
versity. The TEXVIEW macros are grouped 
into the following categories: format con­
trol, indentation contrOl, font control, spac­
ing control, graphical control , and page lay­
out. 

TEXVIEW is written in TEX. Optional com­
mand procedures and command definition 
files for producing a high-speed version 
when run under VPV<IVMS are included. Al­
though implemented on a VPV< under VMS 
4.)(, TEXVIEW is independent of the com­
puter and output device. The program was 
developed in 1987. 

This program was written by Peter J. 
Scott of Caltech for NASA's Jet Propul· 
slon Laboratory. For further information, 
Circle 60 on the TSP Request Card. 
NPO-17299 
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Quickly Removable Valve 
A conceptual unit could be removed with minimal disturbance. 

Lyndon B. Johnson Space Center, Houston, Texas 
A proposed valve could be quickly and 

easily removed and replaced in a fluid line 
without disturbing the mechanical ar­
rangement of the pipe. The valve would be 
useful where the disturbance of a fluid line 
is detrimental or where fast maintenance 
is essential - in the oil and chemical in­
dustries, automotive vehicles, aircraft, and 
powerplants, for example. 

According to the concept, the valve inlet 

Actuator 

and outlet ports would be adjacent to each 
other on the same side of the valve body 
(see figure). The ports would be inserted in­
to a special manifold on the fluid line. The 
valve body would be attached to the mani­
fold by four bolts or, alternatively, by toggle 
clamps. An electromechanical actuator 
could move in a direction parallel to the 
fluid line to open and close the valve. 

When it is necessary to clean the valve, 

Valve 

Separation Plane 

Outlet Inlet 

~~---------C~~~~==~Y'~~~~~~~~~ 
Redundant 

Shank Seals 

it could be removed Simply by opening the 
bolts or the toggle clamps. There would be 
no need to move or separate the ports of 
the fluid line. 

This work was done by John S. Robbins 
of Rockwell International Corp. for John­
son Space Center. No further documen­
tation is available. 
MSC-21237 

Alternative 
Face Seals 

The Inlet and Outlet Ports of the quickly removable valve would be Inserted Into a manifold In a fluid line. 

Measuring Vibrations With Nonvibration Sensors 
Normally undesired responses are exploited to obtain less intrusive or nonintrusive measurements. 

Marshall Space Flight Center, Alabama 
Information about the vibrations of a amplitudes. This type of analysis is useful those components of the sensor output 

structure and/or of a nonvibration sensor where limited vibrational data are required Signal that arise from the usually small and 
attached to the structure can be extracted but the part to be measured is inaccessible normally undesired response of the sensor 
from the output of the sensor. For example, or would be perturbed excessively by ac- to vibrations. The sensor is operated in the 
the output of a pressure or temperature celerometers, strain gauges, or other con- usual way except that, in addition, its out-
sensor can be analyzed to obtain vibration- ventional vibration sensors. put is fed to a power-spectral-density an-
al frequencies and approximate relative The vibrational data are obtained from alyzer (see figure). The vibrational com-
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Sensor 

Sensing Element 
(Pressure Gauge, Strain 

Gauge, Thermocouple, etc.) 

Recorder 
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Signal 
Processor 

Power Spectral 
Density Plot 

Vibrational Data Are Extracted from the output of a nonvibration sensor. The normal operation of the sensor is not disturbed by the addition 
of a signal processor. 

ponents are usually easily distinguishable 
in the analyzer output because they usually 
have frequencies much higher than those 
of the more-slowly-varying temperature, 
pressure, or other normally desired com­
ponents. 

The spectral-analysis technique was ap­
plied successfully to high-frequency resist­
ance changes in the output of a platinum-

wire resistance thermometer: vibrational 
peaks in the resistance frequency spec­
trum were confirmed by the spectrum 
from an accelerometer. The technique 
also showed a predicted 17 -kHz vibrational 
resonance in a strain-gauge-supporting 
beam in a pressure sensor. 

This work was done by Arthur J. Hill of 
Rockwell International Corp. for Marshall 

Space Aight Center. For further informa­
tion, Circle 127 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 26]. Refer to 
MFS-29200. 

Easy-To-Use Connector-Assembly Tool 
A tool compensates for the user's loss of dexterity under awkward conditions. 

Marshall Space Flight Center, Alabama 
A handtool helps heavily gloved workers 

remove and replace electrical connectors 
and similar parts. It can also be adapted to 
handling and positioning extremely-hot or 
extremely-cold fluid lines, contaminated 
objects, abrasive or sharp objects, fragile 
items, and soft objects. 

The tool has jaws that swivel over 180 0 

so that their angle can be adjusted with re­
spect to the handles. They can thus be ori­
ented and held in a position that is most 
comfortable and effective for the user in a 
given situation. The jaws are lined with rub­
ber pads so that they can conform to Irreg­
ularly shaped parts and grip them firmly but 
gently. 

Once the tool engages a part, it can be 
locked on it so that the user can release the 
handles without losing the part. A ratchet 
mechanism in the tool allows the user to 
work the handles back and forth in a con­
fined space to connect or disconnect the 
part. 

The tool can be quickly positioned, 
locked, and released. It gives the user a 
feel of its grip on a part. Unlike conven­
tional pliers, it frees the grasping muscles 
from work during part of the task, gMng the 
user greater freedom to move the hand. 
The tool can be operated with only one 
hand, leaving the user's other hand free to 
manipulate wiring or other parts. 

The user positions the tool over a con­
nector and squeezes the handles together. 
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This causes the tool to grasp the connector 
lightly so that the user can check the align­
ment and seating of the connector in the 
jaws. Once the connector is in the proper 
position, the user squeezes the handles 
further, locking the jaws on the connector. 
Using wrist action, the user then twists the 
connector shell into place in the electrical 
assembly. The user presses a release lever 
with the thumb to disengage the pawl, there­
by releasing the jaws for removal of the tool 
or to relax the grip to reposition the tool on 

the part. 
This work was done by John W. 

Redmon, Jr. , and Fred Jankowski of Mar· 
shall Space Aight Center. For further in­
formation, Circle 85 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 26]. Refer to 
MFS-2823Z 

Handles and Jaws are linked by the tool housing, which contains a ratchet mechanism. 
Here, the Jaws grip an electrical connector. 
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Measuring Liquid Drops in Gas Flow 
A photographic method reveals size distributions and flow rates. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
~------------------------------------------------------~ A nonintrusive optical technique ena· 

bles the measurement of drops of water in­
gested through an aircraft-engine nacelle. 
The use of the technique yields drop sizes, 
the spatial distribution of drops at the 
nacelle inlet, and the instantaneous rate of 
mass flow of liquid water into the nacelle. 
The technique is used in research on the 
ingestion of water from heavy rain or wheel 
spray, but can be adapted to any droplet­
laden gas stream. 

The drops are photographed by the light 
of a laser beam directed across the nacelle 
inlet (see figure). The beam is shaped by a 
beam expander and slit into a sheet 9 mm 
thick. The exposure time is only 10 ns­
the length of a laser pulse, and the drop 
motion is therefore frozen in each of the 
series of photographs. Fluorescent dye 
added to the water improves the edge defi­
nition of the photographic images of the 
drops; the scattered laser light and its inter­
ference effects can be filtered out and only 
light at the fluorescence wavelength 
photographed. 

An automated digital image-processing 
system analyzes the photographs. The im­
age processor is a commercial unit em­
ploying a vidicon, random-access memory, 
digital video processor, and color video 
display. It is used in combination with 
specially developed software in a host 
computer. The image-processing algo­
rithm detects drop edges, defines the drop 
boundaries, calculates the areas of the 
drop images, computes the drop diame­
ters from the areas, constructs drop-size 
distributions, and determines the total 
water content of the illuminated sheet. 

Double-pulse photography is used to de­
termine the velocities of droplets for use in 
calculating the instantaneous mass flow 
rate of the airborne liquid water; the drop 
flow is illuminated by two pulses of a laser, 
50 to 200 jJS apart. Thus, two images of 
each drop appear in the photograph, and 
the drop velocity is calculated from the dis­
tance the drops have moved in the known 

Nacelle 
Inlet Plane 

Light 
Sheet 

Camera 

A Thin Cross Section of the alr-and-waterdrop flow close to the nacelle Inlet plane is illumi­
nated by a sheet of light from a pulsed laser. A camera photographs the waterdrops in the 
light sheet. 

interval between the pulses. The product of 
the calculated liquid-water content per unit 
flow-path length over the front of the na­
celle area and the drop velocity gives the 
instantaneous rate of ingestion of liquid 
water. 

The optical and image-analysis systems 
were tried in a water-ingestion simulator in 
an open-circuit wind tunnel, and its results 
were compared with the known time-aver­
aged rate of flow of water. The optically-de­
termined flow rate turned out to be about 
10 percent higher than the actual rate. 

This 'Nark was done by Pradip G. Parikh, 
Miguel A. Hernan, Virendra Sarohia, and 
Andre H. Yavrouian of Ca/tech for NASA's 
Jet Propulsion Laboratory. For further in­
formation, Circle 30 on the TSP Request 
Card. 

Inquiries concerning rights for the com­
mercia/ use of this invention should be ad­
dressed to the Patent Counsel, NASA Resi­
dent Office~PL [see page 26). Refer to 
NPO-16950. 

Bearing/Bypass Material-Testing System 
The system maintains a constant ratio of bearing to bypass loading during testing. 

Langley Research Center, Hampton, Virginia 
Structural failures often originate at 

fastener holes in joints. The local loading 
near a fastener typically consists of two 
components: (1) a bearing load component 
that is reacted at the hole and (2) a "by­
pass" load that is reacted elsewhere. In 
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general, failures at holes are governed by 
the combined action of these two load 
components. As a result, material-eval­
uation tests for jOints should include the 
combined effects of bearing and bypass 
loading. In such tests, a wide range of ten-

sion-and compression-load combinations 
are needed to represent fastener-hole con­
ditions, but for each combination the ratio 
of bearing load to bypass load is nearly 
constant. 

The currently used methods for com-
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bined bearingJbypass testing are either 
limited to tensile loading or cannot main­
tain constant bearing/bypass load ratios 
throughout the testing. The present system 
was developed to test specimens in com­
pression as well as tension while maintain­
ing a constant bearing/bypass ratio. 

A test specimen with a centrally located 
hole is clamped between two bearing­
guide plates using one bolt, as shown in the 
figure. The bearing.guide plates are then 
secured to the two bearing-load cells. The 
test specimen is independently loaded at 
both ends, using two separate control sys­
tems identified as applied and bypass. If 
the two end loads are unequal, the differ­
ence between them is reacted as a bolt­
bearing load on the specimen. 

Throughout the test, the two control sys­
tems are synchronized by a common input 
signal (an increasing voltage). As a result, 
the loads remain proportional as they in­
crease. Maintaining a constant ratio be­
tween the two end loads produces the de­
sired constant bearing/bypass load ratio. 
The two loading systems can be adjusted 
to produce any desired value of bear­
inglbypass ratio. The loads on the speci­
men are recorded as it is loaded to failure. 

The bearing/bypass material-testing 
system works equally well in tension and 
compression. When testing in compres­
Sion, the bearing.guide plates prevent the 
specimen from buckling. Fatigue bearing/ 
bypass loading can also be created by 
using a cyclic input Signal. 

This work was done by John H. Crews, 
Jr., of Langley Research Center. Further 
information may be found in NASA TM-
87705 [N8fr236m'NSP] "Combined Bear-

Hydraulic 
Cylinder 

Specimen 

Hydraulic 
Cylinder 

The Bearing/Bypass Testing System works equally well In tension and compression. It can 
also be used in cyclic testing. 

ing and Bypass Loading on a Graphite/ 
Epoxy Laminate ". 

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) 33fr4700. 

This invention is owned by NASA, and a 
patent application has been filed. /n­
quiries concerning nonexclusive or ex­
clusive license for its commercial de­
velopment should be addressed to the 
Patent Counsel, Langley Research Cen­
ter [see page 26]. Refer to LAR-13458. 

Semiautomatic Probe-and-Drogue Attachment Mechanism 
Spring-loaded pawls would provide quick coupling. 

Lyndon B. Johnson Space Center, Houston, Texas 

In a proposed probe-and-drogue attach­
ment mechanism, all of the active compo­
nents are in the probe. The drogue is a sim­
ple fixed cavity, which should require no 
maintenance. Previous designs had active 
drogue mechanisms, which would be diffi­
cult to replace if damaged. 

stresses and bending moments are rea­
sonably low. 

As the probe enters the drogue during 
coupling (see Figure 2), three spring-load-

ed pawls in the probe latch the probe in the 
drogue, preventing accidental uncoupling. 
Then a worm.gear mechanism turned by a 
standard O.25-in. (6.35-mm) tool transfers 
motion to a central threaded shaft, which 
extends the cap at the tip of the probe until 
all play is taken up. This centers the probe 
in the drogue and renders the coupling 

v 
Probe -----­Drogue 

The proposed probe-and-drogue mech­
anism is suitable for the attachment of 
components that must later be disconnect­
ed (see Figure 1). Precise alignment is not 
required prior to coupling, but is achieved 
after coupling by extending a locking cap. 
The new mechanism was originally pro­
posed for attaching modules to the Space 
Station without requiring extravehicular or 
other astronaut activity. It should be useful 
for coupling modular components in other 
applications where ease and security of at­
tachment, precise final alignment, and 
ease of removal are important and where 

Figure 1. The Probe-and-Drogue Mechanism could be used to attach and detach compo­
nents of modular structures. 
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( 

PROBE ENTERS DROGUE 

PAWLS SNAP ONTO CATCH PLATE 

CAP PRESSES AGAINST INNER CONICAL SURFACE 

CAP IS RETRACTED, PAWLS ARE 
PULLED IN, AND PROBE IS RELEASED 

Drogue . 
1 

Figure 2. Spring·Loaded Pawls latch automatically when the probe enters the drogue. The 
probe is locked in position when the cap is forced against the Inner conical surface of the 
drogue. To disconnect the probe from the drogue, the cap Is retracted enough to cause the 
pawls to fold Into the body of the probe. 

rigid. 
To uncouple the probe, the worm gear is 

turned in the opposite direction to retract 
the probe cap. As it retracts, the rear of the 
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cap depresses the three pawls into the 
body of the probe. This frees the probe for 
easy removal. Prior to recoupling, the cap 
must be partially reextended to allow the 

pawls to extend again. 
Th is work was done by John D . 

Wanagas of Rockwell International Corp. 
for Johnson Space Center. No further 
documentation is available. 
MSC-21254 

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. 

Computational Methods for 
Composite Structures 
Computer codes simulate a 
variety of effects in 
fiber/matrix composites. 

Selected methods of computation for 
the simulation of the mechanical behavior 
of fiberlmatrix composite materials are 
described in a report. The methods en­
compass mechanics, impact, progressive 
fracture, and specific structural com­
ponents. The methods demonstrate the ef­
fectiveness of computational simulation as 
applied to complex composite structures 
in general and aerospace-propulsion 
structural components in particular. 

For each method, the report describes 
the significance of the behavior to be 
simulated, the procedure for simulation, 
and representative results. The following 
applications are discussed: 
• Effects of progressive degradation of in­

terply layers on the responses of compos­
ite structures, 

• Dynamic responses of notched and un-
notched specimens, 

• Interlaminar fracture toughness, 
• Progressive fracture, 
• Thermal distortions of sandwich compos­

ite structures, and 
• MetaJ-matrix composite structures for use 

at high temperatures. 
By virtue of their complexity, the meth­

ods are computationally intensive. By ne­
cessity, they are in the form of independent 
computer codes or are embedded as mod­
ules in more general codes for the analysis 
of structures. 

This work was done by Christos C. 
Chamis of Lewis Research Center. Fur­
ther information may be found in NASA 
TM-88965 [N87-18614INSPJ. "Computa­
tional Composite Mechanics for Aero­
space Propulsion Structures." 

Copies may be purchased [prepayment 
required] from the National Technical In­
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. 
Rush orders may be placed for an extra fee 
by calling (BOO) 336-4700. 
LEW-14640 
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Manipulator for 
a Vacuum Chamber 
A rotary seal provides for 
external actuators. 

Goddard Space Flight Center, 
Greenbelt, Maryland 

A manipulator precisely positions 0b­
jects in a vacuum chamber. The motion of 
the externally driven manipulator does not 
appreciably increase demands on the vac­
uum pump at pressures as low as 10 - 7 

torr (about 10 - 5 Pa). The manipulator was 
developed for calibrating plasma detectors 
by subjecting them to particle beams in a 
vacuum. Standard, commercially available 
parts are used. 

External up/down and azimuthal actua­
tors drive a shaft that enters the vacuum 
chamber through a sliding and rotating 
seal (see figure). The placement of the ac­
tuator motors outside the vacuum cham­
ber reduces the heat-removal load on the 
system. Atop the 2.5-qmdiameter shaft is 
a stage that can support masses as great 
as 15 kg. Small motors on the stage pro­
vide horizontal translation and rotation in a 
vertical plane. 

A computer controls the motors and 
measures angles and positions, providing 
an accurate and convenient readout. Verti­
cal and horizontal positioning is precise to 
±25~. The angular precision is ±0.01 0 . 

This work was done by F. Hunsaker and 
K. Ogilvie of Goddard Space Flight 
Center. No further documentation is 
available. 
GSC-13130 

Motor 

86 Angular-Momentum­
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Motor 
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The Positioner In the Vacuum employs four actuators: up/down, horizontal rotary, horizontal, 
and vertical rotary. 

Air-Operated Sump Pump 
A compact unit raises water 85 ft. 

push the liquid upward through a long pipe. 
When the liquid rises into the pump 
chamber, it raises a float that actuates a 

------------------------------ timer. The timer opens a normally closed 
solenoid valve, which admits air at 120 
Ib/in.2 (827 kPa) to the pump from a remote 

Ames Research Center, Moffett Field, California 
A pump removes liquid seepage from a from a sump pit 85 ft (25.91 m) deep. It fits supply. The air pressure forces the liquid up 

small, restricted area and against a large in a space only 6% in. (16.5 cm) in diame- the outlet pipe (see figure). As the liquid 
pressure head. The pump was developed ter and 18 in. (45.7 em) long. level falls in the pump, the float drops and 
for moving small amounts of water and oil The pump employs high-pressure air to deactivates the timer. The solenoid valve 
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PUMP AND FLOAT CHAMBERS 

In the Discharge Part of the Pumping Cy­
cle, air forces liquid out of the pump 
chamber through a pipe. During the filling 
part of the pumping cycle, water enters the 
pump chamber from the sump pit. A float in 
a chamber next to the pump chamber con· 
trois the pressurization through a timer and 
solenoid valve. 
returns to its normally-closed position and 
shuts off the pressurized air. 

f1s the liquid rises again into the pump 
chamber from the sump pit, it pushes open 
the flat-plate valve at the base of the pump 
and refills the pump chamber. When the 
liquid reaches a sufficient height, the float 
mechanism actuates the timer, and the 
pumping cycle repeats. If the flat-plate 
valve is still open when the pumping starts, 
the pumping pressure closes it. 

The pump requires no high voltages in 
the sump pit: a 12·V supply is all that is 
needed for the timer and solenoid. The 
pump is simple mechanically and electri­
cally and inexpensive to operate. It is in­
stalled simply by lowering it into the sump 
pit by its electrical and pressure lines. 

This work was done by Gary D. Nolt of 
Ames Research Center. No further docu­
mentation is available. 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent 
Counsel, Ames Research Center [see 
page 26]. Refer to ARC-11414. 
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Device Rotates 
Bearing Balls 
for Inspection 
The entire surface 
of a ball is inspected 
automatically and quickly. 

Marshall Space Flight Center, 
Alabama 

A device holds and rotates a bearing ball 
for inspection by an optical or mechanical 
surface-quality probe, an eddy-current 
probe for the detection of surface or subsur­
face defects, or a circumference-measur­
ing tool. The device ensures that the entire 
surface of the ball is moved past the in­
spection head quickly. Because manual ro­
tation of a ball is slower and does not 
always result in inspection of the entire sur­
face, the new device saves time and in­
creases the reliability of inspections of 
spherical surfaces. 

The device includes a counterbalanced 
arm with a rotating<lisk attachment (see 
figure). Mounted on the base of the device 
is a cylindrical pedestal that seats a ball 
and holds the inspecting transducer under 
the ball. The arm is lowered to place the 
rubber-padded disk on top of the ball. The 
disk rotates and the arm is swept horizon­
tally from side to side, causing the ball to ro­
tate about rotating axis. Although such ro­
tational motion is not strictly random, in 
practice it brings the entire surface of the 
ball within range of the inspecting trans­
ducer at some time during the inspection. 

Interchangeable pedestals are easily 
made to accommodate balls of different 
sizes. The device is simple to operate and 
provides quick and easy access for the 
loading and unloading of the balls during 
the inspection. 

This work was done by R. K. Burley of 
Rockwelllnternationa/ Corp. for Marshall 
Space Flight Center. For further informa­
tion, Circle 64 on the TSP Request Gard. 
MFS-19717 

Crankpln 
To Slide In 

Slot, Producing _,....--F~rM 
Sweeping Motion 

Motor To 
Sweep Arm 

From Side to Side 

Base 

ARM RAISED FOR INSERTION OR REMOVAL OF BALL 

ARM LOWERED TO PLACE DISK ON BALL 

Pedestal 

The Disk Is Placed on the Ball, rotated, and swept from side to side to rotate the ball to all 
orientations of interest for inspection. 

Angular-Momentum-Compensating Actuator !'J A rotary actuator imparts no torque to its supporting base. 
tum imparted to the spacecraft when an in­
strument is pointed in a new direction. The 
actuator can be used on Earth in such sys­
tems as helicopter platforms for television 
cameras in law enforcement and news 
telecasts. 

NASA 's Jet Propulsion Laboratory, Pasadena, California 
A precise aiming actuator for an instru­

ment platform suppresses reactions in its 
supporting txxly to the torques that occur 
when the aiming angle is changed. The re­
action less actuator was developed for in­
strument-pointing platforms on flexible 
spacecraft; by eliminating reactions, the 
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actuator can change the aiming angle of 
the platform without inducing vibrations in 
the spacecraft, which in turn eliminates vi­
brations in the pointing angle of the in­
strument platform. The absence of reac­
tions also makes it unnecessary to use 
thrustor fuel to correct for angular momen-

The actuator employs a pair of counter­
rotating brush less dc motors on a common 
axis (see figure). The direct-drive motor aJF 
plies torque between the supporting base 
and the instrument platform to compen­
sate for the torques exerted by friction and 
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by the bending of cables in the rotary joint 
between the platform and the base. The re­
action-wheel motor applies torque be­
tween the platform and a reaction wheel to 
turn the platform. 

The motors are commutated electroni­
cally by a hybrid analog/digital control 
system that responds to a platform-turning­
rate command and to turning-rate feed­
back signals from angle resolvers in the 
motors and from a turning-rate gyroscope 
on the platform. The control system issues 
torque commands to the motor-drive elec­
tronics according to a control algorithm 
that strives continually for zero net torque 
on the supporting base. The control algo­
rithm also strives to prevent the excessive 
buildup of angular momentum in the reac­
tion wheel. 

This work was done by Peter J. Wiktor of 
Caltech for NASA's Jet Propulsion lab­
oratory. For further information, Circle 43 
on the TSP Request Card. 
NPO-16928 

The Reaction Wheel negates the effects of 
torque and angular momentum of the rota­
ting platform. The direct-drive motor re­
places the energy lost to bearing friction 
and to torque exerted by electrical cables. 

Instrument 
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Stacked-Disk Combustor 
Materials could be chosen for strength rather than for thermal conductivity. 

Marshall Space Flight Center, Alabama 
A proposed combustion chamber for 

turbine or rocket engines would be con­
structed of stacked disks. The disks would 
be successively shaped to provide the re­
quired aerothermodynamic contour in the 
chamber and would incorporate internal 
cooling passages. Clamped and diffusion­
bonded or otherwise bonded together, the 
stacked disks would form a combustion 
chamber that could be operated for great­
er efficiency at pressures and tempera­
tures higher than those of a conventional 
tube-wall combustion chamber. 

With leakproof internal transpiration 
cooling of the chamber, the disk material 
could be chosen primarily for strength 
rather than as a compromise between 
strength and heat conductivity. The weight 
of the combustion system or engine may 
be reduced as a result. 

The disks would be made of thin sheets, 
perhaps 3 to 5 mils (76 to 127/-1m) in 
thickness. They would be cut to the requi­
site shapes inexpensively by photolithogra-
phic masking and etching. TIle patterns 
might be established by computer-aided 
design and executed automatically at high 
production rates. 

This work was done by Walter B. Ingle of 
Rockwell International Corp. for Marshall 
Space flight Center. No further docu-
mentation is available. MFS-29333 
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SIDE VIEW IN CROSS SECTION 

Stack of 
Disks 

Fuel 

• 

SECTION A·A 

Stacked Washertlke DIsks would accommodate built-in coolant passages while providing a 
combustion zone of Ideal shape. Fuel would flow through the coolant passages where it 
would be preheated before entering the combustion zone through passages in the disks. 
Here, eight coolant passages are shown in the cross section, although the number in a par­
ticular application would be determined by the required rate of flow of fuel and pressure 
drop. 
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Mold for Casting 
Radius-Inspection 
Specimens 
Thin replicas can be viewed on 
a comparator without 
sectioning. 

Marshall Space Flight Center, 
Alabama 
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Inaccessible regions on manufactured 
parts are sometimes inspected by making 
castings of the regions and then viewing 
sections of the castings on comparators. A 
special mold is designed to make thin cast· 
ings that can be viewed on a comparator 
and that do not have to be sectioned from a 
larger casting. In the situation in which the 
mold was conceived, the time required to 
inspect elliptical radii located at the bot­
toms of a series of small posts was re­
duced from 18 hours to 3 hours. 

Notes: 

Previously, the sections to be inspected 
were cut from castings that encircled the 
posts. The casting and sectioning process 
often gave poor results and had to be re­
done. With the new mold, casting rarely 
needs to be redone, and results are more 
accurate and repeatable. 

The new mold (see figure) is machined 
from a piece of transparent poly(methyl 
methacrylate). It fits around the base of the 
post. Two slots machined into the inner 
surface form channels for casting the in­
spection sections. The bottom of the mold 
fits flush against the surface around the 
bottom of the post. In the example shown, 
that surface happens to be slanted, so the 
mold automatically aligns itself in the prop­
er orientation. 

1. Dimensions are 
in inches. 

2. These Dimensions are 
for example only. 

0.85 

25' ± 30' 

I 

TOP VIEW 

SIDE VIEW 

II 
II 
II 
II 
I I 
, I 

-i I 
I I 
I I 
I I 
I I 

Slots to be filled 
by casting material 
after placement 
of mold on post 
to be inspected. 

0.090 ± 0.005 

1.50 

This work was done by Robert N. Ball of 
Rockwell International Corp. for Marshall 
Space Alght Center. No further docu­
mentation is available. MFS-29237 

A Plastic Mold is used to cast inspection sections for direct viewing on a comparator. In this 
example the castings enable the inspection of elliptical radii at the bottoms of posts that are 
not accessible to direct inspection. 

Making Smaller Microshells From Refractory Metals 
~J The tendency toward gas porosity would be exploited. 

NASA 's Jet Propulsion Laboratory, Pasadena, California 

A proposed process for making ultra- the molten metal freezes. The process such current processes as those based on 
microshells would ' exploit the great de- would produce smaller shells in a greater hollow-jet instability, dry-chemical blowing, 
crease in solubility of a gas in a metal as variety of materials than is possible with or fluid-droplet drying. Moreover, the shell 
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aspect ratio (the ratio of the radius to the 
wall thickness) would be controllable. The 
new process would make shells having di· 
ameters smaller than 100,.,,-n. There are 
several candidate shell materials including 
refractory metals. 

Molten metal would be saturated with a 
gas (hydrogen, oxygen, or nitrogen, for ex' 
ample) and atomized into droplets about 10 
to 20 I-'rTl in diameter. As they fall in a drop 
tube (see figure), the droplets would then 
cool primarily by radiating heat so that they 
would solidify from the outside inward. As 
the metal cools, much of the dissolved gas 
would come out of solution and move to­
ward the hotter region at the center of a 
droplet, where it would form a bubble. The 
result would be a thick-walled, hollow 
sphere, 10 to 20/AlTl in diameter, pressur­
ized with gas. 

Substantial amounts of gas would be re­
leased to the droplet center by the cooling 
metal. Molten iron, for example, holds 
27 cm3 of hydrogen per 100 grams at 
1 atm (105 Pa) pressure, but 100 grams of 
solid iron holds only 7 cm3. As much as 
20 cm3 of hydrogen would therefore be re­
leased by every 100 grams of solidifying 
iron. 

The shells thus formed would ordinarily 
have an aspect ratio less than 2. If a higher 
ratio is wanted, the thick-walled shells 
would be remelted in a drop tube contain­
ing a gas at a reduced pressure. The pres­
surized core gas would expand the shells 
and thereby reduce the wall thicknesses. 
The pressure and the cooling rate would be 
controlled to give the required final size 
and aspect ratio. 

This work was done by Mark C. Lee and 
Christopher Schilling of Ca/tech for 
NASA's Jet Propulsion Laboratory. For 
further information, Circle 6 on the TSP Re­
quest Card. 

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

Edward Ansell, 
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Director of Patents and Ucensing 
Mail Stop 301-6 
California Institute of Technology 
1207 East California Boulevard 
Pasadena, CA 91125 

Failing Through a Drop Tube, fine drops of molten metal lose heat to the surroundings, form­
ing hard shells around the precipitated gas. A second heating/cooling cycle in a drop tube of 
lower pressure lets the gas expand. 

berofthis NASA Tech Briefs issue, and the 
Refer to NPO-16635, volume and num- page number. 

Tool for Tinning Integrated-Circuit Leads 
As many as eight flatpacks can be held. 

Lyndon B. Johnson Space Center, Houston, Texas 
A tool holds flatpack integrated circuits 

so that their leads can be tinned. The tool 
accommodates several flatpacks for si­
multaneous dipping of leads in molten 
solder. It can be adjusted to accept flat­
packs in a range of sizes. 

NASA Tech Briefs, October 1988 

The tool is made of fiberglass boards. It 
clamps a row of flatpacks by their leads so 
that leads on the opposite side of the pack­
ages can be dipped (see figure). After dip­
ping, the nuts on the boards are loosened, 
the flatpacks are turned around, the nuts 

are retightened, and the untinned leads are 
dipped. Strips of magnetic material grip the 
leads of the flatpacks (which are made of 
Kovar, a magnetic iron/nickel/cobalt alloy) 
while the boards are being repositioned. A 
micrometerlike screw is used to adjust the 
exposed width of magnetic strip to suit the 
dimensions of the flatpacks. 

The tool can be redesigned to handle 
larger hybrid packages. It can also be 
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Adjustable Boards Clamp Flatpacks for dipping in solder. The flatpacks, mounted here only on the left side of the tool, can also be clamped 
on the right side. The screwdriver can be inserted on either side of the tool. 

adapted to axial-lead components like re­
sistors, capacitors, and diodes. 

C 
& D testing multilayer ceramic 
capacitors isn't enough. Testing 
the high voltage characteristics 

of your capacitors is just as important. 
The Model 5300 Flash Tester provides 
a Dielectric Withstanding Voltage Test 
that meets MIL-39014C. 

Use the Model 5300's unique con­
stant current flash test technique for 
incoming inspection and component 
verification. The technique that provides 
more peak power to the component 
than any other flash testing method. 

Find your ultimate breakdown volt­
age. Use the 5300's unmatched break­
down test mode to detect safety margin 
over your capacitors' operating voltage. 

This work was done by Gregory N. 
Prosser of Martin Marietta Corp. for 

With test fixtures for leaded and 
surface-mount capacitors, the 5300 is 
the economic high voltage test solution 
for ceramic capacitors that adds a new 
dimension to your capacitor evaluation. 

Ask how to qualify your capacitors 
to MIL-Spec reliability. 

Call today: 1-800-547-1863 
In Oregon call 503-641-4141. 

90 Clrcl. R •• der Action No. 625 

Johnson Space Center. No further docu­
mentation is available. MSG-21261 

Antireflection/­
Passivation Step for 
Silicon Cells 
A new process excludes the 
usual silicon oxide passivation. 

NASA's Jet Propulsion 
Laboratory, Pasadena, California 

An antireflection coating for silicon solar 
cells also passivates the silicon surface, 
making an extra passivation step unneces­
sary during fabrication of cells. The coating 
consists of a double layer, one of titanium 
oxides (TiO~ and the other of /lJ203' 

The TiOxand /lJ203are deposited on the 
cell after the junction has been formed and 
the contacts have been metalized. The 
layers are formed by evaporating titanium 
and aluminum in an oxygen-rich atmos­
phere. During evaporation, the cell is heat­
ed to 75°C. Afterward, it is annealed in 
pure hydrogen at 350 to 400 °C for 5 to 10 
minutes. 

While increasing cell output by reducing 
light lost by reflection from the surface, the 
coating is as effective in passivating the 
cell as is the usual, thermally grown layer of 
silicon oxides (SiO~. It reduces the reverse 
saturation current and thereby increases 
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the open-circuit voltage and efficiency of 
the cell to almost the same extent as SiOx' 
It does so without the disadvantages of the 
SiOxpassivation: processing temperatures 
above 450 °C that can degrade perform­
ance; questionable stability, quality, and re­
producibility; incompatibility with some an­
tireflection coating materials; and the cost 
of an extra step. 

In an experiment, a cell fabricated with 
SiOx paSSivation was compared with a cell 
fabricated without SiOx passivation. The in­
crease in open-circuit voltage, short-circuit 
current, and energy-conversion efficiency 
due to the antireflection treatment alone 
was only slightly less than that due to the 
combination of antireflection and SiO£pas­
sivation treatments (see table). 

Open-Clrcuit Short-Circuit 
Cell Potential, Current, Efficiency, 

Treatment Number mV mA Percent 

None 1 608 90.4 10.94 
Oxide Passivation 2 633 90.9 11.49 
Antireflection 1 641 132.9 17.19 
Antireflection After 2 643 130.4 17.13 
Passivation 

The Changes In Principal Electrical Parameters during two kinds of processing suggest that 
the antireflection treatment Is almost as effective as the oxide treatment is in passivating 
the cells. 

This work was done by Gerald T Crotty, 
Akaram H. Kachare, and Taher Daud of 
Caltech for NASA's Jet Propulsion lab­
oratory. For further information, Orcle 27 
on the TSP Request Card. 

Inquiries concerning rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel NASA Resi­
dent Office-JPL [see page 26]. Refer to 
NPO-1681D. 

Separating Images for Welding Control 
Optics in the torch direct views of the weld to two different sensors. 

Marshall Space Flight Center, Alabama 

A torch for automatic gas/tungsten-arc 
welding provides separate coaxial views of 
a weld to two sensors. Each sensor can 
function in real time without interfering with 
the other. One sensor provides information 
for a vision"9uided seam tracker; the other 
feeds data to an optical weld-contour moni­
tor for control of penetration. 

The torch contains a beam splitter at an 
angle of 45 0 with the electrode axis (see 
figure). The beam splitter reflects wave­
lengths below 550 nm to the sensor for 
seam tracking. It transmits wavelengths 
above 550 nm to the sensor for weld-con­
tour monitoring. Filters can be added tothe 
split beam paths to limit further the spectra 
transmitted to the sensors. Moreover, the 
beam splitter and the filters can be easily 
changed to suit the material and the weld­
ing parameters. 

The torch is based on a water-cooled 
copper block. Cooling water flows through 
it in channels only 0.050 in. (1.3 mm) from 
the electrode, allOWing the electrode to be 
used continuously at a current of 200 A 
without rising above a temperature of 
100 OF (38 OC). A single arm extends from 
the block to hold the electrode. The arm 
blocks only a small part of the coaxial view 
of the weld, not in an area of interest for 
welding control. If the blockage by the arm 
should be objectionable in a particular ap­
plication, it can be overcome by adding a 
lens between the torch and the beam-split­
ter holder to "see" around the electrode 
holder. 

This work was done by Stephen S. 
Gordon of Rockwell International Corp. for 
Marshall Space Aight Center. For fur­
ther information, Orcle 14 on the TSP Re­
quest Card. 

Inquiries concerning rights for the com-
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Light Rays From the Weld are transmitted axially through a beam splitter for Imaging on one 
sensor and are reflected to the side by the beam splitter for imaging on another sensor. 

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

Space Flight Center[seepage 26]. Refer to 
MFS-29291. 
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Acquisition Technique for Spread-Spectrum Codes 
The ability to lock onto a signal is increased with minimal equipment. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A technique has been proposed to im­
prove the acquisition of a spread-spectrum 
(pseudonoise) coded signal modulated by 
a digital data signal. In essence, the tech­
nique is to divide the correlation time into 
subintervals, integrate over the subinter­
vals, pass the integrator outputs through 
square-law detectors, and add the detec­
tor outputs over all the subintervals to 
reach a decision regarding detection of the 
code. This reduces the effect of data-bit 
transitions at the price of non-coherent­
combining loss. 

Accurate and fast synchronization plays 
a cardinal role in the efficient utilization of 
any spread-spectrum system. Typically, 
the first step in the process of synchroniza­
tion between the spreading (incoming) 
pseudonoise code and the local despread­
ing (receiver) code is the acquisition of the 
code. It is a process of successive deci­
sions wherein the ultimate goal is to bring 
the two codes into coarse synchronization 
within one code-chip interval. 

Another major issue is the degree of 
parallelism in the acquisition scheme. At 

Received 
Signal 

y2 cos(wot) 

Phase 
Shifter, 
_90' 

Local 
Oscillator at 

carrier 
Frequency 

-y2sin(wOII 

one extreme, one steps through the uncer­
tain-code-phase region in a serial manner. 
A detection threshold is selected to per­
form compromises among the probabili­
ties of detection, missing and false alarms, 
and the mean acquisition time. At the other 
extreme is the totally parallel acquisition 
scheme, in which the correlation for every 
uncertain code-phase offset is performed 
Simultaneously. The outputs are com­
pared, and the one having the largest value 
is selected. The comparison between the 
two extremes involves the speed of ac­
quisition versus the cost of equipment. 

Modifications of these two schemes 
could result in various hybrid schemes of 
intermediate speed and cost, including 
those of the new technique. For instance, 
one might partition the uncertain-code­
phase region into subsets, conSidering one 
subset at each step. The outputs for all 
code-phase offsets in the prevailing subset 
are compared. The decision that the code 
has been detected is made if the largest 
output exceeds a preselected threshold; 
otherwise, the next subset is eAamined. 

Code­
Sequence 
Generator 

cIt + TI Tel 

The figure illustrates the overall struc­
ture of the new detector system. The code 
despreading occurs at baseband. The lo­
cal code generator has code-phase offset 
(lag) T/, In the case of parallel acquisition, 
there are many such correlators, each with 
different T/. The total correlation time is par­
titioned into J subintervals. The outputs of 
the square-law detector in the J subinter­
vals are non coherently combined for de­
tection. 

The performance of this system has 
been analyzed theoretically for several 
totally parallel and hybrid schemes. The 
optimum number of coherent integration 
subintervals was shown to be a function of 
the total integration time. The dependence 
of mean acquisition time on the number of 
subintervals decreases as the signal-to­
noise ratio increases. 

This work was done by Unjeng Cheng of 
Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Circle 
154 on the TSP Request Card. 
NPO-17289 

Accumulator 

J 
1: 

j = t 

uti) 

Noles: 1. Tc = the chip lime of the 
pseudonolse code cIt). 

2. I = time. 

3. J = lotal number of subintervals. 
4. wO = angular frequency of carrier Signal. 
5. TI = code-phase offset (as a fraction of Tel. 

The Partially Noncoherent Correlator/Detector implements a hybrid scheme for the acquisition of a pseudonoise code in the 
presence of data modulation. 
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New Literature 
" Laser Cutting," a new report from 
MTIAC Operations, Chicago, IL, re­
views the use of laser systems for cut-

F= = ===== ======r==============! ting of metallic and nonmetallic mate­
rials in manufacturing applications. 

A 448 page power semiconductor The report describes laser cutting pro­
and power hybrid databool< is avail- cesses, laser source configurations, 
able free of charge from Lambda and multiaxis manipulators for direc­
Semiconductors, Corpus Christi, TX. ting the laser beam. 
Among the products featured in Circle Reader Action Number 726. 
Lambda's databook are switching 1--- ----------- --1 
regulators, interface drivers, control­
lers, overvoltage regulators, and 
semiconductor die. 
Circle Reader Action Number 718. 

Advanced vacuum products are il­
lustrated in a free catalog from 
Sargent-Welch Scientific Co., Skokie, 
IL. The 145 page catalog describes 
Sargent-Welch's line of turbomolec-
ular, high vacuum, and low vacuum Micro Networks, Worcester, MA, is 
pumps, and includes a reference sec- offering a free data conversion pro-
tion which explains the operation of ducts catalog describing new NO 
th nd th ' se ' acuum and DIA converters, track-hold am-esepumpsa elru InV 

plifiers, data acquisition systems, and systems. 
Circle Reader Action Number 716. linear amplifiers. Tutorial sections 

1------ - - ---------1 COMPUSHIELD, a new elec- cover NO, DIA, and T/H basics, as 
tromagnetic shielding process, is well as frequency-domain FFT testing 

A free electrical engineering hand­
book from the Belyea Company, 
jersey City, Nj, contains useful tech­
nical data for engineers who specify, 
install, or renovate industrial electri­
cal power. The shirtpocket size hand­
book features electrical tables, no­
mographs, formulas, and conversion 
factors, and includes brief descrip­
tions of over 3000 electrical power 
systems and components available 
from Belyea. 
Circle Reader Action Number 706. 

described in a brochure from the for sampling NO converters. 
Chromium Corp., Richardson, TX. Circle Reader Action Number 708. A free 28 page catalog highlights the 
Designed for the computer, medical, 1---- -------------1 Colder Products Company's line of 
and aerospace markets, COMPU- ..... _......... couplings and fittings for plastic tub-
SHIELD offers an inexpensive way to L. ings, including Colder' s new High 
shield plastic enclosures requiring up ~~ction~s=,jng Flow Twin Tube Coupling, which 
to 80 db attenuation. combines the function of two coupl-
Circle Reader Action Number 712. ings in one package. DeSigned for 

Technical Insights Inc., Fort Lee, NJ, 
has published a new research report 
on smart sensors entitled " Intelligent 
Sensors: The Merging Of Electronics 
And Sensing." A smart sensor com­
bines electronic data processing­
normally done by an external pro­
cessing unit- and sensing in a single 
IC chip. The report explains how 

A new catalog ~blished by Wavetek smart sensors work, assesses their 
Corp .. San Diego, CA, contains de- potential commercial impact, and 
script ions and specifications for the describes the companies and research 
company's lineof signal sources and groups responsible for their 
measurement equipment. Equip- development. The Free-FleX® Pivot, a frictionless 
ment categories illustrated include Circle Reader Action Number 722 bearing designed for angular travel 
GPIB software, waveform generators, 1--______ ______ --1 applications up to 30° rotation, is 
RF signal and sweep generators, highlighted in a new brochure from 
microwave CW and peak power the Allied Signal Company's Fluid 
meters, and digital multimeters. Power Division, Utica, NY. The free 
Circle Reader Action Number 714. brochure illustrates typical applica­

A new catalog offered by National 
Superconductor Inc., Gardena, CA, 
features superconductivity demon­
stration kits, superconducting pow­
ders and compounds, and a variety of 
composite magnets. The kits include 
a primer on high-temperature super­
conductivity containing historical 
background and an explanation of 
the three primary phenomena asso­
ciated with superconductivity: the 
Meissner Effect, zero electrical resis­
tance, and the josephson Effects. 
Circle Reader Action Number 720. 
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A new catalog from Newark Elec­
tronics, Chicago, IL, features more 
than 100,000 electronk components 
from leading manufacturers. The 
1,040 page catalog provides descrip­
tions and specificatiOns for each item. 
Circle Reader Action Number 702. 

tions of the Free-Flex Pivot, including 
gimbal ring mounts, pressure trans­
ducers, scanner mirrors, and scales. 
Circle Reader Action Number 724. 

KRS Remote Sensing, Landover, MD, 
has published a new brochure descri­
bing their global remote sensing in­
formation services. The free brochure 
illustrates KRS' image processing, 
analysis, and systems integration ca­
pabilities, and highlights prod ucts in­
cluding mosaics, photographic prints, 
transparencies, and image maps. 
Circle Reader Action Number 710. 

1/16 and 1/8 inch 1.0. tubing, the 
Twin Tube Coupling provides two 
separate flow paths through one 
quick disconnect. 
Circle Reader Action Number 728. 

For the MostAdvanced 
ResIn TecImoIoCY 

In Repair AIIIIMMs .. 

_._--
, ........ .:==.:.---

A free brochure spotlights the latest 
film and paste adhesive products 
from Hysol Aerospace Division, Pitts­
burg, CA. Peel strength, pot life, 
viscosity and other characteristics are 
described in detail. For ease of speci­
fying, a chart is included which eval­
uates Hysol' s entire line of repair 
adhesives. 
Circle Reader Action Number 704. 
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New on the Market 
Microcompatibles Inc., Silver Spring, 
MD, has introduced PRI TMA TIC. a 
new printer driver that allows pro­
duction of high·resolution 3D plots 
on a wide array of laser and dot­
matrix printers. PRINTMATIC sup­
ports Microsoft, Ryan-McFarland, and 
Lahey FORTRA ,and can run inde­
pendently or in conjunction with the 
GRAFMATIC graphics package to 
produce a screen preview. 

TEST DRIVET" , a floppy disk drive 
diagnostic tool for PCs, is now 
available from Microsystems Devel­
opment. San Jose, CA. Using Dysan 
precision magnetic media, TEST 
DRIVE measures and displays critical 
disk drive operating parameters 
without system disassembly. Test 
results are shown on the graphics 
display screen in simple pass/fail 
terms, with detailed technical reports 
available upon request. 
Circle Reader Action Number 782. 

ScriptWriter, a portable writing sur­
face from Data Entry Systems Inc., 
Huntsville, AL, allows forms to be 
entered directly into a computer, 
thereby saving time and eliminating 

Remcor Products Company, Frankl in 
Park, IL, has developed a line of 
refrigerated cooling systems for 
laboratory applications. The new 
systems provide cool water at a con­
stant temperature, pressure, and flow 

Circle Reader Action Number 794. 

TECH-SA-PORT, Pittsburgh, PA, has rate for lasers, NMR and ESR spec- Laser Technology Inc., Norristown, 
introduced a new line of static con- trometers, condensers, and other PA, has introduced the ES-91 00 Elec­
trol products for computer systems laboratory equipment. tronic Shearography System for 
and electronic equipment. The new Circle Reader Action Number 778. material and structures research as 
products include SAFECLENS, an 1-----------------1 well as nondestructive testing. The 
anti-static cleanerfor CRT screens and ES-91 00 employs a solid-state video 
terminals; ASTAPOL, a protective camera, built-in laser, and image pro-
polish for wooden workstation sur- cessing system to produce real-time 
faces; and ASCA T, an anti-static spray shearographic images. 
for carpets, fabrics, and other non- Circle Reader Action Number 796. 
cond uctive su rfaces. 
Circle Reader Action Number 790. 

errors in the data entry process. The f------ ----------j 
device captures data as it is written on 
a standard paper form and stores it in 
a built·in memory. At the end of the 
work day ScriptWriter is plugged in­
to a host computer, the data is trans­
ferred, and the unit is ready for the 
next day's entries. 
Circle Reader Action Number 784 

HiTc Superconco Inc., Lambertville, 
Nl, has announced the availability of 
new Bismuth superconductors in 
both bulk and powder form. Particle 
size ranges from .5 to 177 microns. 
Standard materials are 2-2-2-3 and 
2-1·1-1 phases, with other materials 
made to order. 
Circle Reader Action Number 792. 

'--.--- ----'-
The THIEFBUG from CEPCO, Cano­

The new SqueezeDrivef'!' driving ga Park, CA, protects against the theft 
tool from Worktools Inc. , Los of computers, office machines, 
Angeles, CA, never needs charging, laboratory equipment, or any other 
does not require a cord or batteries, items that plug into an AC power 
and can be stored anywhere. The outlet. Concealed in the electrical 
lightweight device is driven mechani- outlet box, TH I EFBUG detects when 
cally by squeezing or ratcheting with an item is disconnected and uses the 

Micro Mo Electronics Inc. , St. your hand. Designed for light duty existing AC wiring to transmit a cod­
Petersburg, FL, has introduced a new assembly, SqueezeDriver features ed alarm Signal to a monitoring unit, 
series of miniature gearheads made progressive torque and can perform which identifies its location. Wireless 
from plastic composite materials. both installation and removal of monitoring units are available that 

, ;;;;;;;;;;::;;;;;;;;;;;;;;;;;;;;;;===:::;, Available in both sintered and ball fasteners. plug directly into the power outlet. 
bearing versions, the gearheads are Circle Reader Action Number 800 Circle Reader Action Number 798. 
targeted for cost-sensitive applications I-------- ------'--- - -----------j 

The HT Series Portable Peck Drills 
from Cooper Air Tools, Lexington, 
Sc. produce precision holes without 
the need for special cutters, coolants, 
or secondary reaming operations. 
Designed for the aerospace industry, 
the HT Series can drill difficult 
materials such as potted honeycomb 
and acrylic plexyglass with minimal 
heat generation. The peck drills re­
quire less torque and thrust than con­
ventional drills and work faster than 
positive feed drills. 
Circle Reader Action Number 788. 
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requiring continous output torques of 
up to 7.1 oz-in., and are especially 
useful with 15mm and 16mm diame­
ter micromotors as an integral motor­
gearhead package. 
Circle Reader Action Number 776. 

Researchers at AT&T Bell Laboratories 
h"ve created a new class of heat­
detection devices so sensitive that 
they may make thermal imaging 
more practical for a variety of applica­
tions, including medical imaging, fac­
tory monitoring, earth resource map­
ping, and night vision systems. Acti­
vated by invisible light given off as 
heat, the tiny devices work in the 10-
micron infrared region where room­
temperature objects emit the most 
radiation. Made from gallium arse­
nide, the new detectors are poten­
tially cheaper and easier to manufac­
ture than those now employed. 
Circle Reader Action Number 780. 

The ARGUS image processing workstation from Innovision Corp., Madison, 
WI , combines a high-speed CPU, image processing hardware, and flexible 
operating system to generate the processing power needed for most real-time 
vision applications. Built around the VMEbus architecture, ARGUS is available 
in rackmount and desktop versions with VME card cage options ranging from 
5 to 21 slots. A selection of video cameras and monitors are optional. 
Circle Reader Action Number 786. 
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HOW WILL 
FUTURE GENERATIONS VIEW 

YOUR ACH I E~VEMENTS? 
The Nazca Lines, believed to be 

2000 years old, continue to fascinate 
and mystify observers from all over 
the world. Why and how did people 
from an ancient civilization create 
such magnificent lines? Given the 
tools of their time, how were they 
able to draw such precise geometrical 
shapes and forms? Is it significant 
that these lines can only be viewed in 
their totality from the sky? 

The mystery surrounding the pur­
pose, size and precision of the Nazca 
Lines continues to fascinate modem 
man, who can offer only theories to 
explain their origin and meaning. 
They are an impressive and puzzling 
achievement, far ahead of the typ­
ical abilities and tools of that time, 
leaving us in awe and respect of 
their creators. 

At General Dynamics Space 
Systems Division, we are searching for people whose ideas are also ahead of their time. You'll be encouraged to 
create unique, innovative solutions to advanced, space-related challenges and have the opportunity to create 
precedent-setting achievements which will be viewed with respect for years to come. 

We currently have opportunities available for individuals with a technical degree or the equivalent combination 
offormal education and related experience. Government or aerospace industry background is preferred. 

If you have experience in one or more of the areas listed below, please send your resume to: Professional Staffing, 
GENERAL DYNAMICS SPACE SYSTEMS DMSION, MZ C2-7143-1282, P.O. Box 85990, San Diego, CA 92138. 
(Opportunities also exist in Huntsville, AL, Harlingen, TX, Cape Canaveral Air Force Station, FL, and Vandenberg Air 
Force Base, CA.) 

ENVIRONMENTAL DYNAMICIST 
Senior-Level Environmental Dynamicist to develop 
specifications, establish test requirements and evalu­
ate flight and ground test results for launch vehicle 
systems industry. 

STRUCTURAL/MECHANICAL DESIGN 
Individuals will perform detailed design layouts, preliminary 
analyses, and support development, test production, engi­
neering liaison and launch operations in these areas: 
• Cryogenic Propellant Fill , Drain and Feed Systems 
• Propulsion Systems Integration and Installation 
• HydrauliclElectromechanicai Thrust Vector Control 
• Ground Checkout and Launch Equipment 
• Pneumatic Purge and Pressurization Systems 
• Cryogenic Propellant Tank Structures 
• Thrust Structures, Adapter Systems and Payload Fairings 
• GSE Pneumatics/Propellant Loading and Handling 

Equipment 

ADVANCED PROPULSION/FLUID SYSTEMS 
Individuals will perform preliminary design definition, sys­
tems design integration, and technology development in 
these areas: 
• Advanced Vehicle Liquid Propellant and Fluid Systems 
• Advanced Metallic and Composite Structures 
• Solid Rocket Motor Systems 
• Advanced Systems Operations and Ground Systems 
• Computer-Aided Engineering Systems 
• Systems Software Requirements 

MATERIALS & PROCESSES 
Individuals will perform advanced materials development for 
launch vehicle structural applications in 
these areas: 
• Advanced Composite Materials and Adhesives 
• Advanced Coatings and Finishes 

GENERAL CVNAMIC:S 
Space Systems Division 

Equal Opportunity Employer 

Circle Re.der Action No. 417 



BO~JQI/-
ITI Flexible Fiberscopes 
ITI offers lhe broadest line of high quality industrial 
Flexible Fiberscopes for viewing into the most inacces­
sible areas or hostile environments. All instruments 
feature ITI's computer designed high resolution optical 
and illumination systems for brighter, clearer images. 

Available in several diameters from 1.Smm to lOmm, 
with two-way and four-way articulation and with inter­
changeable viewing heads. 

~ Custom instruments a specialty. 
All instruments made and serviced in the U.S.A. 
P.o. Box 381 , I'.\!Slfield. 1M 01086 
(413) 562-3606 Telex 955329, AI1n fTI 

1,.IIINsrRUMENT 
TECHNOLOGY, INC. 

The Leader in Remote Viewing 

Circle Re.der Action No. 646 

SCIENTIFIC/ENGINEERING 
GRAPHIC TOOLS 

for the IBM PC and compatibles 

FORTRAN/Pascal tools: GRAFMATIC (screen graphics) 
and PLOTMATIC (pen plotter driver) 

These packages provide 2D and 3D plotting capabilities 
for programmers writi ng in a variety of FORTRANlPascal 
environments. We support MS, R-M, LAHEY FORTRAN 
and more. PLOTMATIC supports HP or Houston Instru­
ment plotters. Font module available too! 

Don't want to program? Just ask for OMNIPLOT! Menu­
driven, fully documented integrated scientific graphics. 
Write or call for complete information and ordering in 
structions. 

GRAFMATIC-PLOTMATIC-OMNIPLOT [5] & [P] 
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Microcompatibles, 301 Prelude Drive, Silver Spring, MD 20901 

(301 ) 593-0683 
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New on the Market 

Buehler's new ISOMET™ PLUS 
Precision Saw quickly cuts metals, 
ceramics, composites, and many 
other materials. The saw's diamond­
impregnated blade can section ex­
tremely hard materials such as 
rocks, minerals, and bone. The 
variable-speed cutter is housed in a 
reaction-injection molded cabinet 
with a transparent protective hood. 
Circle Reader Action Number 758. 

The Voice Connection, Irvine, CA, 
has developed a handheldlbelt­
mounted computer with built-in 
voice recognition and speech syn­
thesis capabilities. The standard 
PTVC 756 computer is readily pro­
grammed using an IBM PC and 
features 128Kb RAM. The battery­
operated unit includes a com­
munications port which can be con­
nected directly to a host computer, 
printer, or external modem. 
Circle Reader Action Number 750. 

.. .... 1 
• ~ .: 2 

Complex computational problems 
requiring hours of work on a PC 
alone can be solved in seconds with 
the PL800 Floating Point Array Pro­
cessor from Eighteen Eight Labora­
tories, San Diego, CA. The PL800 r. ... ---;;;;;;;;;;;;;~ provides a peak performance of 

II eight million 32-bit floating point 

BV Engineering, Riverside, CA, has 
released a new version ofTEKCALC, 
a programmable scientific calcula­
tor program for solving complex 
mathematical problems. TEKCALC 
now includes parametric graphics, 
statistics, curve fitting, and sorting. 
The program reads and writes stan· 
dard ASCI I text files and runs under 
PC/MS DOS. 
Circle Reader Action Number 760. 

The MEGA PLUS CCD Camera from 
VIDEK, Canandaigua, NY, exhibits 
4 to 16 times the resolution of other 
solid state cameras. Designed for 
high·end imaging applications, the 
MEGAPLUS features a solid state 
sensor containing 1.4 million picture 
element dots, or pixels. The pixels 
are 6.8 microns square and have a 
center·to·center spacing of 6.8 
microns- a feature that results in 
highly accurate and simplified 
dimensional measurements. VIDEK 
also markets a development system 
that turns an IBM PClAT into an im­
age processor for the MEGAPLUS 
Camera . 
Circle Reader Action Number 746. 

operations per second. The pro­
cessor's software operates in paral­
lel and yields a total processing 
power of 64 MFLOPS. Users pro­
gram the PL800 by calling subrou­
tines in a PC-resident FORTRAN, C, 
or PASCAL program. 
Circle Reader Action Number 748. 

HUB Material Company, Canton, 
MA, has developed a portable, 
handheld oscilloscope for field ser­
vice applications. The Modell 01 0 
weighs two pounds and fits easily in­
to a tool kit. Enclosed in a rugged 
ABS housing, the " mini scope" of­
fers DC to 10 MHz bandwidth, 12 
sensitivity ranges, and 21 timebase 

The new Tektronix 3052 Digital 
Spectrum Analyzer operates near­
ly 100 times faster than present 
spectral analysis methods. The pro­
grammable unit features 1024 
parallel complex digital filters which 
provide 8()().element spectral signal 
displays to 10 MHz, with real-time 
display and analysis to 2 MHz. Ap­
plications include communications, 
signal analysis, radar signal process­
ing, and telephony. 
Circle Reader Action Number 766. 
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New on the Market 

Alliant Computer Systems Corp., Lit­
tleton, MA, has introduced a fami ­
ly of Visual Supercomputers™ that 
supports automatic parallel process­
ing of both applications and 
graphics. Multiple users can work 
simultaneously on difficult pro­
blems, share common databases 
and color images at high speeds, 
transfer data files from their VAX™ 
or Cray"" and produce videotapes 
for review . The new super­

The GX-2000 Graphics Terminal computers featu re a peak applica­
from Modgraph Inc. , Burlington, tions performance of 377 MFLOPS 
MA, features a 15 inch flat screen and a graphics performance of 640 
display that combines vector list and MFLOPS. 
pixel replication technologies for Circle Reader Action Number 762. 
high-resolution panlzoom perfor­
mance. The DEC-compatible ter­
minal includes a host RS-232120ma 
port, RS-232 mouseltabletlprinter 
port, and VT220-style keyboard . 
Laser, dot matrix, and inkjet hard­
copy interfaces are standard . 
Circle Reader Action Number 756. 

The VoiceScribe™ 1000 S~h 
Recognition System from Cherry 
Electrica l Products, Waukegan, IL, 
can recognize 1000 words or 
phrases w ith 99.3% accuracy. 
Vocabulary can be added or edited 
during an application without ex­
iting the operation . Overlays for 
spreadsheet, w ord process ing, 
database, and other application pro­
grams can be created using the 
system's compiler function . The 
VoiceScribe 1000 package includes 
software diskettes, an expansion 

The Distributed Defect Tracking card, a headset microphone, and an 
System (DOTs) from CMM Soft- instruction manual. 
ware, M ilpitas, CA, records and Circle Reader Action Number 752_ 
reports changes in the status of 1-----------------1 
bugs in software development pro­
grams. Intended for use by project 
managers and quality assurance 
managers, the DOTs automates the 
decision-making process in software 
development and provides 
forecasting data for establishing pro­
ject completion dates. The bug 
tracking system operates with most 
UNIX equipment. 
Circle Reader Action Number 768. 

The Concept 51 Disk Processing 
System from Storage Concepts, Ir­
vine, CA, allows one disk controll­
ing unit to support up to 63 disk 
drives. thereby significantly reduc­
ing the cost per megabyte. The 
system employs 5 \4 inch disk drives 
and is especially suited for use with 
mini-supercomputers, imaging 
computers, and high-speed data ac­
quisit ion systems. Concept 51 is 
packaged in a rack-mountable 
chassis which includes the con­
troller unit, data buffer, system 
power, and over six gigabytes of 
disk storage. 
Circle Reader Action Number 754. 
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The STATOS 5 drafting table 
manufactured by Alph ia Inc. , 
Northbrook, I L, is easily adjusted to 
conform to the individual engineer's 
needs. The table moves vertically up 
to 1951. inches and tilts from 0 to 70 
degrees. Si ngle pedestal construc­
tion and all adjustments ca n be 
done while seated. 
Circle Reader Action Number 764. 

At 16000 C your 
ceramic component 
retains full structural 
integrity if you designed 
with alumina by 
Duramic Products 

When you specify Duramic Products alumina, a 3200 0 F 
maximum use temperature keeps your ceramic part from 
breaking down during high heat applications. 

Extreme heat tolerance makes alumina ideal for labora­
tory requirements like heat chamber insulation and furnace 
lining. Alumina is also excellent for field use as a heat 
shield component and in other heat intensive procedures. 
Duramic Products alumina ceramics are used extensively in 
aerospace applications because of their heat resistance, 
corrosion resistance, hardness and electrical insulation 
properties. 

Duramic Products expert ceramic engineers can rapidly 
and economically provide you with virtually any alumina 
ceramic component your situation requires - any size, any 
shape. They' ll work with your drawings to produce preci­
sion machined parts that will match your specifications to 
the letter. 

PHYSICAL PROPERTIES 
Compressive strength - 340 KPSI 
Flexural strength - 46 KPSI 
Impact resistance - 7 inllbs, CHARPY 
Hardness - 9 MOHS scale 
Specific gravity - 3.76 
Water absorption - 0 
Electrical resistivity - > 10'5 ohmlcm 

Duramic Products also produces MACOR® a 
user machineable ceramic material. MACOR"' CornIng Glass Works 

For more information, call or write Duramic Products Inc. 

Duramic Products Inc. 
A Subsidiary of Morgan Matroc Inc. 
426 Commercial Avenue 
Palisades Park, NJ 07650 USA 
Telephone: (201) 947 8313 
TWX: 710991 9632 
Telefax: (201) 947 9394 

~Morgan 
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MATROC 
l eaders In ceramIC technolc'ogy 
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Choose From An 
Exciting Selection of 

NASA Bestsellers 
Quest For Performance : 
The Evolution Of Modern Aircraft 
Richly detailed history of the airplane's development , filled with color 
and bw photos of aircraft from the early years to modem times. Must 
reading for aviation enthusiasts! 561 p . ($29.95) 

NASA 1958-83: Remembered Images 
From Project Mercury to the Space Shuttle , this stunning full-color 
book chronicles NASA's first 25 years in space . 136 p . ($24.95) 

Living And Working In Space: A History Of Skylab 
A comprehensive history of Skylab, America's first space station . 
Includes astronauts' bibliographies. Color ill . 470 p. ($23 .95) 

Apollo Expeditions To The Moon 
Dazzling color volume illustrates the entire 15-year Apollo program . 
Written by 18 key members of the Apollo team . Clothbound . 
313 p . ($21.95) 

Selections From The NASA Art Collection 
A portfolio of 12 color lithographs of artworks by well-known artists, 
suitable for framing. Subjects include Shuttle launches and landings, 
experimental aircraft, satellites, and deep-space probes. 11x14 inches 
(each) Shipped flat. ($12.95 for the complete set) 

The Space Handbook 
Excellent reference source on the physical laws and principles of the 
space environment and on space policy. Ill. 364 p. ($19.95) 

leadership And Americil's Future In Space 
Astronaut Sally Ride's long-awaited report details the strategies need­
ed to regain U.S. space leadership. Full-color ill . ($11 .95) 

Selling To NASA 
This colorful NASA publication gives potential contractors tips on 
product marketing and government procurement. Includes postcards 
for bidder's mailing list application forms. 44 p . ($9 .95) 

Rush me: (indicate quantity) 

__ Quest For Performance ($29.95) 
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__ Selections From NASA Art ($12.95) 

__ The Space Handbook ($19.95) 
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__ Apollo Expeditions ($21.95) _ _ SeIHng To NASA ($9.95) 

I have enclosed $, _ _____ plus $2 .50 for postage and handling . 

Total Enclosed is $, ______ _ 

Name _ _ __________ _ ____ ____ _____ _ 

Address 

City ___________ State _____ Zip ______ _ 

Send check or money order to: NASA Tech Briefs, Fulfillment Dept. 
Dept. NTB9 41 East 42nd St., New York, NY 10017 
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In developing Klinger's 
MC4 motor control system, 
our engineers' had the di­
lemma of choosing between 
steppers or DC servos, or 
should they design two sys­
tems, one for each type. 

Considering the specific 
application advantages of 
each motor, we decided the 
ideal controller should work 
equally well with both motor 
types and switching from 
one motor to the other 
should be easy and 
inexpensive. 

That's precisely what 
we've accomplished with the 
MC4 system. Where a sim­
ple plug-in power card 
switches the system be­
tween motor types. 

The MC4 is a powerful 
programmable motor con­
trol system capable of con­
troll ing up to four motors, 
interfacing with any host 
computer or, with its 8K of 
non-volatile memory, it can 
stand alone to operate on 
the production floor. You can 
even store up to 99 pro­
grams and locally access 

-, ""4=-" 4"-, ., -, e , ..... Ira"" -, e , 
e , -, 

any 9 programs from front extremely precise work. 
panel controls. With each motor step, a 

small amount of shaft re­
MINI-STEPPING YIELDS bounding is possible, thus 

HIGH RESOLUTION exciting vibrational noise. 
AND HIGH VELOCITY. Klinger's mini-step feature 
Most stepping motors ro- divides each full step by 10 

e 

·0 
• 

tate 1.8 degrees per full step, and simultaneously increases 
a relatively large motion for the pulse rate by 10, result-

ing in less shaft rebounding 
and settling effect. higher 
resolution without sacrificing 
speed and virtually el iminat­
ing troublesome resonance. 

BUY ONE SUPERIOR 
CONTROLLER. 

NOT TWO. 
You can't buy a better pro­

grammable motor controller 
than the Klinger MC4. And 
since you only have to buy 
one for both types of motors, 
you 'll actually save time and 
money and not have to re­
write extensive software. 
Just slip in the modular drive 
card and you're ready to go. 

To learn more about 
Klinger's programmable mo­
tor controllers, microposi­
tioners and systems, send 
for our free micropositioning 
handbook. Write or call 
Klinger Scientific Corpora­
tion, 999 Stewart Avenue, 
Garden City, NY 11530. 
(516) 745-6800. 

Building better positioning systems, 
pIece by perfect piece. 

U.S.A. Headquarters: 999 Stewart Avenue, Garden City, NY 11530 (516) 745-6800. 
Regional Offices: orthern Cal ifornia ( 415) 969·0247; Southern California (714) 999-5088. World wide distribution network : Contact 

Micro-Cantrale, Z.r. de St. Guenault , B.P. 144,91005 Evry Cedex, France. ThI.33(1)64.97.98.98. FAX 33(1)60.79.45.61. 
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