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With a 1.25 ME per second rransfer rate and a 35 ms average seek time, the 1 GB CY-2000 
optical disk drive saves and restores files at hard disk speed. All on a removable media that 
protects your data from unpredictable head crashes. Once you lose your hard disk files, 
they're gone forever. But data stored on optical disks remains secure - and quickly accessible. 

TRUE PLuG 
COMPATIBIUTY WITH: 

The CY-2000 is perfect for data-intensive applications like desktop publishing, multi­
media, digital video, CAD/CAM, medical imaging and more. It's also ideal for private data­
bases and security-sensitive files because the disks can be removed and stored to prevent 
unauthorized access. 

What's more, it's fully compatible with your personal computer, mini-computer, work­
station or server. 

With the CY-2000. each disk stores 1 GB, making it twice the capacity of competitive 
optical disk drives. The media are erasable, rewrit­
able, and exrremely durable. One platter can last 
over 40 years. And because the disks are small 
and lighrweight, you'll enjoy reduced storage and 
shipping costs. 

The CY-2000 is part of our family of data stor­
age products that includes QIC tape srreamers, 
magneto-optical disk drives, and 8mm tape drives 
and tape libraries. 

If you want gigabyte capacity, 
fast file access, and the security of 
a removable media, the CY-2000 
is a perfect fit Call today for more 
information at (804) 873-9000. 
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IMAGINE ••• 3D MODELING IN WINDOWSI 
Introducing Autoclesk 3D Concepts 

Sl~--~; Whether you're designing mechanical 
parts, planning urban facilities, or creating 
electronics packaging, you can visualize 
your ideas more quickly and with greater 
accuracy if you model your designs as 

l'::;;;;;;;;;~:;;;:::~ three dimensional objects. And now 
The unique Rotation there's a product that lets you do just that. 
Cube lets you tum 
objects to any angle. Quickly. And affordably. 

Autodesk 3D Concepts'" for Windows'" is a unique 
new software program that lets you create wire frames and 
surface render the models to give your design a realistic 
appearance. Autodesk 3D Concepts is extraordinarily easy 
to use, thanks to its innovative tool set and its familiar 
Wmdows menus and commands. 

Here are a few of the features that make 
Autodesk 3D Concepts unique: 

• Rotation Cube lets you view objects from 
any angle 

• Ground Planefor visual reference 

• Sculpting Toolfor shaping sUifaces 

• Perspective and Isometric Views 

• Light Source Shading 

• Works with AutoCAD .DXF and 
Generic CADD 

• Transfers to other Windows programs 

If you want to cut your time from concept to production, 
look into Autodesk 3D Concepts. In fact, if you own another 
3D modeling package, you can get Autodesk 3D Concepts 
for Windows for just $129. For details on this limited time 
offer, call Autodesk Retail Products at (800) 228-3601 and ask 
for InfoPak A46. 

~8AUTODESK 
For More Information Circle No. 504 

Autodeslc 3D Concepts is a trademark of Autodeslc Retail Products. Autodesk and the Autodesk logo are registered In the U.S. Patent and Trademark Office. 
Other service and trademarks are property oftheir respective holders. <Cl 1992 Autodesk Retail Products, 11911 North Creek Parlcway South, BotbeU, WA 98011, Fax (206) 485-0021. 
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The Choice for Complete 
PC Data Acquisition Systems 

National Instruments gives you more than great plug-in boards. 

GraDhical User Interface 
J. 

We pioneered the use of graphical user 
interfaces for instrumentation software and 
remain a leader in this technology, with our 
LabVIEW® and LabWindows® application 
software praducts. 

Driver Software 
Our NI-DAQ TM driver for DOS, Microsoft 
Windows, and the Macintosh, which is 
shipped with all our data acquisition boards, 
is like a data acquisition operating system 
with over 100 basic I/O rautines, 
data and buffer manager capabilities, and 
a resource manager. 

Plug-in Boards 
We continue to introduce new technologies 
on our boards for the PCjXT/AT, EISA and 
PS/2. Innovations include an instrumen­
tation amplifier that settles so fast that 
accuracy is maintained at all gains and 
sampling rates, antialiasing filters that 
cut off at the rate of 90 dB in one-sixth 
octave, and integrated multi board 
synchronization with our RTSI® bus. 

Signal Conditioning 
The National Instruments SCXI system is a 
high-performance, multichannel signal con­
ditioning and signal routing front-end system. 

SCXI conditions signals from thermocouples, 
RTDs, themistors, strain gauges, voltage 
sources, and current sources. 

Our DAQ Designer™ system configuration 
software tool will help you design a complete 
data acquisition system. 
Call us for your FREE copy: 

(512) 794·0100 
(800) 433·3488 
(U.S. and Canadal 

NATIONAL 
INSTRUMENTS~ 
The ojtware Is tbe Instnttne1lt . 

6504 Bridge Point Porkway 
Austin, TX 7B730· 5039 
Fax: (512) 794·B411 

Branch Offices: Australia 03 879 9422· Belgium 02 757 00 20· Canada 519 622 9310· Denmark 45 76 73 22· France 148 65 33 70 . Germany 089 714 50 93 • Italy 02 48301892 
Japan 03 37881921 • Netherlands 01720 45761 • Norway 03 846866. Spain 91 8960675· Sweden 08984970· Switzerland 056 27 00 20 · U.K. 0635 523545 

SEE US AT SENSORS EXPO, BOOTH #378 
SEE US AT THE NATIONAL CONFERENCE OF STANDARDS LABORATORIES, BOOTH #B19 



Clean, dependable power. 

When you're powering high-current 
or sensitive industrial equipment, that 
power had better be clean and con­
stant. But most important, strong. 

T echron power amplifiers. They're 
the industry's heavy hitters when it 
comes to clean dependable high-cur­
rent power. Techron poweramplifiers 
reduce filtering requirements and give 
you a true power supply you can 
count on. 

• Super-clean power from DC to 50 
kHz. 
• Total Harmonic Distortion: At 0.4% 
or better, one of the most distortion­
free power sources in the industry. 
• Inner Modulation Distortion: .001 % 
• Limiting: instantaneous with no 
flyback pulses, thumps or cutouts. 
• AmplifierOutput: Short-, mismatch­
and open-circuit protected in voltage 
mode. 
• Phase shift between input and out­
put: from DC to 20 kHz less than -20 
degrees. 

1718 W. Mishawaka Road, Elkhart, Indiana 46517 

For More Information Circle No. 645 

The right power 
Different applications require specific 
solutions. That's how Techron came 
to be the power of choice for the 
gradient subsystem of one of modern 
medicine's most important diagnostic 
tools, the Magnetic Resonance Im­
aging systems. MRI manufacturers 
choose our power amplifiers which 
utilize advanced bi-Ievel power sup­
plies with clean,low-noise and linearity. 

Tell us your application requirement. 
During development or in final appli­
cation , Techron will back you up. With 
standard product or custom-config­
ured amps. As a line voltage regulator 
and/or line voltage generator system. 
Working with you to solve power sup­
ply problems is what we do best. 

That's what we mean by clean, de­
pendable power. Amplified all the 
way down the line. Call Techron for 
more power than you 've ever had 
before. 1-800-933-7956 



Introducing t4e DAS-1600. 
Fasten your seatbelts. 

T urbocbarged data acquisition 

perfonnance at an economy 

price--only $899. 

When we introduced 

the DAS-16 in the early '80s, 

it raced quickly into the top 

spot among general purpose data acquisi­

tion boards. 

Well, h e re we go again. We've 

just taken the wraps off the next genera­

tion: th DAS-1600. A board with b.·eak­

through performanc and the best soft.­

ware support in the industry. For the 

incredible price of $899-less than our 

original DAS-16. 

Packed with advanced features 

you need for the '90s. Including: 

0100 ksample/ ec with 12-bit resolution. 

Burst mode to simulate s imultaneous 

sample and hold. 08 differential or 16 sin­

gle-ended analog inputs. 32 bits of digital 

I/O. 2, 12-bit D/As with 5 selectable 

ranges for greater flexibility . 

o Advanced ASIC d esign 

for lowe r cost and higher 

reliability. High-quality 

four-layer printed circuit board 

for reduced noise. 0 Pop Up Control Pane l 

for quick start-up. 0 Optional Windows<l!> 

3.1 software. 0 Extens ive third-party soft­

ware support. 

~ S p ecial "Fast Track" offer. 

~ $300 off n ew EASYEST AG­

software from Keithley Asyst when 

you buy a DAS-1600 board by 

Oct. 31, 1992. Get quick start-up, 

troubleshooting, acquisition to disk, and 

graphics for only $95 (normally $395) . 

With a price of $899, and an offe r like this, 

the DAS-1600 wi)] go even faster. 

Call 800- 3 4 8 -0033 
and ask for Cora Vette to order or for 

mor information. And giv yours If the 

winning edge. 

lij.'j#lIit4 METRABYTE 
ACQU I SIT I ON 

Keithley Data Acquisition. 440 Myles Standish Blvd .• Taunton. MA 02780. FAX: 508-880-0179 

DASI 

C> 1992 Keithley lnstnl1nents. Inc. Keithley MetrnByte tIllel Keithley Asy~t are registered trndemarks and EASYEST AG is a trademark of Kei thley lnsl.ruments. Inc. 
Windows is a regisH:.·red trademark of Microsoft ol1>Ontlion. 

For More Information Circle No. 419 
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..... -I --

Features Benefit, 
• Monitors ~Ine from pre-fhght through • SimpUrted monitortng procedure 

""',,'own _"'" • Sah.y-of-ftlgh'lmpn>vemon. 
• Stngle reat·tIme mterllCe/dat. d,splay • ProductMty enh.ncement 
• Automated strip chaf1 generattoo • Reduced Ir,ining time tor new operalors 
• AnomoIy e1assdicatlOn and I'KO't8fY • Rei.., kw ,.,« propulStOrl engineer 

procecIure 6. 

Photo courtesy NASA Ames 

A new AI-based jet engine monitoring system developed at 
Ames Research Center promises to improve flight safety while 
saving engineering time. Turn to the tech brief on page 35. 
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Block Diagram Software 
for Nonlinear Simulation 

of Dynamic Systems 

S IMULINK,formerlynamedSI 'lULAB, 
is the next-generation software for mod­
eling, analyzing, and simulating 

nonlinear ystem. SIMULINK delivers a 
combination of flexibility, ease-of-use, and 
speed in a single package. 

• A complete set of tools for constructing 
and analyzing models of dynamic systems 
including linear, nonlinear, discrete, con­
tinuous, and hybrid systems. 

• The ability to describe models either in 
block diagram form or a set of differen­
tial equations. 

• A design, analysis, and imulation envi­
ronment that is seamles Iy integrated with 
MA TLAB'" and the MA TLAB applica­
tion toolboxe . 

• An intuitive graphical user interface based 
on the industry-standard X Window "', 
o F"'/Motif", Microsoft®Windows"', and 
t>. lacinto h®windowing y tem . 

SIMULINK and MATLAB are trademarks of The MathWor1<s, Inc. 
Other product and brand names are trademar1<s or registered 
trademarks of their respective holders. 

SIM LINK provides you with the tools 
for constructing and analyzing block diagram 
models interactively using a mouse and pull­
down menus. You can explore the behavior 
of a system during a simulation and interac­
tively see how the model s behavior changes 
as you change its parameters. 

8IMULINK includes a comprehen ive 
set of built-in blocks for creating models. In 
addition, 81M LINK lets you extend its 
functionality by creating your own tools. Cus­
tomize built-in 8IMULINK block or create 
your own as C, Fortran or MATLAB code. 
8IMULINK delivers the flexibility to meet 
your needs. 

81M LINK i available for a wide range 
ofcompurers, including NIX workstations, 
386- and 486-based PC , and the Apple® 
Macintosh. For more information on how 
81M LINK can addres your applications, 
contact The ~Iath\ ork today for a free 
information packet. 

Dealer inquiries are invited. 
Please call (508) 653-1415x439. 

For More Information C ircle No. 503 

[Top) Use the Scope block to see the "real-time" 
response of this autopilot model during the simulation; 
(Center) Specify simulation parameters via dialog. boxes 
or the MATlAS command line; (Bonom) SIMUltNK tokes 
full advantage of the X Windows, OSF fMotif, Microsoft 
Windows, and Macintosh windowing systems. 

The The J\lathWorks, Inc. 
ochiruate Place MATH 24 Prime Park Way WORKS Natick,J\IA01760 .S.A. 

.& ~ Phone: (50 ) 653-1415 
~ Fax: (508) 653-2997 

Email: info@mathworks.cam 

DENMARK, FINLAND, ICELAND, 
NORWAY, SWEDEN 
Computer olutions Europc AB 
Phone (46) 8 IS 30 22, Fax (46) 8 IS 7635 
FRANCE - cientific Software Group 
Phone (33) I 45342391 , Fax (33) I 45070806 
GERMANY - Bau eh-Gall GmbH 
Phone (49) 93232625, Fax (49) 89 323 1063 
ISRAEL - Omikron Dclta (1927) Ltd. 
Phone (972) 3 5615151 , Fax (972) 3 5612962 
JAPAN - Cybernct ystems Co .. Ltd. 
Phone (81) 3 3982 4641, Fax (81) 3 39 07490 
SWITZERLAND - Com 01 AG 
Phone (41) 319617011, Fa ' (41) 31961 1282 
UNITED KINGDOM - Rapid Dara Ltd. 
Phone (44) 903 202819, Fax (44) 903820762 
Cambridge Control Ltd. 
Phone (44) 22 342 0722, Fax (44) 22 342 3580 
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Photo courtesy NASA Ames 

The Plot4D computer program (page 54) creates animated 
pictures of unsteady and steady air flows-such as around 
this prolate spheroid-providing computational fluid dynam­
ics researchers with a powerful new visualization tool. 
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on the cover: 

A technician prepares to unlatch the door built into the 
guide vanes of the 16-Foot Transonic Wind Tunnel at 
NASA 's Langley Research Center, which this year cel­
ebrates its 75th anniversary (see our report on page 14). 
The tunnel, built in 1939 and renovated in 1990, was 
recently used to develop two-dimensional nozzles that can 
deflect jet exhaust in any direction for increased maneu­
verability. This "thrust vectoring" may allow future military 
aircraft to be designed without traditional tail control 
surfaces or perhaps without the entire tail. 
(Photo courtesy Langley Research Center) 
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SCIENCE/ SCOPE® 

Now in its third cycle of mapping the urface of Venus, the spacecraft Magellan is close to its 
goal of producing a complete map of the planet. The key to gathering data is the Hughes Aircraft 
Company-built synthetic aperture radar, the sole scientific instrument aboard Magellan. Even before 
the first cycle ended, in mid-1991, Magellan had mapped 84% of Venus' surface, returning more digital 
data than all previous U.S. planetary missions combined, with resolutions 10 times better than those 
provided by earlier mi sions. To optimize radar performance, Hughes also designed a computer 
software program capable of handling the nearly 950 commands required per cycle. Each cycle takes 
one Venusian "day," the equivalent of 243 Earth-days. 

Inexpensive aluminum clips help trim nearly $200,000 from the cost of a satellite. The clips were 
designed and used by Hughes to hold major structural element of the new HS 601 communications 
satellite together. Previously, the satellites were bonded together, a time-consuming process because 
of the close tolerances involved and the approximately one week required for each bond to cure. 
With about 250 structural joints per satellite, the clip save nearly $200,000 in hands-on labor per 
spacecraft. Another benefit of the technique i the elimination of bond testing. Verifying the torque, 
a much faster process, is all that's required with the new process. 

Now, in times of disaster, even the most isolated outposts can be linked directly into the public 
telephone network. It 's the re ult of portable version of atellite earth stations called very small aperture 
terminals (VSATs), built by Hughes. VSATs played a vital role in three major relief efforts in 1991: 
the eruption of Mt. Pinatubo in the Philippines, the mas ive oil spill in Valdez, Alaska, and the 90,000-
acre fire in the Idaho forest. VSATs can be hipped and a sembled quickly and facilitate communications 
u ing more powerful antennas that are much smaller than conventional satellite dishes. The Hughes­
designed networks ' reliability and an availability rate of 99.5 percent make VSATs an excellent olution 
to conventional communications systems, which in disasters often experience serious degradation 
due to damage or overload. 

Traffic manager will be better able to monitor, analyze, and control traffic flow, with the aid of Hughe ' 
multi-spectral sen ors and information management systems. The e technologies will play an expanding 
role to help offset the increasing congestion on America's roads, by creating "smart highways." At a 
moment 's notice, data could be gathered to help police, tow trucks, and ambulances respond to 
emergency crises. Understanding flow patterns and traffic composition would also help traffic 
engineers map out future traffic control trategies. The result of less traffic congestion will be billions 
of vehicle hours aved each year. 

Some 700,000 school children experienced a field trip to the ocean floor off the Galapagos Islands, 
thanks in part to Hughes' SBS atellite. This high-technology journey was part of an unusual 
educational program - the JASON Project - which integrated the latest in marine cience, 
videoteleconferencing, and atellite communications. Tran mitted by Hughes' SBS satellite, 
video images of exotic underwater sea life flashed across large display screens, practically enveloping 
students in cla rooms and auditoriums across the United States and Canada. The sharp, projected 
images were the re ult of Hughes ' liquid crystal light valve technology. 

For more Information write to : P.O. Box 80032, Los Angeles, CA 90080-0032 

HUGHES 
e 1992 Hughes Aircraft Company Subsidiary of GM Hughes Electronics 
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• Real time video under all conclllons 
• No Impact on graphics petformance 
-Image capture 
- Text and graphics overlays on video 
- Scale, reposition, fr .. ze 
• X-Windows compatible 
• Cable ready tuner 
• Priced from $7500.00 

Applications include ClI, robotics, 
interactive videodisc training, video 
teleconferencing, process control, 

surveillance and simulation. 

Standalone peripheral and board level 
models available. 

SPECTRUM 
950 Marina Village Parkway Alameda, CA 94501 

Tel: (510) 814-700J Fax: (510) 814-7026 

GSA Contract #GS03F2032A 

For More Information Circle No. 467 
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Get the 
highest 
resolution 
microminiature 
color camera. 

With our quick delivery, 
you could say it's at your fingertips. 

When you need a microminiature color 
camera, you usually need it quickly. That's 
why we make it our business to hip the 
IK-M40A right away. And fast delivery 
is just the beginning of our exceptional 
performance. 

The IK-M40A's high resolution and small 
ize make it ideal for inspecting everything 

from nuclear reactor to printed circuit 
boards, for capturing images from a football 
helmet or hockey net, or for bringing the 
images from a microscope or dental 
patient's mouth to a screen. 

This fixed-lens camera uses a 112'; 420,000-
pixel CCD image sensor and Y/C video 
output to put over 460 lines of horizontal 
resolution into a camera headju t 1-1/2" 

long, 5/8" in diameter, and weighing 112 
ounce. It has'minimum illumination of only 
10 lux and automatic tracking to adjust 
white balance during changing lighting 
conditions. So you get extraordinary detail, 
and you maintain that detail in a111ighting. 

For clear images of fast-moving objects, 
the IK-M40A's electronic shutter has nine 
pre- et, selectable speeds - from 1160 
econd to 1110,000 econd. And since it 

can be separated from its CCU by up to 
30 meters, it's ideal for non-destructive 
inspection of inaccessible locations. 

For more information, call (800) 253-5429. 
The highest resolution microminiature color 
camera i at hand. • 

In Touch with Tomorrow 

TOSHIBA AMERICA C.P., I C. Information and Imaging Technologie.> Group IOlO Johnson Dril'e Buffalo Grove, Illinoi, 60089-6900 

For More Information Circle No. 558 



Editorial Notebook 

New Directions, New Opportunities 

As the aerospace and defense industries go through what 
has been referred to in the popular press as "downsizing," 
we are well aware that this euphemism for massive layoffs 

has caused pain and upheaval in many companies and lives. 
Next month, in our September issue, we will feature the 

efforts being made by aerospace firms to expand beyond their 
traditional military/aerospace base into further-ranging com­
mercial ventures. As you'll see, the approaches run the gamut 
from establishing technology licensing divisions-one aero­
space contractor recently licensed a magnetic levitation tech­
nology to a company developing educational toys-to pursuing 
cooperative R&D agreements with commercial manufacturers. 

As you see the new directions these companies are taking, 
we also hope you'll see employment opportunities for many 
of those whose lives have been short-circuited by this 
"downsizing." While most NASA Tech Briefs readers are em­
ployed, many of us know people who have been "downsized" 
and could use some help in finding new jobs. We hope you'll 
share the September issue with them, and also tell them about 
a new program we have initiated to help them in transition. 

Beginning with the October issue, we will run two pages of 
"positions wanted" advertisements free for those engineers 
and scientists who are currently unemployed and actively 
seeking work. Economics force us to limit this effort to two 
pages and it will be first-come, first-served in the magazine. All 
you need to do is send us a resume and a 50-word synopsis of 
what you'd like to state in the ad. We'll provide a box number for 
anonymity if you prefer, rewrite the ad if needed, and send the 
resume to those who inquire. While this service will be free for 
the advertiser-the person looking for work-there will be a 
modest handling charge billed to companies who request 
resumes. 

Send the resume and synopsis to: NASA Tech Briefs, 
Positions Wanted, 41 East 42nd St., # 921, New York, NY 
10017. 

Please, if you're currently employed but nervous, don't ask 
for the free service. We want to reserve the listings for those 
who need them most, and, unfortunately, we expect that there 
will be more requests for ads than we can fulfill at first, and not 
enough inquiries to make the effort budget-neutral , at least not 
in the beginning. We plan on running each ad once, but we will 
keep each resume on file and offer a synopsis of monthly ads 
to companies on request. 

We keep hearing hints and seeing signs that things are 
getting better. While we're hoping y're all accurate, we're 
also hoping that these two ad pa wjll bring companies with 
needs together with people pos ssin~ the . to fulfill those 
needs. 0 

Coming In September: 

The Technology Connection 
NASA Tech Briefs ' new monthly advertising section designed to speed the 
transfer of new technologies to market and enable our 201,000+ readers to 
easily locate people and services that can help them in their work. The 
Technology Connection will feature these categories and more: 

• Patents Available for License • Professional Services 

• Cooperative R&D Opportunities (inc. Patent Attorneys & Consultants) 

• Strategic Partnerships • Labsffest Facilities 

• Technologies Wanted • Research Parks/Incubators 

• Contracting & SBIR Opportunities • Associations/Societies 

• Financing Opportunities • Tech Transfer Publications 

• Information Searches/Databases • Workshops/SeminarsNideos 

Listings are $300 for one column inch or $500 for a 2" bold-rule boxed listing. 
(Additional inches in same ad are $250). Special introductory offer: buy two, 
get two free; $600 (payable with order) buys four 1" listings for the balance of 
1992, Sept.- Dec. To advertise in this low-cost, high-impact section, call 
Evelyn Mars or Luke Schnirring at (800) 944-NASA. 
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GOULD 
Our nelV recorder 
COUles \Vith everything 
but cOUlpiications. 

Electronics 

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

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

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

WindoGraf. Just another 
way Gould is helping you meet 

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

For More Information Circle No. 484 

------ -:. GOUW 

rrrr 

1,- ------
1 Yes! Please rush me a FREE WindoGraf brochure! 

1 (please PfI"t. or affix busness card) NTB 8/92 

1 NAME: TITLE: ______ _ 

1 COMPANY: ______________ _ 

1 STREET: _______________ _ 

1 CITY: STATE: __ ZIP: ___ _ 
1 TELEPHONE: ______________ _ 

1 Send to: Gould Inc., Test and Measurement Group, 8333 RockSide Road, 
1 ValleyView, Ohio 44125, or call (216) 328-7000, Fax (216) 328-7400. 

1 
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l 
his year, NASA's Langley Re­

search Center, Hampton, VA, 
celebrates 75 years as one of the 
world's premier aeronautical and 
aerospace research laboratories. 

The center's rich history spans the era 
of air and space travel to include such 
highlights as the first aircraft to break 
the sound barrier, landing a man on the 
moon, and the pioneering technology 
of the space shuttle. 

The nation's first government-run 
civil ian aeronautical laboratory began 
rather modestly on July 17, 1917. Ini­
tially called Langley Field, in honor of 
the aeronautical pioneer Samuel 
Pierpont Langley, it was the founding 
research facility of NASA's predeces­
sor, the National Advisory Committee 
for Aeronautics (NACA), formed in 1915 
and funded by President Woodrow Wil­
son with just $5000. By the time its first 
wind tunnel was dedicated in 1920, Mr. 
Langley had died and the NACA facility 
became the Langley Memorial Aero­
nautical Laboratory. With NACA's for­
mal abolishment in 1958 and the ab­
sorption of its facilities into the new 
National Aeronautics and Space Ad­
ministration , the laboratory was re­
named the Langley Research Center, 
as it is known today. 
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A consistent forerunner in wind tun­
nel design and research, the center 
constructed the world's first variable­
density wind tunnel in 1923, which pro­
vided the primary source of data for the 
nation's growing aviation industry. The 
tunnel set the standard for all variable­
density wind tunnels in use today, and 
was designated a National Historic 
Landmark in 1985. Building on its wind­
tunnel supremacy, the center soon 
added a propeller research tunnel , a 
full-scale tunnel , and constructed the 
first transonic tunnel in 1950, featur­
ing a slotted throat test section. 

The center's engineers fostered 
both transfer of research findings and 
their own awareness of pressing prob­
lems by working closely with aircraft 
manufacturers and academic research­
ers. One of the center's most ingenious 
early designs, in response to broad­
ranging requests for a means to re­
duce wind drag, was cowling in radial 
aircraft engines. The innovation won for 
NACA in 1929 the prestigious Coll ier 
trophy, recognizing the year's greatest 
aeronautical achievement. Engine cowl­
ing revolutionized aircraft design in the 
1930s and saved the aviation industry 
millions of dollars. 

During World War II , NACA research-

ers tested and boosted the performance 
of virtually every type of American com­
bat plane, redesigning some 115 air­
craft. The expertise gained was applied 
after the war to the challenges of high­
speed flight. Langley scientists joined 
with the military in a supersonic aircraft 
development program that culminated 
in Charles E. Yeager's historic flight 
beyond the speed of sound on October 
14, 1947. The program garnered Lan­
gley another Collier trophy, and pro­
vided a stepping stone to development 
of the X-15, America's first hypersonic 
transatmospheric vehicle. 

Reducing aerodynamic drag to in­
crease efficiency and performance per­
sisted as a central focus of efforts to 
send aircraft soaring at ever-increasing 
speeds. Langley innovations that helped 
set the pace of high-speed aircraft de­
velopment included laminar-flow air­
foils and the swept wing in the 1940s, 
the variable-sweep wing in the 1950s, 
and the supercritical wing in the late 
1960s. The transonic area rule, an in­
novative guide to shaping high-speed 
aircraft for optimum balance between 
wing and fuselage volume, allowed 
planes to safely pass through Mach 1 
and won Langley yet another Collier 
in 1954. 
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Onward and Upward 
Serving as the foundation of 

the newly-formed NASA at the 
end ofthe 1950s, Langley helped 
give birth to the space age. 
NASA's manned space program 
began at the center, where the 
original seven astronauts trained 
for Project Mercury. Langley also 
supported the subsequent 
manned space programs-

• Gemini, Apollo, Skylab-provid­
ing spacecraft design and test­
ing , flight concept development, 
and mission planning. Notable 
successes included demonstrat­
ing for Project Apollo the feasi­
bility of lunar-orbit rendezvous -
by employing a lunar landing 
module detachable from the 
mother ship. The concept expe­
dited man's first moon landing 
which propelled the nation to the 
forefront of space technology. 

Various unmanned space 
projects also relied on Langley 
ingenuity, including the Echo 
communications satellites, the 
Explorer, the Lunar Orbiter, and 
the more recent Long Duration 
Exposure Facility, a large satel­
lite carrying 57 space experi­
ments into orbit for six years. 
Since 1959, Langley has man­
aged the Scout launch vehicle, 

designed for unmanned small satellite 
missions and high-altitude probes. Ca­
pable of launching a 385-pound satel­
lite into a 500-mile orbit, the veteran 
Scout has had a success rate of 96 
percent on 114launches, thereby earn­
ing a spot at the National Air and Space 
Museum. On a larger scale, Langley 
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managed the enormously fruitful Viking 
project, which landed two automated 
laboratories on Mars. 

Langley's contributions to the ongo­
ing space shuttle program included 
60,000 wind-tunnel test hours to define 
vehicle flying characteristics, recom­
mendation of the shuttle's delta wing 
shape, structural and materials evalua­
tion, launch certification of the thermal 
protection system, and design 
and analysis of the flight con­
trol and guidance systems. 

Langley Today 
Langley Research Center 

currently employs approxi­
mately 5200 people and en­
compasses 203 buildings on 
nearly 800 acres of govern­
ment land. Flighttests are con­
ducted in over 40 wind tunnels 
that operate at speeds up to 
Mach 20. The newest asset is 
the National Transonic Facil­
ity, a large wind tunnel in which 
cryogenic nitrogen is pushed 
through the tunnel instead of 
air for a more realistic tran­
sonic flight simulation. 

impact on space vehicles; and develop 
advanced composites, thermal control 
systems, and improved electronics. One 
result is the more than 500 technical 
reports and articles published by the 
center's researchers annually. Some of 
the center's current projects include: 

National AeroSpace Plane (NASP) 
Development. This joint program of 
the Department of Defense, NASA, and 

Langley's computer com­
plex houses one of the world's 
fastest supercomputers and 
various sophisticated labora­
tories are equipped for re­
search in fields ranging from 
computer science and ad­
vanced materials to acoustics 
and optics. Researchers de­

A multiple exposure captures the movement of the 
Lunar Excursion Module, a manned simulator 
designed by Langley to train Apollo astronauts. 

sign sensors, communications equip­
ment, and data handling systems for 
space use; investigate the effects of 
heat, vacuum, noise, and meteoroid 

US industry, supports development of a 
vehicle that will take off horizontally like 
an airplane, accelerate to about 17,500 
mph (25 times the speed of sound) and 
reach low-Earth orbit. While in orbit, the 
plane could repair satellites or deploy 
payloads to the space station, and then 
retu~n for a runway landing on Earth. 
Langley investigators employ super­
computer-generated simulations of 
high-speed wind tunnel tests to study 
engine nozzle performance and exhaust 
effects on tail surfaces. 

HL-20 Personnel Launch System. 
The HL-20 is Langley's candidate for a 
compact space vehicle to transport up 
to 10 astronauts and small cargo to and 
from low-Earth orbit, allowing rapid, af­
fordable manned access to space. The 
vehicle is intended to complement the 
space shuttle and, as currently con­
ceived, would be launched from an 

The cockpit of Langley's Transport 
Systems Research Vehicle displays 
data from an advanced-warning system 
for wind shear. 
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expendable booster and be capable of 
runway landings. With its wings folded, 
it could fit within the space shuttle's 
payload bay. Lacking the shuttle's main 
propulsion engines, the HL-20 would 
also offer enhanced crew safety. 

Wind Shear Detection. Research 
at Langley's Wind Shear Program Of­
fice addresses the FAA mandate re­
quiring all commercial aircraft to have 
onboard wind shear detection systems 
by the end of 1993. The FAA seeks 
sensors that will provide 20-40 second 
advanced warning of potentially dan­
gerous wind shears caused by strong 
divergent winds, thereby allowing the 
aircraft's crew sufficient time to take 
corrective action. The office has flight­
tested two forward-looking wind shear 
sensors based on Doppler radar and 
infrared technologies; tests of a third, 
laser-based L1DAR system are under­
way this summer in Denver, CO and 
Orlando, FL. 

Wide-Screen Displays for Cock­
pit Research. Recent advances in com­
puter graphics have made possible 
large-screen, integrated stereo displays 
useful in enhancing pilot and aircraft 
performance as well as safety. Langley 
has installed a 15" x 40" high-definition 
cockpit display in a ground simulator to 

assess pilot awareness. 
Global Environment Stud­

ies. Major efforts are underway 
to analyze the global climate, fo­
cusing on such phenomena as 
holes in the ozone layer. Ground­
breaking cloud radiation research 
included a Langley-led expedi­
tion this June by nearly 300 at­
mospheric scientists from eight 
countries to the Eastern Atlantic 
region between the Azores and 
Madeira Islands. Called the At­
lantic Stratocumulus Transition 
Experiment (ASTEX) , it collected 
information on the puffy, layered 
clouds in the region to assess 
their effects on the atmosphere 

Engine exhaust is modeled in this supercom­
puter-generated image of an aerospace vehicle 
as part of the National AeroSpace Plane 
(NASP) Program. 

and ocean. Analysis of the data is 
expected to yield refinements in com­
puter models used to predict world­
wide weather patterns. 

Langley researchers also devised 
the Halogen Occultation Experiment 
(HALOE), an atmospheric satellite de­
ployed by the space shuttle in 1991 . 
HALOE is intended to provide global­
scale data on temperature, ozone, and 
other gases to better understand the 
chemistry, dynamics, and radiative pro­
cesses of the middle atmosphere. Other 
atmospheric satellite studies include the 

Earth Radiation Budget Experiment, 
which gathers information on the radia­
tion effects of clouds, and the Strato­
spheric Aerosol and Gas Experiment, 
which measures ozone and aerosol 
concentrations in the upper atmosphere. 
Langley researchers plan a number of 
future experiments for the Earth Ob­
serving System Polar Orbiting Satellite 
and the space station to further ad­
vance our knowledge of the global im­
pact of natural and man-made phe­
nomena. D 

Time Code 
Instrumentation 
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Professionals in many disciplines rely on recorded time code as a primary reference in data correla­
tion and control applications. For nearly 20 years we've supplied quality timing instrumentation to 
customers in fields as diverse as entertainment, medical research, flight test and deep space 

exploration. 

Datum produces a comprehensive line of timing instr~mentation products, from rack mounted 
units designed for moderate environments, to ruggedized equipment for airborne, shipboard 

and mobile applications. Manufactured to commercial standards or military specifications 
requiring QPL certification, these instruments include time code translators and 

generators, tape search units, digital clocks and displays. A host of options 
enables the designer to maintain cost effectiveness while achieving 

optimum system configuration. 

We also design and manufacture complete range timing systems to 
customer specifications. 

For more information or applications assistance, call or write. 

Datum Inc 
Timing Division 

1363 S. State College Blvd., Anaheim, CA 92606-5790 
(714) 533-6333 

For More Information Circle No. 586 NASA Tech Briefs, August 1992 



Congratu{ations 
NASA Langley For 75 Years 

Of Scientific And 
Technical Excellence 

We salute you on the occasion of your 75th anniversary and are proud to 
be part of your continuing leadership in aeronautics and space technol­
ogy. We look forward to extending our partnership with you into the next 
century to ensure that our nation achieves its future aerospace goal . 

MCDONNELL 
DOUGLAS 

INSTRClN 



New Product Ideas 
New Product Ideas are just 
a few of the many innovations 
described in this issue of 
NASA Tech Briefs and having 
promising commercial applica­
tions. Each is discussed further 
on the referenced page in the 

appropriate section in this 
issue. If you are interested in 
developing a product from 
these or other NASA innova­
tions, you can receive further 
technical information by 
requesting the TSP referenced 

at the end of the full-tength article 
or by writing the Technology 
Utilization Office of the sponsoring 
NASA center (see page 20)_ 
NASA's patent-licensing program 
to encourage commercial develop­
ment is described on page 20. 

Computer Jet-Engine­
Monitoring System critical engine data on one screen and 

would alert the engineer if abnormal con­
ditions develop. 

Barrier/n/n + Varactor 
Frequency Multipliers 

A developmental system would reduce 
the difficulty of monitoring turbofan engines 
in flight. The system will distill and display (See page 35) 
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C) CO 1\ le,\ t d 
LJLI 11 V LM a compac ca~ . 

OERIVE,., A Mathematical Assistant is now available for palmtops through 486-based PCs. 

TheDERIVE® • Symbolic math from algebra • Taylor and Fourier series 
program through calculus. approximations. 
solves both • Plots in both 2-D and 3-D. • Permits recursive and iterative 
symbolic 

• Simple, letter-driven menu programming. 
and numeric 
problems, interface. • Can generate Fortran, Pascal 
and it plots • Solves equations exactly. and Basic statements. 
beautifully too. • Understands vectors and System requirements 

matrices. PC version: MS-DOS 2.1 or 

• Split or overlay algebra and later, only 512Kb RAM and one 
plot windows. 3.5" or 5.25' disk drive. 

• Displays accepted math notation. 
Suggested retail price is $250. 

ROM-card version: Hewlett-
• Performs arithmetic to Packard 95LX Palmtop comput-

thousands of digits. er. Suggested retail price: $289. 
• Simplifies, factors and expands Contact Soft Warehouse for a 

expressions. list of dealers. Or, ask at your 
• Does exponential, logarithmic, local computer store, software 

trigonometric , hyperbolic and store or HP calculator dealer. 
probability functions. Dealer inquires are welcome. 

2000 Years of IIw-I loft Warehoule~ Soft Warehouse. Inc . • 3660 Wa,alae Ave. 
Malhematlcal Know- Sle 304 · Honolulu . HI. USA 96816-3236 
ledge on a Disk __ HONOLULU - HAWAII Ph: (808) 734-5601 • Fax (808) 735- 1105 

For More Information Circle No. 474 

These solid-state frequency multipliers 
would offer increased efficiency at milli ­
meter and submillimeter wavelengths. The 
devices would feature Mott or heterojunc­
tion barriers and back-to-back diode con­
figuration , which would make it possible 
to obtain symmetrical capacitance-versus­
voltage characteristics w ith a high ratio 
between the maximum and minimum 
capacitances. 
(See page 28) 

Making Crystal 
Filaments From 
Extruded Ceramic Rods 

Ceramic or metal fibers can be extruded 
into rods 0.01 to 0.05 in. (0.25 to 1.27 mm) 
in diameter at a significantly lower cost 
than in an earlier method of preparing the 
rods from hot-pressed full-density disk. The 
filaments can be used as reinforcing fibers 
in composite materials. 
(See page 68) 

Helicopter Rotor Blade 
With Free Tip 

Free-tip rotor blades significantly im­
prove fuel efficiency and other perform­
ance characteristics of helicopters. Tests 
on a scale model demonstrated 12 percent 
reduction in power requirement at cruise 
speeds. More savings are anticipated at 
higher speeds. 
(See page 62) 

Tangential-Entry Injector 
With Internal Reed Valve 

A liquid-spray-injecting device features 
a designed pressure drop versus rate of 
flow to help in metering the flow. Potential 
application is in fuel -injection systems. 
(See page 56) 

Improved Raman· 
Emission Detector 

Use of a paraboloidal mirror and collect­
ing lens is one of several improvements 
that has increased the sensitivity of Raman­
emission detector. The new detector also 
features improved flow geometry that re­
duces stabilization time. 
(See page 41) 
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Now meet 
the rest of 
the Jandel 

family! 
Jandel cientific offers a full line 
of software tools to enhance and 

improve the quality of your research. 
As with SigmaPlot, Jandel stands 

behind all of its products with free, 
unlimited technical support, 

extensive documentation and 
an unconditional money-back 

guarantee. Call us today for a FREE 
brochure on any of our products! 

800-874-1888 
(toll-free in U.S.) 

2591 Kerner Blvd., San Rafael, CA 94901 
PH: 415-453-6700 • FAX: 415-453-7769 

In Europe: SchimmelbuschstraBe 25, 
4006 Erkrath, Germany 

PH: +02104fJ609 • FAX:+ 02104f33110 

TableCurve 
Automated Curve Fitting Software 

TableCurveN offers a truly automated solution to the 
time consuming task of curve fitting. Fit and rank over 
3,300 equations to your x-y dataset - in one highly 
automated step! View each ranked equation indivi­
dually as a graph and data tables. Choose from a variety 
of output options. IBM PC Compatibles 

For More Information Circle No. 632 

PeakFit 
Chromatography I Spectroscopy Analysis Software 

By using sophisticated non-linear curve fitting 
techniques, PeakFitN allows scientists to more 
effectively separate and characterize unresolved peak 
data. Analysis includes complete peak characterization 
(amplitude, area, center, width, asymmetry, etc.) plus 
all parameter and fit statistics. IBM PC Compatibles 

For More Information Circle No. 634 

Java 
Video Analysis Software 

JAVA- brings the power of mainframe and minicom­
puter image analysis to PC computers, at a fraction of 
the cost! Designed to automate a variety of research and 
analysis tasks, JAVA integrates image processing, object 
counting, morphometry and data analysis capabilities 
into one powerful package. IBM PC Compatibles 

For More Information Circle No. 631 

SigmaScan 
Scientific Measurement Software 

No more planimeters, rulers and calculators. With 
SigmaScanN and a digitizing tablet, you can digitize, 
measure, and analyze your strip-charts, X-rays, maps and 
more in seconds! Manipulate and analyze data 
extensively within the huge, built-in worksheet. Fast, 
accurate and easy-to-use, SigmaScan saves hours over 
manual measurement methods. IBM PC Compatibles 

For More Information Circle No. 633 

Over 30,000 researchers have made 
SigmaPlot® their choice for creating 
publication quality technical graphs. 
Why? Because unlike business graphil 
packages, SigmaPlot offers an extensi1 

range of true scientific features 
including automatic error bars, huge 
data set handling, axis breaks, 
regression lines, confidence intervals, 
mathematical transforms, non-linear 
curve fitting and more! 

Add to this powerful data analysis, 
interactive graphics editing, and 
comprehensive output and export 
options, and you can see for yourself 
why SigmaPlot is the number one 
choice worldwide for creating out­
standing scientific graphs and charts. 
For the PC and the Mac 
PC InformatIon Circle No. 630 
MAC Information Circle No. 635 



HOW YOU CAN BENEFIT 
FROM NASA's 
TECHNOLOGY 
UTILIZATION 
SERVICES 

I f you 're a regular reader of TECH BRIEFS, then you're already makIng use of 

one of the low-and no-cos! services provided by NASA's Technology Utilization 
(TU) Network. But a TECH BRIEFS subscription represents only a fraction of 
the technical information and applications/engIneering 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. 

We've outlIned below NASA's TU Network-named the partICipants. de-
scnbed 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 applicallons servICes offered by NASA's Technol-
ogy Utilization Network 

~------------------------------------------------------------------~~ 
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How You Can Access Technology Transfer Services At NASA Field Centers: 
Technology Utilization Officers & Patent Counsels-o--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). If a TSP is not 
available, you can contact the Technology Utilization Officer at the NASA Field Center that sponsored the research. He can arrange for assistance in 
applying the technology by putting you in touch with the people who developed it. If you want information about the patent status of a technology or are 

interested in licensing a NASA invention, contact the Patent Counsel at the NASA Field Center that sponsored the research. Refer to the NASA reference 
number at the, end of the Tech Brief. 

Ames Research Ctr, John C. Stennis langley Research Ctr. Jet Propuls ion Lab. George C. Marshall Houston, TX 77058 
Technology Utilization Space Center Technology Utilization NASA Resident Office Space Flight Center (713) 483-3809 
Officer:Geoffrey S. Lee Technology Utilization Officer: Joseph J . Technology Utilization Technology Utilization Patent Counsel: 
Mail Code 223-3 Officer: Robert Mathis, Jr. Officer: Anf Husain Officer: Ismail Akbay Edward K. Fein 
Moffett Field, CA 94035 Barlow Head, TU & AO Office Mail Stop 180-801 D Code ATOI Mail Code AL3 
(415) 604-4044 Code HA-30 Mail Stop 200 4800 Oak Grove Drive Marshall Space Flight Houston , TX 77058 
Patent Counsel: Stennis Space Center, Hampton, VA 23665-5225 Pasadena, CA 91109 Center, (713) 483-4871 
Darrell G. Brekke MS 39529 (804) 864-2484 (818) 354-4862 AL 35812 NASA Headquarters 
Mail Code 200-11 (601 ) 688-1929 Patent Counsel: Patent Counsel: (205) 544-2223 Technology Utilization 
Moffett Field, CA 94035 

John F. Kennedy 
Dr. George F. Helfrich Thomas H. Jones Patent Counsel: Officer: Leonard A. Ault 

(415) 604-5104 
Space Center 

Mail Stop 143 Mail Code 180-801 G Robert L. Broad, Jr. CodeCU 
Lewis Research Center Technology Utilization 

Hampton, VA 23665-5225 4800 Oak Grove Drive Mail Code CCOI Washington, DC 20546 
Technology Utilization Officer: James A. 

(804) 864-3221 Pasadena, CA 91109 Ma rshall Space Flight (703) 557-5598 
Officer: Anthony F. AJiberti Goddard Space Flight (818) 354-5179 Center, Assistant General 

Technology Utilization AL 35812 -
Ratajczak Mall Stop PT-PAT-A Center Counsel for Patent 
Mail Stop 7-3 Kennedy Space Technology Utilization 

Mgr. for JPL: Dr. Nor- (205) 544-0021 Matters: Robert F. 
21000 Brookpark Road Center, FL 32899 Officer. Dr. George Alcom man L. Chalfin Lyndon B. Johnson Kempf, Code GP 
Cleveland, OH 44135 (407) 867-3017 Mail Code 702 Mail Stop 156-211 Space Center Washington, DC 20546 

4800 Oak Grove Drive 
(216) 433-5568 Patent Counsel: Greenbelt, MD 20771 

Pasadena, CA 91109 
Technology Utilization (202) 453-2424 

Patent Counsel: Bill Sheehan (301 ) 286-5810 Officer: Dean C. Glenn 
Gene E. Shook Mail Code PT-PAT Patent Counsel: (818) 354-2240 Mail Code IC-4 
Mail Code LE-LAW Kennedy Space R. Dennis Marchant 
21000 Brookpark Road Center, FL 32899 Mail Code 204 I 

Cleveland, OH 44135 (407) 867-2544 Greenbelt, MD 20771 
(216) 433-5753 (301) 286-7351 

How You Can Utilize NASA's Regional Technology T ransfer Centers (RTTCs) - 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 RTTCs for assistance in solving a specific technical problem or meeting your information needs. The "user friendly" 
RTTCs are staffed by technology transfer experts who provide computerized information retrieval from one of the world's largest banks of technical 

data. Data bases, ranging from NASA's own data base to Chemical Abstracts and INSPEC, are accessible through the six RTTCs located throughout the 
nation. The RTTCs also offer technical consultation services and/or linkage with other experts in the field. You can obtain more information about these 
services by calling or writing the nearest RTTC. User fees are charged for information services. 

REGIONAL TECHNOLOGY TRANSFER CENTERS (RTTCs) 

RTTC Directors 

NORTHEAST 
Dr. William Gasko 
Center tor Technology 

Commercialization 
Massachusetts Technology Park 
100 North Drive 
Westborough, MA 01581 
(508) 870-0042 

MID-ATLANTIC 
Ms. Lani S. Hummel 
Univers~y of Pittsburgh 
823 William Pitt Union 
Pittsburgh, PA 15260 
(412) 648-7000 
(800) 257-2725 (toll-free US) 

SOUTHEAST 
Mr. J. Ronald Thomton 
Southem Technology Application 
Center 
University of Florida 
College of Eng. 
Box 24 
One Progress Boulevard 
Alachua, FL 32615 
(904) 462-3913 
(800) 354-4832 (FL only) 
(800) 225-0308 (toll-free US) 

MID-CONTINENT 
Mr. Gary Sera 
Texas Engineering Experiment Station 
Texas A&M Univers~y System 
237 WERC Collge Station, 
Texas 77843-3401 
409-845-8762 
800-548-1536 (toll-free US) 

MID·WEST 
Dr. Joseph W. Ray 
Great Lakes Industrial Technology Center 
25000 Great Northem Corporate Center 
Suite 450 
Cleveland. OH 44070-5310 
(216) 734-0094 

FAR·WEST 
Mr. Robert Stark 
Technology Transfer Center 
University of Southem Califomia 
3716 South Hope Street, 
Suite 200 
Los Angeles, CA 90007·4344 
(213) 743-6132 
(800) 642-2872 (CA only) 
(800) 872-7477 (tOil-free US) 

If you are interested in information, applications, research , training, and services relating to satellite and aerial data for Earth resources, contact NASA's 
transfer point for earth observing technology: Technology Appfication Center, University of New Mexico, 2808 Central, S.E" Albuquerque, NM 
87131-6031 ; Dr. Stan Morain, Director (505) 277-3622. 

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 lrom a variety of disciplines, the Application Team works with public sector organizations to identify and 
solve critical problems with existing NASA technology. Technology Appl icati!ln Team, Research Triangle Institute, P.O, Box 12194, Research 
Triangle Park, NC 27709; Dr, Doris' Rouse, Director, (919) 541-6980 

A Shortcut To Software: COSMlc:e-For software developed with NASA 

funding, contact COSMIC, NASA's Computer Software Management and Informa­
tion Center. New and updated programs are announced in the Computer Programs 

section . COSMIC publishes an annual software catalog . For more information call 
or write: COSMtC': 382 East Broad Street, Alhens, GA 30602 John A. Gibson, 
Director, (706) 542-3265; FAX (706) 542·4807. 

If You Have a Question .. NASA Center For AeroSpace Infor­

mation can answer questions about NASA's Technology Utilization Network and 

its servIces and documents. The CAS I staff supplies documents and provides 
referrals. Call , write or use the feedback card in this issue to contact: NASA Center 
For AeroSpace Information, Technology Utilization Office, P.O. Box 8757, 
Baltimore, MD 21240-0757. Waller M. Heiland, Manager, (410) 859-5300, Ext. 245. 
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Electronic Components and Circuits 

.. ~ Paraboloidal Reflector With Movable Subreflector 
The subreflector is tilted and translated to compensate for gravitational distortions. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

The subreflector of a 34·m-diameter par· 
aboloidal radio·antenna reflector can be 
tilted and translated slightly to compensate 
partly for gravitational distortions of the 
antenna structure. The basic idea is sim· 
pie and well known: one adjusts the posi· 
tion and orientation of the subreflector to 
focus it with respect to the phase center 
of the radio· frequency feed horn and the 
primary focus of the computed paraboloid 
that best fits the gravitationally distorted 
main paraboloidal reflector. By so doing. 
one restores some of the gain that is lost 
when the antenna is aimed at an eleva· 
tion angle other than the design optimum 
elevation (which is 45 0 in this case). One of Four legs 

of Qu.drlpod 

The Positi on and 
Orientation of the 
Subreflector are ad­
justed to compensate 
for gravitational dis­
tortions of the main 
reflector and other 
substructures when 
the elevation angle is 
changed. In the case 
of the 34-m antenna 
described in the text. 
typical adjustments 
upon change of el­
evation from 450 to 
900 are of the order of 
millimeters. 

The subreflector is located at the outer 
end of a quadripod mounted on the main 
reflector. The subreflector is mounted on 
the bottommost one of three plates. the 
topmost of which is connected to the 
quadripod at three corners by screwjacks 
that translate the corners along the z axis 
(see figure). Tilts are effected via differen· 
tial z translations of the corners. The other 
two plates are connected to the top plate 
and to each other by slides and screw· 
jacks that provide translations along the 
x and yaxes. 

ADJUSTMENTS ~ ~ \ 
OF SUBREFLECTOR ~ \ 

~ 

lransducers indicate positions along the 
axes of the jacks, providing feedback for 
control of the position and orientation of 

the subreflector. A digital memory serves 
as an electronic lookup table that contains 
data on the required adjustments of the 
subreflector. These data are precomputed 
on the basis of measured and calculated 
gravitational distortions of the main reflec­
tor. quadripod. and other substructures as 
functions of the elevation angle. A Signal 
indicative of the actual elevation angle is 

fed to a microprocessor. which uses the 
lookup table to generate control signals 
thal in turn . command the screwjacks to 
the required positions. 

This work was done by Masakazu S. 
Katow of Planning Research Corp. for 
NASA's Jet Propulsion Laboratory. For 
further information. Circle 163 on the TSP 
Request Card. NPO-18442 

~~ Capacitive Proximity Sensor Has Longer Range 
Sensitivity and range are increased by use of a driven shield. 

Goddard Space Flight Center, Greenbelt, Maryland 

Figure 1 illustrates a robot equipped with 
an improved capacitive sensor to detect 
a nearby object (which could be a person, 
conductor. or dielectric insulator). The out­
put of the sensor is fed to the robot con- . 
troller to prevent a collision between the 
robot and the object. Whereas prior capa­
citive proximity sensors for this purpose 
had to be mounted at typical standoff dis­
tances of 1 in. (2.5 cm) from the surfaces 
of robot arms. this sensor can be mounted 
more nearly flush and still achieve ranges 
in excess of 1 ft (30 cm). compared to the 
1-in. (2.5·cm) range of comparable indus­
trial sensors. The sensitivity and dynamic 
range also has a corresponding 12-to-1 
improvement. 

One essential element of the sensor is 
a thin sheet of conductive material mount-
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ed on a thin layer of electrical insulation 
on the electrically grounded robot arm. A 
second. much narrower sheet is similarly 
mounted on (and electrically insulated 
from) the first sheet. The second sheet 
serves as the capacitive sensing element, 
while the first sheet serves as an elec­
trostatic shield between the sensing ele­
ment and the robot arm. Through a volt­
age-follower circuit . the shield is driven at 
the same potential as that applied to the 
sensing element, without loading the 
source of the potential. As shown at the 
top of Figure 2. the driven shield alters the 
electric field around the sensing element. 
Instead of being concentrated in the gap 
between the sensing element and the 
grounded robot arm (as it would be in the 
absence of the driven shield). the field is 

effectively squeezed out of the gap and 
concentrated more in the exterior space 
to be probed. 

As shown at the bottom of Figure 2. the 
sensing element is part of an oscillator cir­
cuit that operates at a typical frequency 
of about 20 kHz. The total capacitance be­
tween the sensing element and ground 
constitutes the tuning capacitance of the 
oscillator. This total capacitance includes 
the approximately fixed capacitance. Csg. 
between the sensing element and ground. 
It also includes the series combination of 
(1) the variable capacitance, Cso• between 
the sensing element and the object and 
(2) the variable capacitance (if any). Cog. 
between the object and ground. The object 
is detected via the effect of Cso on the fre­
quency of oscillation. 
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Tap Into The World's Largest 
Technology Bank At 

Technology 2002 

TECHNOLOGY 

2002 
the third national technology transfer conference & exposition 

December 1-3, 1992, Baltimore, MD Convention Center 

Your One-Stop Shopping Place 
For Innovative Ideas 
More than a conference ... more than a trade show ... Technology 
2002 is a vital resource that will put you in direct contact with the 
premier technology developer and tech transfer experts in federal 
laboratories and industry. Technology 2002 will how you how to 
tap into the government' $70 billion technology storehouse and 
turn taxpayer- upported innovations into profitable products. And 
it will alert you to a wealth of patent licensing and cooperative 
R&D opportunities in areas defined by the White House a critical 
to the nation's future. 

You can attend dozens of meetings this year and spend countless 
hours searching for new ideas to help your business grow ... or you 
can invest three days at Technology 2002 and discover - in one 
place, at one time - the best technology America has to offer. 

Technology 2002 will feature: 
... Over 120 presentations spotlighting important new inventions 

in Materials, Manufacturing, Information and Communica­
tions, Biotechnology and Life Sciences, and Energy and 
Environment - areas selected as National Critical Technolo­
gies; 

... Information-packed sessions on university-based and inter­
national technologies U.S. companies can use to bolster their 
competitiveness and productivity; 

... A pecial work hop covering patent licensing, cooperative 
R&D agreements, and SBIR grants; 

... 60,000 square feet of exhibits showcasing cutting-edge inno­
vations available for license or sale; 

... The third annual Technology Transfer Awards Dinner, offer­
ing an unparalleled opportunity to network with government 
leaders and industry executives in an elegant setting-the 
Hyatt Regency 's Grand Ballroom. Norman Augustine, CEO 
of Martin Marietta Corp., will be the dinner speaker. 
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I Technology 2002 Program 

1 Tuesday, Dec. I 
8:30 - 9:45 am 
10:00 am - 12:00 pm 
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4 :00 - 6:00 pm 

1 Wednesday, Dec. 2 1 
8:30 - 8:55 am 
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4:00 - 6:00 pm 

7:00 - 10:00 pm 
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1:00 - 3:00 pm 

1 Exhibit Hall Hours 1 

Welcome and Keynote Address 
ational Critical Technologies (6 Tracks) 

National Critical Technologies 
Workshop: How To Do Business With 
The U.S. Government 
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National Critical Technologies (6 Tracks) 
National Critical Technologies 
University Technology Tran fer 
Opportunities (Track # I ) 
International Technology Forum (Track #2) 
Technology Transfer Awards Dinner 

Thursday Keynote Address 
National Critical Technologies (6 Tracks) 
Uni versity Technology Transfer 
Opportunities (Track # I ) 
International Technology Forum (Track #2) 

Dec. 1-3: 10:qo am - 5:00 pm 

Preregister and Save 

Mail your completed preregistration form with check or money 
order (if applicable) payable to the Technology Utilization 
Foundation, or fax it wi th credi t card data to (2 12) 986-7864. To 
register by phone, call (800) 944-NASA. Government organiza­
tions may register using a purchase order. Deadline for preregis­
tration is ovemher 20. 

Choose from four types of registrations: 
... Complete registration- includes sympo ia, workshops and 

exhibits for all three show days; tickets to the opening 
reception on Monday evening, Nov. 30 and to the Awards 
Dinner on Wednesday, Dec. 2; and a set of the official 
Technology 2002 proceedings; 

... Three-Day Symposia/Exhibits-covers symposia, workshops, 
and exhibits Tuesday through Thursday; 

... One- Day Symposia/Exhibits; 

... Exhibits Only . 

Early-Bird Bonus: The first 100 paid registrants will receive a 
com plimentary Technology 2002 T-shirt. 

Complete Registrati on 
Three-Day Symposia/Exhibits 
One-Day Symposia/Exhibit. 
Exhibits Only 

By I 1/20 
$240 
$ 150 
$75 

On-Site 
$285 
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Additional tickets to the Awards Dinner may be purchased for 
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conference rates: 
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$63 
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The Hyatt is connected by walkway to the convention center; the 
other hotels are in easy walking distance. When making reserva­
tions, you must identify yourself as a participant in the Technol­
ogy 2002 conference to receive the special rates. 

For more information about Technology 2002, or to find out 
how your company can exhibit at this important national event, 
call Wendy Janiel or Joseph Pram berger at (800) 944-NASA. 

Technology 2002 
Preregistration Form 
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Name ________________________________________ __ 
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and no money refunded. 

Return with payment to: Technology Utilization Foundation, 
41 East 42nd Street, Suite 921, New York, NY 10017 



Figure 1. The Capacitive Proximity Sensor on the robot arm detects 
a nearby object (which could be a person) via the capacitive effect of 
the object on the frequency of an oscillator. 
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Figure 2. The Sensor Circuit includes a shield driven by a replica of 
the alternating voltage applied to the sensing element. The driven 
shield concentrates the sensing electrostatic field in the exterior 
region to enhance sensitivity to the object 
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The alteration of the electrostatic field 
greatly diminishes Csg and increases Cso 
somewhat. Thus, Cso becomes a greater 
fraction of the total capacitance, with a 
correspondingly proportional increase in 
its effect on the frequency of oscillation. 
In a typical case, the result is an increase 

in the range at which an object can be 
sensed, from about 1 in. (2.5 cm) to about 
12 in. (30 cm). 

This 'I'tOrk was done by John M. Vranish 
of Goddard Space Flight Center. For fur­
ther information, Circle 136 on the TSP Re­
quest Card. 

This invention is owned by NASA, and 
a patent application has been filed. In­
quiries concerning nonexclusive or ex­
clusive license for its commercial develop­
ment should be addressed to the Patent 
Counsel, Goddard Space Flight Center 
[see page 20]. Refer to GSC-13377. 

Determining Extinction Ratio of a Laser Diode 
Background light and nonideality of laser pulses are taken into account. 

Goddard Space Flight Center, Greenbelt, Maryland 
An improved technique for determining 

the extinction ratio of a pulsed laser diode 
is based partly on a more-realistic defini­
tion of the extinction ratio applicable to 
non ideal laser pulses. Heretofore, most 
such determinations involved the assump­
tion of ideal (that is square-wave) laser 
pulses, and, in some cases, neglect of the 
optical power from background light. 

Figure 1 illustrates the ideal and non­
ideal cases. The extinction ratio, R, is de­
fined by R = (Poo - P'd<¥(PcAf - P'd<)' where ~ 
is the output power of the laser in a pulse 
of duration T, Paff is the output power of 
the laser in the absence of a pulse, and 
P'd< is the power of background light.These 
powers are computed from the correspond­
ing output voltages Von ' ~ff' and Vbk of an 
amplifier connected to a photodiode at 
which the laser beam is aimed. . 

Because the power fluctuates during a 
real pulse, it is more realistic to define the 
extinction ratio in terms of the energy ob­
tained by integrating the power over the 
pulse interval (for Por) of duration T, dur­
ing an interval of duration T when the laser 
is operating under dc bias but the pulse 
is not applied (for Paff)' and during an in­
terval of T when the light from the laser 
is blocked, allowing the photodiode to re-

26 

ceive only background light. Then the ex-
tinction ratio is defined by 

R =[~t;,,(t)dt-~Pbk(t)dty 

[~~ff(t)dt-~ Pbk(t)dt] 

where t = time. If Pbk and Paff are con­
stant, then the equation becomes simply 

Q; voff ­
~ 

, 
R =[i-~~n(t)dt-PbkY (~ff -Pbk) 

Figure 2 illustrates an apparatus used 
to measure the extinction ratio of a laser 
diode. The laser beam is directed through 
an interference filter (which transmits light 
in a passband centered on the laser wave­
length), then focused by a lens onto a pos­
itive/intrinsic/negative photodiode.The pho-

o Poff 
~~--------------------------~--T 

I--T-~- I-- T---I Time 

IDEAL 
Q) 

0> 
~ 

Von - -------"0 
> 
0 
Q; Voff-

( I! Pbk I 
~ Vbk 0 Poff ~ 

I--T I-T-I Time 
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Figure 1. These Ideal and Nonideal Waveforms show the relationships among P , P If' 
Pbk and the corresponding voltages Von' Voff ' and Pbk. on 0 
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WE POWER YOUR STRONGEST IDEAS. 

When Techron began 
making power amplifiers 
in 1951, they had no idea 
how its technology would 
come to impact human 
life. What began as a 
power source for the 
music industry grew into 
the wellspring for some 
of mankind 's greatest 
achievements and most 
exciting new develop­
ments. A pathway to 
which Techron is now fully dedicated. 

T echron's reputation for creating a reliable high­
power source led it first to industrial and medical 
applications. A leading blue-chip compar:JY required 
the power, speed and fidel ity to run Magnetic Reso­
nance Imaging systems that only a Techron amp 
could provide. Techron responded with a custom 
product that could supply the gradient sue-system 
with precise, controlled power day after day, never 
wavering. 

Since then, the Techron spark of ingenuity has helped 
pave numerous inroads to a better way of life. After 
MRI applications came many exciting new fields of 
research. Most recently, research to make other 

medical procedures safer 
and less painful. The 
clean, steady reliability of 
Techron power is there. 

Techron's influence has 
been truly far-reaching . 
In chemical analysis, ex­
panding the ways X-rays 
create images. Guiding 
new ways of thinking in 
space exploration. Pow­
ering oil exploration. Vi­

bration test systems. Quality assurance testing for 
transformers, capacitors and cable harnesses. Re­
cycling methods. Radar installations. Automotive 
research for safer vehicles of the future. Safer mining 
by underground signalling. Particle acceleration stud­
ies. Noise-reduction research. Distance relay safety 
testing for sensing faults in high-tension wires. And 
currently, testing and setting the standards for the 
Electrical Power Regulatory Institute. 

It started with a product: Strong, clean, reliable power 
amplifiers. But it grew to fuel a generation of strong 
new ideas that not only are improving our lives today, 
but building a better future. We're proud to be a part 
of it. And we're committed to staying here. Right 
behind your greatest ideas. 

Ie CIRON. 
1718 W. Mishawaka Road Elkhart, Indiana 46517 

Call (219) 294-8300 
Techron Is s division of Crow Internstionsllnc. 

For More Information Circle No. 671 
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Output: 
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Laser Diode 

Interference 
Filter 
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Figure 2. This Apparatus Measures the Optical Energies conveyed by the laser beam 
during pulse intervals T long, conveyed by the laser beam during no-pulse intervals T 
long, and conveyed by background light during intervals T long. 

todiode is chosen to have a bandwidth 
(with respect to output electrical signals) 
greater than that of the amplitude modula­
tion of the laser beam. A boxcar averager 
processes the output of the diode, inte­
grating the appropriate amplified voltages 

over time to obtain J '&,(t'Pt,f Ptj,«(t'Pt, and 
J Pbk(t }dt. T T 
T 

This work was done by Glenn L. Unger 
of Goddard Space Flight Center. No fur­
ther documentation is available. 
GSC-13413 

Barrier/n/n+ Varactor Frequency 
Multipliers 
Solid-state frequency multipliers offer increased efficiency 

at millimeter and submillimeter wavelengths. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

Barrier/n/n + (BNN +) varactor diodes 
are being developed for use as frequency 
multipliers at millimeter and submillimeter 
wavelengths. Typical devices of this type 
would be required to serve as frequency 
triplers or quintuplers to provide powers 
of the order of milliwatts at frequencies 
from 0.1 THz to about 1 THz. 

The BNN + concept is an extension of 
the barrier/intrinsic/n+ (BIN+) concept de­
scribed in " BIN Diode for Submillimeter 
Wavelengths" (NPO-17258), NASA Tech 
Briefs, Vol. 13, No. 1 (January 1989), page 
24. Like BIN + varactor diodes and unlike 
Schottky-barrier varactor diodes, the BNN + 
devices feature Mott or heterojunction barri­
ers and a back-to-back diode configuration, 
which make it possible to obtain symmet­
rical capacitance-versus-voltage charac­
teristics with a high ratio between the max­
imum and minimum capacitances. This 
concept can be implemented by fabricat­
ing the back-to-back diodes in a planar 
configuration with no need to provide 
ohmic contacts between them and no 
need for bias voltage. In the version shown 
in the figure, each diode includes a barri­
er layer 20 to 30 nm thick, a drift layer 100 
to 150 nm thick, and an n+ layer, which 
serves as the back contact between the 
two diodes. 

In the BIN + case, the drift region is in­
trinsic, so that electrons injected from the 
n+ back contact carry space-charge-lim­
ited current with a frequency response 
limited by transit time. In this case, the 
capacitance-versus-voltage characteristic 

includes a sharp transition between the 
maximum and minimum capacitances, 
enabling generation of high harmonic con­
tent suitable for triplers, quintuplers, and 
the like at low powers. 

Numerical simulations have shown that 
the power would be maximized if the half 
width of the central peak in the capac i­
tance-versus-voltage curve were about 
one-fifth of the maximum voltage. This 
could be achieved by proper sheet dop­
ing between the barrier and the drift re-

· . . . . · .... · . . . . · .. . . · . . . . · . . . . 
: Dielectric 
· .. .. · . . . . · ... . · ... . · . . . . 

Drift Region 
(Intrinsic or n·Doped) 

n+ Back­
Contact Layer 

Doping 
Sheet 

· . .. . · . . . . · .... · . . . . · .... · . . . . 

Optional Etch·Stop Layer Sheet 

Back-to-Back BIN + or I NN + Diodes con­
stitute a frequency-tripling varactor. In the 
BN N + case, the drift region is n·doped. 
The optional etch-stop layer provides for 
the removal of the substrate to minimize 
the parasitic capacitance and the trans­
mission-line losses of the leads. 
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Think of it as a mathematical 
playground for your mind. 

Open up a whole new world of 
scientific and engineering problem 
solving with Mathcad 3.1. 

Between the challenge of new problems and 
the reward of new solutions there is math. 
Often, a lot of math. 

Which is why we make Mathcad. 
It's me remarkable software that give ' you 

me power to perform everything from simple 
arirhmetic to advanced computational gymnas­
tics more quickly, easily and naturally man 
wim calculators, spreadsheets or programming 
alone. 

You use Mathcad just like a scratch 
pad. Simply type your 
work anywhere in me live 
screen and Mamcad does 
the calculating. Change 
variables and Mathcad 
automatically updates the 
answers. It plots in 2-D 
and 3-D. And prints your 
results, complete with text 
and graphics, in presentation 
quality documents. 

Plus you see your work 
more clearly because Mathcad 
uses the same math notation 
you would use with a pencil 
and paper. 

-... ~.' ,.. .... 

It's the complete math system. 

. _­,--

Mathcad comes with more than 200 com­
monly used functions that let you quickly 
build even complex equations and formulas 

wim exponentials, differentials, 
cubic splines, FITs and more. 

Full symbolic calculation 
capabilities are available with a 
menu pick. So you can evaluate 
any integral, Taylor series or infi­
nite sum just by clicking. 

Optional Electronic Handbooks" 
give you instant access to data, formulas 
and diagr..ms once found only in reference 
books. They're fully interactive. Just click and 
paste them right into your document and work 
with them like any other text, value, table or 

formula. Or work with them right in 
the handbook itself. 

Plus optional Applications Packs 
with modifiable templates are avail­
able for all major engineering and 
science fields. 

Over 200,000 satisfied 
users . 

Each day, more engineers, scien­
tists and other technical profession­
als discover that Mamcad opens up 
a whole new world of freedom in 
problem solving, and helps them 
manage their time more efficiently. 
Which is why in addition to being 

the most popular math software you can buy, 
it is also me mo t productive. 
• Microsott- Windows,TM Motif and Open Look 
interfaces make Mathcad easy to learn and use 
• Optional Electronic Handbooks indudc The CRC 
Materials Science and Engineering Handbook, 

Machine Design and Analysis from the 
talldard Handbook of E''Bj'leeri'IB 
Calculations (McGraw-Hill), and 
the Mathcad Treasury of Methods 
and Formulas 
• Optional Signal Processing Func­

tion Pack contains over 60 functions 
including FIR and llR filter coefficients 

and power pectrum 
• Option:ti Applications Packs with adaptable tem­
plates for Electrical, Mechanical, Civil and Chemical 
Engineering, Statistics, Advanced Math, and 

umericaJ Methods 
• PC WmdolVs, PC DO , UNIX- and Macintosh­
versions available 

Free demo disk. 
For a free Mathcad demo 

disk, or upgrade informa­
tion, call 1-800-628-4223, 
(or 617-577-1017, 
Fax: 617-577-8829). 
Or see your software dealer. 

• ElectronIC H."dbook, rtquilt M,thad 3 I. 
© 1992 M,thSoft,lnc. TMand ®signify 
manufacturer's lr.ldcmark. or registered 
m(mark. rcspcctl\'cly. 

1-800-MATHCAD 

The answer is 
Mathcad® 

HTB 22 MathSoft, Inc. 201 Broadway, Cambridge, MA 02139 USA . Phone: 1-800-628-4223 • 617-577-1017 • Fax: 61 7-577-8829 
Awmli~ Ham< (03) B66 1766; Bdpum: SCtA 013/SS inS; Ocnnwlt: EOlbuJ 041·1S1m; RnLwl: z.n.. 0·691 76n; Fnn<c Uniwan: 01 ·4S·171061; C""",,1' SoftlJ", (0 78 01) 4036; la11' Clw>od 01·9009ln3; 1'1"0: SMl 03·5476-9816; 
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gion. The maximum voltage is, in turn, de­
termined by the onset of Fowter-Nordheim 
tunneling through the barrier, and this ex· 
cludes the use of a simple Mott barrier for 
power applications. 

The foregoing considerations led to the 
BNN + concept, in which bulk doping 
(around 1017/cm3) is added to the drift re­
gion. In this case, the current is no longer 
space'charge-limited and the frequency 
response is improved. The frequency re­
sponse would approach the dielectric·re­
laxation limit, if it were not limited by the 
onset of electron-velocity saturation and 

the parasitic resistance of the n + region. 
The central peak in the capacitance-ver­
sus-voltage curve becomes less sharp 
than for the BIN diode, with slowly vary­
ing depletion tails. This situation is advan­
tageous for high-power triplers. 

Likely subjects for development in the 
near future include Si02 /Si and AlxGa1_ X 
As/GaAs devices to be tested as wave­
guide triplers to produce 5 mW at 200 GHz. 
A quasi-optically-coupled array of triplers 
integrated with an antenna structure has 
also been considered. 

This work was done by Udo Ueneweg, 

Timo J. Tolmunen, Margaret A. Frerking, 
and Joseph Maserjian of Caltech for 
NASA's Jet Propulsion Laboratory. For 
further information, Circle 103 on the TSP 
Request Card. 

This invention is owned by NASA, and 
a patent application has been filed. In­
quiries concerning nonexclusive or ex­
clusive license for its commercial develop­
ment should be addressed to the Patent 
Counsel, NASA Resident Office-JPL [see 
page 20]. Refer to NPO-18428. 

Equations for Designing Superconducting Transmission Lines 
Characteristics of microwave circuits can be predicted accurately. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
Equations for the propagation of quasi­

transverse electric and magnetic (TEM) 
waves along thin films made of high-criti­
cal-temperature superconductors consti­
tute the basis of a mathematical model 
useful in the design of coplanar-waveguide, 
microstrip, and stripline microwave circuits 
made with such films. The model can be 
incorporated readily into older commercial 
software for the computer-aided design of 
microwave circuits, which software was 
developed before the advent of high-criti­
cal-temperature superconductors. 

The new model is needed because the 
electromagnetiC characteristics of thin films 
of high-critical-temperature superconduc­
tors are more complicated than are those 
of ideal superconductors and of normal 
conductors. In particular, the major simpli-

III 
"0 

tying assumption that the depth of penetra­
tion of the electromagnetic wave is much 
less than the thickness of the film is not 
necessarily valid for a high-critical-temper­
ature superconductor. The additional pene­
tration can result in additional internal im­
pedance and can affect such important 
externally measurable characteristics as 
input and output impedances, speed of 
propagation, electrical length, and attenua­
tion. Even when the small-penetration­
depth assumption is valid, high-tempera­
ture superconductors behave differently 
from ideal superconductors and normal 
superconductors: whereas the surface re­
sistance of a normal conductor is propor­
tional to the square root of the frequency, 
that of a superconductor is approximately 
proportional to the square of the frequency. 

N -5 
en 

o Computed by Model 
+ Measured 

-10 ~ ______________________________ ~~~~ 

1.000 6.000 

Frequency, GHz 

11 .00 

One of the Scattering Parameters (521 , the coefficient of transmission from port 1 to port 
2) of a low-pass filter as a function of frequency was computed by use of the model 
and measured. 

30 

The new model is essentially an applica­
tion of phenomenological loss-equivalence 
apprOXimations to the lDndon twofluid math­
ematical model of superconductivity: 

where a is the total conductivity, the imag­
inary part denotes the contribution of su­
perconducting pairs of electrons, an is the 
normal part of the conductivity (attributed 
to normal electrons), T is the absolute tem­
perature, Tc is the critical temperature, f 
is the frequency, P-o is the magnetic per­
meability of free space, and Ao is the depth 
of penetration of the magnetic and elec­
tric fields into the superconductor at zero 
temperature. This equation for the complex 
conductivity can be used to derive equa­
tions for the real and imaginary compo­
nents of the additional internal impedance, 
the attenuation, the effective wave-slowing 
factor (index of refraction), the corrected 
phase velocity of the waves, and the cor­
rected effective dielectric constant (correc­
tions being with respect to predictions of 
prior circuit theory). 

The new model was tested by applying 
it to a low-pass filter made of yttrium bari­
um copper oxide superconducting thin film 
on a lanthanum aluminate substrate. The 
figure gives an example of the close agree­
ment between the predictions of the model 
and experimental values. 

This work was done by Dimitrios Antsos 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Cir­
cle 80 on the TSP Request Card. 
NPO-18418 
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Solid·State Power Amplifier for 61.5 G Hz 
Smaller, lighter units will replace larger, heavier traveling-wave-tube amplifiers. 

Goddard Space Flight Center, Greenbelt, Maryland 

Input 
1 mW 

Inpu0 
Detector --M 

Bias to all 
IMPATI Diodes 

Output 

5.9 to 6.5 W at 
'60.5 to 62.5 GHz 

Note: G denotes IMPATI diode with module 

This lightweight, Compact 60-GHz Amplifier is a cascade of IMPATT-diode modules. 

Power amplifiers based on impact-ava­
lanche-transit-time (I MPATT) diodes are be­
ing developed for operation in communica­
tion systems at frequencies near 60 GHz. 
These solid-state amplifiers are intended 
to serve as replacements for the bulkier 
and heavier traveling-wave-tube amplifiers 
that, until recently, have been the only 
practical amplifiers available for this fre­
quency range. 

The figure shows the configuration of 
one of the new solid-state amplifiers. The 
amplifier is built in seven modular stages 
of one, two, four, and eight I MPATI diodes. 
Each diode and module can be regarded 
as a one-port active device that amplifies 
and reflects the incoming radio-frequency 
energy. Each of the first three stages con­
tains one IMPATI diode and is optimized 
for high gain. The last four stages use mod­
ules that are optimized for high power at 
lower gain, and the number of modules 
per stage is doubled at each step (imply­
ing a gain of approximately 3 dB per each 
of these stages). 

Power combining in the multiple diode 
stages is performed with a passive com­
biner plate. Power is transferred from stage 
to stage through sections of waveguide 
and isolator/circulator assemblies. The dc 
power is supplied to each IMPATI diode 
by a dedicated bias-regulating circuit. Each 
such circuit is turned on automatically by 
a controlling logic circuit when an input 
radio-frequency power of 1 mW is detect­
ed. At this input power, the amplifier out­
puts 5.9 to 6.5 W at frequencies from 60.5 

NASA Tech Briefs, August 1992 

to 62.5 GHz, representing dc-to-radio-fre­
quency efficiencies of 3.8 to 4.2 percent. 

This work was done by Michael K. 
Powers, James McClymonds, David Vye, 

and Thomas Arthur of Goddard Space 
Flight Center. For further information, Cir­
cle 83 on the TSP Request Card. 
GSC-13465 

We can't 
stress this 
enough. 

Composite tubes and panels from Kaiser 
supply answers for your weight, strength, and 

stiffness critical requirements. Our products provide unmatched 
performance, damage tolerance, and high reliability. 

Whether your project requires flight critical structural or control 
rods up to 500,000 Ibs. load or simple utility tubing, we can support 
your needs.T ubes of elliptical, square, asymmetrical section or round 

shapes are easily made to your speciftcations, at;Id you can find us on 
V-22, F-22, MD-II and A330/340. 

Ask us about closed section panels - hat, blade or T-shape 
stiffened for airframe or satellite use. No matter how tough or 

simple the application, call Kaiser and let us help shape your thinking. 
Call or fax Ron K1oetzli, Marketing Manager, extension 606, 

Kaiser Electroprecision, Composite Products, 17000 South Red Hill 
Avenue, Irvine, CA 92714. Tel: (714) 250-1015, Fax: (714) 250-0468. 

KAISER 
ELECTRDPRECISIDN 
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Electronic Systems 

Balloon-Borne System Would Aim Instrument Toward Sun 
The system would provide initial coarse pointing, then maintain fine pointing. 

Marshall Space Flight Center, Alabama 

A proposed system including a digital 
control computer, control sensors, and 
control actuators would aim a telescope 
or other balloon-borne instrument toward 
the Sun. This would be a general-purpose 
system capable of providing three-axis (azi­
muth, elevation, and roll) or two-axis (azi­
muth and elevation only) pointing for instru­
ments as large as NASA's solar optical 
universal polarimeter, which is about 6 ft. 
(1.8 m) long and 1.5 ft. (0.45 m) in diameter 
and weighs about 400 Ib (about 180 kg). 

The pointing system and the instrument 
to be pointed would be flown aboard a gon­
dola, which would be suspended from a 
balloon by a cable. The pointing system 
would include a reaction wheel , which 
would apply azimuthal control torques to 
the gondola. A torque motor would apply 
additional low-frequency azimuthal torques 
between the gondola and the cable to 
keep the reaction wheel from saturating. 

Three silicon solar cells mounted on the 
gondola 1200 apart in azimuth would guide 
the azimuthal slew of the gondola in the 
initial acquisition of the view of the Sun. 
An elevation-gimbal assembly equipped 
with a torque motor, tachometer, and angle 
resolver would be mounted on the gon­
dola. If only the azimuth and elevation 
were to be controlled, then the instrument 

Commanded Rate of 
Azimuthal Rotation, 
Positive or Negative 

Depending on Outputs 
of Silicon Solar Cells 

+ 

could be mounted on an interface struc­
ture on this elevation-gimbal assembly. If 
roll were also to be controlled, then the 
instrument and interface structure would 
be mounted on a cross-elevation-gimbal 
assembly, which WOUld, in turn, be mount­
ed on the elevation-gimbal assembly. Like 
the elevation-gimbal assembly, the cross­
elevation-gimbal assembly would include 
a torque motor, tachometer, and angle 
resolver. 

Three single-axis rate gyroscopes mount­
ed on the interface structure along with 
the instrument would measure the rates 
of yaw (in azimuth), pitch (in elevation), and 
roll. An inclinometer on this structure would 
measure the roll angle. A two-axis Sun sen­
sor mounted on the instrument would 
measure the deviation, in yaw and pitch, 
of the attitude of the instrument from the 
line to the apparent center of the Sun. 

The control computer would preferably 
be readily programmable to adjust control­
law parameters to suit whichever instru­
ment is to be aimed. It would provide three 
modes of operation: (1) the gimbal-com­
mand mode, (2) the Sun-acquisition-slew 
mode, and (3) the Sun-point mode. Initial­
ly, the system would operate in the gimbal­
command mode, in which the instrument 
would be brought to zero roll angle (if roll 

Note: 1. S = Laplace-transform complex frequency. 
2. KI = integral control gain. 
3. Kp = proportional control gain. 

control were used) and to a predetermined 
elevation angle approximately equal to the 
expected elevation angle of the Sun. Then 
the system would pass into the Sun-acqui­
sition-slew mode (see figure), in which the 
gondola would be slewed in azimuth to 
point the instrument approximately toward 
the Sun. 

Once the Sun was in the field of view 
of the Sun sensor on the instrument, the 
system would pass into the Sun-point 
mode. The control law in this mode would 
be divided into two parts: the first part 
would generate commanded azimuth-, ele­
vation-, and roll-acceleration commands; 
these commands would be fed to the 
second part , which would be a steering 
law that would generate the torque com­
mands for the control actuators. 

This work was done by M. E. Polites of 
Marshall Space Flight Center. Further 
information may be found in NASA TP-3013 
[N90-21219], ' ;4 General-Purpose Balloon­
Borne Pointing System for Solar Scientific 
Instruments." 

Copies may be purchased [prepayment 
required] from the National Technical In­
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. Rush 
orders may be placed for an extra fee by 
calling (800) 336-4700. MFS-28519 

a2S2+a1S+aO 

b2S2 + b1S + ao 

---, 

4. IAZ = azimuth moment of inertia. 
5. aO, a1 , a2, bO, b1 , and b2 If OEL(c) S 45°, Switch Up 

are adjustable parameters. If OEL(c»45°, SWitch Down 

The Sun-Acquisition-Slew Mode of the control system would command the azimuthal slewing of the instrument into initial approxi­
mate alignment with the lin~ of sight to the Sun. The coefficients of the second-order transfer function would be chosen to 
assure stability and provide tne required aiming performance for the specific instrument. 
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New GPIB Controllers 
Support 

IEEE-488.2 Standard 
The new IEEE-488.2 standard has made 
it easier than ever to program & control 
GPIB devices. Manufactured by 
National Instruments, these boards 
allow you to control and gather data 
from up to 15 devices with IEEE-488 '---------------' 
interfaces. Our AT GPIS and Micro-Channel controllers support data transfers 
at up to 1 Million sampleS/second. (No re-wrltes! Older software fully supported!) 

t lNST 1000A Standard GPIB Controller with IEEE 488.2 Support .... .................. $395 
t lNST 1004 AT-Bus, 1 MHz Turbo GPIB Controller .......................................... $495 
t lNST 1011 Micro-Channel, 1 MHz Turbo GPIB Controller .............................. . $495 
#IEEE 30·2 2-Meter GPIB Cable (Many styles & lengths avail. - Call for Info!) ...... $59 

For More Information Circle No. 368 

Easyest LX gives you an Inte­
grated set of tools for easy and 
effective implementation of a 
data acquisition and analysis 
system on any IBM-compatible 
PC. Each tool is represented 
by an icon, and the all-in-one 
screen puts everything in view 
for instant access. No other 
package lets you do so much, 
so quickly, so easily. 

• Control NO, D!A, Digital I/O, etc. 
• Analyze time & frequency domains 

• All tools always displayed on screen • Call for free Demo Disk. 

I ASY 200 EASYEST LX Software w!l Free DAS Board Driver ...................... $995" 
" New, lower price NOW IN EFFECT. Save even more with CyberResearch! 

For More Information Circle No. 360 

Berry Fast: 200 KHz Data Acquisition for just $895 

Motion Control Systems make Motor Control Easy 
PC-based motion control may seem like science fiction to many people. 
Here at CyberResearch, it's one of our specialties. It can also cost a lot less 
than you think. Shown here is our CMCS 222A complete motor control 
system, which includes: 

• Technology 80 2-Axis Intelligent Stepping Motor Controller Board with software 
• Oriental Motor High-Torque Stepping Motors, Size 23, 1.8·!Step (Quantity 2) 
. IMS 40V, J.SA Bipolar Chopper Drivers 
• Electrostatics Regulated DC Power Supply 
• Screw Terminal Panel with Cabling 

If you use a standard keyboard with your '--=1",,",'a::---"""'1IIIT 

rack-mount system, you know what a 
nuisance and a hazard it can be. These 
industrial keyboards are designed to fit 
easily into any EIA 19' rack. Rugged and 
reliable, these keyboards are made in the 
U.S.A. by a Swiss electronics company & 
demonstrate classic Swiss craftsmanship. 

• 101-key layout & full-travel construction 
with tactile feel for tOUCh-typing 0 

· #OIX 3010 drawer-mounted !#OIX 6010 '--_.-..... ______ ...J 

(shown) slides out with locking door 

• Occupies only 1 rack space (1 .75· high) 

I OIX 3010 Low-cost, Drawer-Mounted Rack-Mount Keyboard ......................... $295 
f OIX 6010 Slide-out, Rack-Mount Keyboardw!locking drawer ......................... $395 

For More Information Circle No. 

Rugged, Industrial Rack-Mount PC's 



GPS Measurement of Attitude 
Orientations of ships, aircraft, and other objects can be determined with unusual accuracy. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
Signals transmitted by satellites of the 

Global Positioning System (GPS) can be 
used to measure the orientation of a base­
line on a ship, aircraft, or other vehicle or 
platform with unusual accuracy. Combined 
with conventional GPS position and veloci· 
ty data, the GPS orientation data allow 
more precise navigation and mapping and 
can also enhance calculations related to 
the performance and control of the vehi· 
cle or platform. 

Though the details of implementation 
are complicated, the underlying concept 
is simple. Two GPS antennas, each con­
nected to its own receiver, are placed at 
well separated points on the platform (see 
figure). The two GPS receivers then meas­
ure the positions of the ends of the base­
line as functions of time. Conventional 
processing of the outputs of these re­
ceivers yields the platform's position and 
velocity. (Of course, one antenna and re­
ceiver would suffice for this purpose.) In 
addition, the output processor computes 
the vector difference between the two GPS 
positions and uses it to determine the 
orientation of the baseline. 

Two GPS Receivers yield differential measurements of position from which the orientation of 
the baseline between the antennas can be calculated. 

Reliable implementation of the tech­
nique depends on the use of Rogue GPS 
receivers, which provide unusually precise 
GPS pseudorange. A straightforward least­
squares 'algorithm calculates poSition and 
velocity, using as inputs the delay and the 
rate of change of delay for each satellite 
being tracked. The delay data are iono­
sphere-calibrated P-code pseudoranges, 
and the rates of change of delay are com­
puted as differences of the ionosphere­
calibrated carrier phase. As output, the 
algorithm gives the three-dimensional posi­
tion and velocity of the receiver, along with 
the offset and rate of the receiver clock. 
Data from at least four satellites are need­
ed to define a solution. 

The orientation of the baseline is also 

calculated by a least-squares algorithm. 
For this calculation, the primary inputs are 
double-differenced carrier phases, and the 
outputs are the three vector components 
of the baseline. In the absence of other 
information, three double-differenced 
phases (implying four satellites) are re­
quired to specify a solution. 

The technique was tested aboard an air­
craft carrying a synthetic-aperture radar 
(SAR), with a view toward using the GPS 
velocity and orientation data to correct for 
the effect of the attitude of the aircraft on 
SAR measurements of ocean-surface cur­
rents. Such a calibration is necessary 
when there is no land area in the SAR im­
age to use as a zero-velocity reference. In 
this test, the technique was used to deter­
mine the orientation of a baseline between 
two antennas near the top of the fuselage, 
one just behind the cockpit and another 
about 23 m farther back. The two Rogue 
GPS receivers shared a rubidium frequen­
cy standard. They were configured to track 

four satellites simultaneously, computing 
the time-tagged GPS P1 and P2 pseudo­
range and L1 and L2 carrier phase along 
with signal-to-noise ratios. Once per sec­
ond, these values were stored for later 
analysis. The uncertainties in the results 
were approximately 15 m in poSition, 0.015 
m/s in velocity, 0.012° in azimuth, and 
0.038° in pitch. 

This work was done by S. J. DiNardo, 
E. L. Hushbeck, T. K. Meehan, T. N. 
Munson, G. H. Purcell, J. M. Srinivasan, 
L. E. Young, and T. P. Yunck of Caltech for 
NASA's Jet Propulsion Laboratory. For 
further information, Circle 10 on the TSP 
Request Card. 

This invention is owned by NASA, and 
a patent application has been filed. Inquir­
ies concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent 
Counsel, NASA Resident Office-JPL [see 
page 20]. Refer to NPO-17937. 

Transmission of Power Via Combined Laser Beams 
The combined beams would be suitable for transmission of power in outer space. 

Langley Research Center, Hampton, Virginia 
Lasers of high average power are now 

being considered for use as efficient means 
of transferring power from the Earth to sat­
ellites and between satellites. Of the various 
types of laser configurations, the laser· 
diode array (LOA) appears to be the most 
efficient in terms of mass and size. A study 
has been conducted on the far-field beam 
pattern and the power-collection efficien­
cy of a multistage LOA amplifier conSisting 
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of about 200,000 5-W LOA amplifiers with 
random distributions of phase and orien­
tation errors and random failures of diodes. 
Preliminary results indicate that such a 
system could be used to transmit power 
on laser beams in outer space. 

To form a large-scale-array amplifier 
(LSAA), the element LOA's must generate 
well-defined diffraction-limited beams. Co­
herent matching of phases among the ele-

ment LOA's is also critically important, en­
abling an LSAA system to generate a good 
beam pattern in the far field over thou­
sands of kilometers. By passing a beam 
of high spectral and spatial quality from 
a master laser through a number of LOA 
amplifiers simultaneously, one can realize 
coherence among the amplified output 
beams. 

The power in the far field of a beam dif-
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One Megawatt of Power would be gener­
ated by use of 200,000 5W LDA amplifiers. 

fracted by a circular aperture is larger than 
that of the same beam diffracted by a 
square aperture of the same width. There­
fore, to provide a conservative analysis, the 
overall shape of the LSM is assumed to 
be circular. The elements of the LSM are 
LOA amplifiers stacked inside the LSM 
frame as shown in the figure, where hori­
zontal and vertical widths after collimation 
are Sx and Sy' respectively. The amplifiers 
are assumed to generate diffraction-limited 
coherent collimated beams. Therefore, the 
full wicth at half maximum (FWHM) diffrac­
tion angle of the beam from the element 
LDA is typically about 0.16 mrad for a wave­
length of O.B p.m and Sx "" Sy "" 1 cm. 

In the calculation of the far-field beam 
patterns and the power-collection efficien­
cies of the LSM, the probable random 
phase errors and random failures of the 
individual amplifiers were taken into ac­
count. The power-collection efficiency is 
dependent on the size of the receiving 
aperture and on the pointing (that is, aim­
ing) accuracy over a long distance. The 
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best pointing accuracy to date has been 
shown to be 0.1 p.rad, or about 50 cm at 
a transmission range of 5,000 km. 

Preliminary calculations show that the 
LSM could be used for the transmission 
of power in outer space with power-col­
lection efficiency of approximately BO per­
cent into a receiver of moderate size (about 
3 m in diameter) at a distance of 5,000 km. 
This approach could also offer the possi-

bility of transmission of data at high rates 
by line-of-sight means rather than by fiber 
optics, while still offering the efficiency, 
compactness, and reliability of semicon­
ductor lasers. 

This work was done by Jin H. Kwon of 
Miami University and Ja H. Lee of Langley 
Research Center. For further information, 
Circle 145 on the TSP Request Card. 
LAR-14389 

Computer Jet-Engine-Monitoring System 
Artificial intelligence disti lls and presents data on operation of engines. 

Ames Research Center, Moffett Field, California 

A computer-based monitoring system 
is intended to distill and display data on 
the conditions of operation of the two tur­
bofan engines of an F-1B. The system, 
called the " Intelligent Computer Assistant 
for Engine Monitoring" (ICAEM) is in a pre­
liminary state of development. The goals 
of the development project are to enhance 
safety of flight and to relieve propulsion 
engineers of the time-consuming but nec­
essary task of monitoring propulsion sys­
tems in flight. 

The ICAEM is designed to operate as 
an "expert aid" to an engineer, even an 
engineer who has little or no experience 
in monitoring propulsion systems. As telem-
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etry data are received from the ai rplane, 
the ICAEM processes the mass of data in­
to summary information on the status of 
the propulsion system and presents the in­
formation on a Single video display at a 
computer workstation (see figure). The en­
gineer can choose among a number of 
color graphical and textual displays to 
monitor the statuses of the left and right 
engines, instantaneous individual parame­
ters (e.g., oil pressures or speeds of rota­
tion), and/or histories of parameters (e.g., 
strip-chart displays). When a particular 
combination of parameters indicates an 
anomaly (e.g., stall), the ICAEM indicates 
the anomaly along with the recommend-

ed procedure (if any) to recover (e.g., to 
restart the engine). 

The major part of the overall function 
of the ICAEM is effected by a computer 
program that acts as an interface between 
the incoming telemetry data and an ex­
pert-system computer program that codi­
fies some of the expertise of propulsion­
system engineers. Once given data, the 
expert system decides whether there ex­
ists an anomaly or other condition that the 
engineer needs to know. If so, that infor­
mation is sent to another program that 
displays the necessary information to the 
engineer 

When telemetry data are received, the 
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The Developmental ICAEM System reduces the burden on the propulsion engineer by 
providing a single display of summary information on the statuses of the engines and by alerting 
the engineer to anomalous conditions . In contrast, effective use of the prior engine'monitoring 
system requires continuous attention to multiple displays. 

Propulsion 
Engineer 

main program asserts a fact into a fact made to start the engine and the speed 
base in the expert-system program. Once of rotation remains less than a specified 
enough facts are generated to match the allowable minimum during a specified 

be found in NASA TM-101702[N90-22322], 
"Preliminary Development of an Intelligent 
Computer Assistant for Engine Monitoring." 

conditions of a rule, the rule is "fired." The time. In that case, the ICAEM processes 
system must be able to identify a Single- the speed and time parameters into an in-
parameter anomaly (e.g., oil pressure too dication of a "potential hung start." 
high) or an anomaly of the system that This work was done by James D. 
manifests itself via multiple parameters. Disbrow of PRC Systems, Inc., and Eugene 
As an example of the second type of L. Duke and Ronald J. Ray of Ames Re· 
anomaly, suppose that an attempt is being search Center. Further information may 

Copies may be purchased [prepayment 
required] from the National Technical In­
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. Rush 
orders may be placed for an extra fee by 
calling (800) 336-4700. 
ARC-12776 
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Using Spectral Edge To Measure Doppler Shift 
Frequency is inferred from relative amplitudes of the signal with and without filtering . 

Goddard Space Flight Center, Greenbelt, Maryland 
Pulsed-laser ranging systems of a new 

type implement a spectral-edge technique 
to make high-resolution measurements of 
the Doppler frequency shift in signals back­
scattered from targets. These systems are 
intended for use in measuring the veloci ­
ties of both moving solid targets and diffuse 
moving targets like wind (via backscatter 
from aerosol particles and/or molecules), 
clouds, aerosols, or rain . Potential practical 
applications include measurements of wind 
shear from observation points at airports 
and aboard aircraft. 

In deSigning a system of this type, one 
chooses a pulsed laser that emits at an 
ultraviolet , visible, or infrared wavelength 
suitable for generation of the desired hard­
target or atmospheric backscatter. In con­
junction with the laser, one selects or de­
signs an optical filter (the "edge" filter) that 
has a sharp spectral transmission func­
tion such that the middle frequency of the 
laser emission lies on a steep portion of 
the slope (the ' 'edge' ') on one side of the 
peak (see Figure 1). 

Figure 2 helps to show how the lidar 
system uses the spectral properties of the 
laser and filter to measure the Doppler 
shift of the backscatter. A small fraction 
of the energy of each outgoing laser pulse 
is picked off by beam splitter 1, attenuated 
to about the level of the backscatter, and 
passed through an optical train to be sam­
pled by a photodetector (called the "energy­
monitor" photodetector). Part of the attenu­
ated, picked-off fraction of the outgoing 
beam is also passed through the edge 
filter to a similar photodetector called the 
"edge-filter" photodetector. The backscat­
ter signal is received by a telescope and 
sampled in the same manner as that of the 
picked-off, attenuated outgoing pu lse. The 
outgoing-pulse and backscatter measure­
ments are range-gated and digitized. The 
digitized values are then converted into 
normalized signal levels - ratios between 
the edge-filtered and energy monitor sam­
ples of the outgoing-pulse and backscatter 
signals. By use of the difference between 
the ratio of the backscatter samples and 
the ratio of the outgoing-pulse samples, 
the known edge-filter spectrum, and the 
spectrum of the laser emission, a proces­
sor computes the difference between the 
middle frequencies of the backscattered 
and outgoing pulses - that is, the Dop­
pler shift. 

A typical system of this type offers sever­
al advantages in comparison with prior 
Doppler lidar systems. It is not necessary 
to use diffraction-limited optics. It is not 
necessary to use a narrow-band laser; one 
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can even use a laser that emits fight in a 
spectral band 100 or more times as wide 
as the desired accuracy of the frequency 
measurement. The use of a differential-fre­
quency-measurement technique with nor­
malization anew on each pulse renders the 
measurement insensitive to jitter and drift 
in the laser frequency and in the spectral 
characteristics of the laser, provided that 
the laser width is narrow relative to the 
width of the edge filter and that the laser 
remains on the edge; that is, at or near 
the desi red value about halfway down the 
peak of the filter spectrum. The signal nor­
malization renders the measurement in­
sensitive to variations in the amplitude of 
the outgoing and backscattered signals. 
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Furthermore, the spectral-edge technique 
enables the system to measure a small 
average Doppler shift caused by wind, 
even in the presence of much greater Dop­
pler broadening caused by thermal mo­
tions of molecules. 

This work was done by Lawrence Korb 
of Goddard Space Flight Center. For fur­
ther information, Circle 23 on the TSP Re­
quest Card. 

This invention is owned by NASA, and 
a patent application has been filed. In­
quiries concerning nonexclusive or ex­
clusive license for its commercial develop­
ment should be addressed to the Patent 
Counsel, Goddard Space Flight Center 
[see page 20). Refer to GSC-13343. 
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Books and Reports 
These reports, studies, handbooks are avail­
able from NASA as Technical Support Pack­
ages (TSP's) when a Request Card number 
is cited; otherwise they are available from the 
National Technical Information Service. 

Effects of Phase Jitter on 
Lock Detection in QPSK 
Analyses are performed for 
three QPSK tracking loops. 

A report presents a study of the perform­
ances of digital carrier-signal-tracking 
loops used in the reception of radio signals 
that contain quadrature-phase-shift-keyed 
(QPSK) modulation representing binary 
non-return-to-zero data. One of the impor­
tant monitoring functions of a QPSK re­
ceiver - one that is necessary for auto­
mated operation - is the detection of lock 
on the carrier signal ("lock detection," for 
short). This study differs from prior studies 
(which involved the assumption of perfect 
carrier tracking) in that it includes the de­
grading effects of jitter in the phase of the 
carrier signal upon lock detection. 

In most applications, it is val id to as­
sume perfect carrier tracking as long as 
the loop signal-to-noise ratio (SNR) is suf­
ficiently high or the period of estimation 
is sufficiently long. Under either condition, 
the degrading effect of phase jitter is not 
an issue; but where the loop SNR is low 
(because the received Signal is weak) and 
the period of estimation has to be limited 
(to satisfy requirements upon the monitor­
ing system), the degradation caused by 
phase jitter becomes significant and must 
be included in the calculations to predict 
performance accurately. 

The report presents mathematical mod­
els of the received signal and of the nOise, 
which is assumed to be white Gaussian. 
It describes the lock-detector algorithm 
and presents equations that characterize 
the lock-detection performance. Equations 
for the probabilities of lock detection and 
false indication of lock are derived. The 
degrading effect of phase jitter is then ex­
pressed as the ratio between the detec­
tor SNR in the presence of phase jitter and 
the detector SNR in the absence of phase 
jitter (or equivalently, assuming infinite 
SNR in the carrier-tracking loop). 

The equations thus derived are applied 
in analyses of three QPSK carrier-tracking 
loops: the Costas crossover loop, the max­
imum a posteriori estimation loop, and the 
generalized Costas loop. The results of 
computer simulations are presented and 
found to agree substantially with the equa­
tions. Both the equations and the simula­
tions are used to show that phase jitter can 
reduce the detector SNR by as much as 
2 dB, especially when the loop SNR is low 
and the period of estimation is short. 
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This work was done by Alexander Mileant and Sami M. 
Hinediof Ca/tech forNASA'sJet Propulsion Laboratory. To 
obtain a copy of the report, "On the Effects of Phase Jitter in 
QPSK Lock Detection, " Circle 87 on the TSP Request Card. 
NPO-18208 

Detection and Avoidance of 
Obstacles by Helicopters 

Concepts of sensing and control are discussed . 
A report discusses the general probems relevant to the 

design of control subsystems that wou ld enable helicopters 
on nap-of-the-Earth fl ight paths to detect and avoid ob­
stacles automatically. For the purpose of th is study, it is 
assumed that a guidance or navigation subsystem has 
provided a nominal trajectory for a short distance ahead. 
Using information on obstacles provided in real time by the 
obstacle-detection subsystem, the obstacle-avoidance sub­
system wou ld adjust the flightpath about the nominal trajec­
tory to obtain a safe trajectory . 

The main text begins with an introduction that describes 
the helicopter obstacle-avoidance problem , indicating the 
similarities and differences between this problem and the 
obstacle-avoidance problem of industrial mobile robots . 
One notable simi larity is that the domain of action is predomi­
nantly two-d imensional in the sense that nap-of-the-Earth 
flight is predominantly ground-hugging with lateral maneu­
vers , as are the movements of a mobile robot around the 
floor of a factory or laboratory. A previous paper on the 
helicopter obstacle-avoidance problem restricted the con­
cept to the two-dimensional framework , and one of the 
considerations in the present study is how to extend the 
concept to the full three dimensions. 

The problem is discussed under two different assumed 
circumstances. The first circumstance is that a full range 
map is available , regardless of whether the map data are 
collected from a passive or an active sensor. Two different 
approaches are proposed to extend the previous two-dimen­
sional obstacle-avoidance concept to three dimensions, 
exploiting the predominantly lateral-maneuvering charac­
teristics of nap-of-the-Earth fl ight. The first approach in­
volves a direct search of the three-dimensional range-map 
data for indications of open ings between obstacles.The 
second approach involves compression of the three-dimen­
sional data into a two-dimensional map for a two-dimen­
sional path search. Both approaches remain to be tested in 
realistic simulations. 

The second circumstance is that a passive sensor, which 
is the preferred primary sensor, provides only a sparse 
range map. In th is case, an integrated approach is proposed 
to augment the passive sensor with an active sensor, which 
would be driven by the obstacle-avoidance subsystem to 
probe the environment selectively for supplemental range 
data. This approach raises the issue of the fusion of data, 
and two data-base formats are proposed to provide the 
uniformity requ ired for this purpose . Both formats involve 
quantization of the horizontal components of range. One 
also involves quantization of the vertical component, en­
abling the representation of overhanging objects, at the cost 
of additional memory and, potentially, additional computa­
tion . 

This work was done by Victor H. L. Cheng and Banavar 
Sridhar of Ames Research Center. To obtain a copy of the 
report. "Integration of Active and Passive Sensors for 
Obstacle Avoidance," Circle 37 on the TSP Request Card. 
ARC-12825 
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Measuring Hydrogen Plumes With Raman Lidar 
Concentrations below the lower limit for flammability can be measured. 

John F. Kennedy Space Center, Florida 

A prototype Raman lidar system meas­
ures the concentration of hydrogen gas in 
the atmosphere as a function of position, 
with a range resolution of 3 ft (about 0.9 
m) over a range of 3,000 ft (about 0.9 km). 
It is sensitive to concentrations smaller 
than 0.5 percent, which is 10 times below 
the minimum flammable concentration. 
The system is being developed for use as 
a safety monitor and to study the disper­
sion of hydrogen gas that leaks into the 
atmosphere. 

Prior Raman lidar systems have been 
developed to detect methane and light hy­
drocarbons in refineries. The basic principle 
of operation is straightforward (see figure): 
A pulsed ultraviolet laser beam is directed 
through beam-shaping and beam-steering 
optics along the desired line of sight into 
the atmosphere. The beam excites Raman 
emissions from the molecules to be detect­
ed (in this case, hydrogen and nitrogen). The 
backscattered light is collected by the tele­
scope, band-pass-filtered at the appropri­
ate hydrogen and nitrogen Raman wave­
lengths, and sent to photodetectors. 

The outputs of the hydrogen-wavelength 
and nitrogen-wavelength channels are dig­
itized and range-gated according to the 
round-trip pulse-travel times. For each 
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The Scanning Lidar System measures the space-resolved concentration of hydrogen 
in the atmosphere via Raman backscatter from a pulsed laser beam. 

range, the relative concentration of hydro­
gen is computed from the ratio between 
the hydrogen- and nitrogen-backscatter 
signals. The concentration and range data 
can be correlated with scan-angle data to 
obtain a color graphic display of concen­
tration as a function of position in three 
dimensions. 

The principal sources of error in the proto­
type system are liquid water (rain or spray) 
and sunlight. Another Raman lidar chan-

nel could be added to measure the water 
content and use it to correct the hydrogen 
content. The effect of sunlight can be total­
ly eliminated through the use of a special 
dielectric coating on the telescope mirrors, 
which serve as sunfilters. 

This work was done by Bernard Caputo 
of Computer Genetics Corp. for Kennedy 
Space Center: For further information, 
Circle 63 on the TSP Request Card. 
KSC-11459 

Improved Raman-Emission Detector 
Sensitivity is increased by several novel design features. 

John F. Kennedy Space Center, Florida 

The figure illustrates an improved appa­
ratus that excites and detects Raman emis­
sions (optical emissions from rotationally 
and vibrationally excited molecules) in a 
sample gas mixture. The emissions at the 
known Raman wavelength of a given molec­
ular species are used to measure the con­
centration of that species in the mixture. This 
apparatus features several changes in de­
sign that result in sensitivity greater than that 
of a prior Raman-emission detector: most 
notably, increasing the collection of Raman 
emissions by use of a paraboloidal reflec­
tor and collecting lens coaxial with the il­
luminating beam instead of a spherical re­
flector and condensing lens on an optical 
axis perpendicular to the illuminating beam. 

An argon-ion laser beam is used to ex­
cite the molecules of the sample gas. The 
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beam enters the apparatus through a win­
dow and is directed to bounce back and 
forth between two concave mirrors. These 
mirrors are configured so that the multiply 
reflected beam converges to a waist at and 
near the focal point of the paraboloidal re­
flector. Thus, the Raman emission comes 
predominantly from the narrow waist region 
and is, therefore, collimated by the parabo­
loidal reflector. The collimated light is passed 
through a lOW-pass filter, which reduces 
noise by suppressing both scattered light at 
the original laser frequency and undesired 
ultraviolet fluorescence excited by the laser 
beam. The collimated light is then sent 
through a band·pass filter to select only light 
of the desired Raman wavelength. The fil­
tered light is then focused by the collecting 
lens onto a photomultiplier tube. 

The volume partially enclosed by the 
paraboloidal reflector and the low-pass filter 
constitutes the sample chamber. The sam­
ple gas flows through this chamber from an 
inlet to an outlet and then to a suction pump. 
This flow continually purges the chamber. 
The gas mixture is made to flow through a 
venturi tube at the outlet to generate addi­
tional suction, which is used to reduce the 
pressure in the cavity shown in the figure 
to the right of the sample chamber. A set 
of vanes at the inlet diverts the flow in such 
a way as to reduce the time needed to flush 
out any previous sample gas and stabilize 
the composition of the present sample gas 
in the chamber. 

This work was done by Gary N. McKinney 
of Lockheed Space Operations Co. for Ken­
nedy Space Center. For further informa-
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This Raman·Emission Detector features an improved Raman·light·collection scheme that increases sensitivity and an improved 
flow geometry that reduces stabilization time. 

tion, Circle 66 on the TSP Request Card. mercial use of this invention should be ad· 
dressed to the Patent Counsel, Kennedy 

Space Center [see page 2Oj. Refer to 
KSC·11521. 
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MAGTROL AUTORANGING 
POWER ANALYZER 

Displays simultaneous Amps/ Volts/ Watts with 
power factor, Integrating capability and built-In 

IEEE-488 computer Interface. 
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• MODEL 46148, 31/>, DC-2.SKHz, to 100A 
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proof selection . Plus many additional performance features. 
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Acousto-Opticallmaging Spectropolarimeter 
This robust instrument takes polarization-specific images of solid surfaces and atmospheric sources. 

Goddard Space Flight Center, Greenbelt, Maryland 

The figure is a schematic diagram of 
an imaging spectropolarimeter designed 
around an acousto-optical tunable filter 
(AOTF). This is a robust instrument designed 
for use on the ground and aboard aircraft. 
It takes polarization·specific spectral images 
of terrestrial and nonterrestrial sources, in· 
cluding solid surfaces, aerosols, and abo 
sorption and emission phenomena in the 
gas phase, at wavelengths from 500 to 
1,000 nm. 

A tunable solid-state filter operates on 
the principle of acousto-optical diffraction 
in a birefringent medium. The spatial period 
of the diffraction grating in the medium is 
the wavelength of a radio-frequency acous­
tic excitation introduced into the medium 
via a transducer. The spectral passband 
of the filter can be tuned rapidly by chang­
ing the frequency of the acoustic excitation. 

From the perspective of designing an 
imaging spectropolarimeter, an acousto­
optical tunable filter offers multiple advan­
tages over more conventional optical filters 
that are made adjustable or selectable by 
mounting them in filter wheels. These ad­
vantages include higher spectral resolving 
power, highly specific selection of polariza­
tion, larger optical aperture, all-solid-state 
operation (no sliding or rotating parts), and 
faster tunability. 

The tunable acousto-optical filter in the 
GSFC imaging spectropolarimeter is made 
of Te02, a birefringent material that has 
desirable acousto-optical properties, in· 
cluding a relatively high figure of merit, 
which provides high throughput and spec­
tral resolving power. The filter is said to be 
noncollinear, meaning that the acoustical 
and optical Signals do not propagate col-

linearly everywhere within the Te02 medi· 
um; noncollinearity offers some flexibility 
in design. The instrument includes an all­
reflective optical relay assembly that in­
cludes a single ellipsoidal mirror. The com­
bination of the filter and relay optics forms 
side-by-side, orthogonally polarized spec­
tral images on a charge-coupled-device 
camera. The spectral coverage of the in­
strument is limited by the spectral response 
of the charge-coupled device and the fre­
quency limitations of the radio-frequency 
matching network at the transducer. 

This work was done by Babak Saif, 
David Glenar, Robert Zimmerman, and 
Bernard Seery of Goddard Space Flight 
Center. For further information, Circle 29 
on the TSP Request Card. 
GSC-13461 
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The Acousto- opticallmaging Spectropolarimeter produces side·by·side spectral images in two mutually perpendicular polarizations, 
one corresponding to the ordinary ("0 00

), the other corresponding to the extraordinary (HEOO) waves in the acousto-optical material. 
This instrument offers a relatively large aperture, high resolving power, and rapid tunability, with no moving parts. 
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Monitoring Polymer Curing Via Electromagnetic Impedance 
Continuous frequency-dependent measurement and analysis are performed during the curing cycle. 

Lang/ey Research Center, Hampton, Virginia 

A new nondestructive in·situ electro­
magnetic'impedance measurement tech· 
nique has been developed, as both are· 
search and production tool, for sensing the 
cure-processing properties of high·tem· 
perature, high·performance thermoset and 
thermoplastic resins. Frequency·depen· 
dent impedance measurements are of par· 

ticular importance in assuring the quality 
of a polymer resin and controlling the resin­
curing processes. This type of technique 
is one of only a few instrumental tech­
niques available for monitoring and meas­
uring the molecular properties of a poly­
meric resin in both the liquid and solid 
states. This technique is advantageous in 

""--" 

Step Up to Algor 
More than 6,000 engineers In 50 states and over 60 countries 
have stepped up to Algor, the most advanced finite element 
analysis and design software money can buy. All FEA models 
on this page were designed, analyzed and visualized on a PC 
with Algor software. The largest contains more than 24,000 
nodes and 13,000 elements. Other Algor analysis packages 
Include buckling, nonlinear gap/cable. specialized vibration, 
composite elements. kinematics/dynamics, piping and more. 

'"------------ Algor, a PC and You ... The Total DesignlEngineering Team 

Notes: 3861486 P~ces, shown in U.S. $, 
may change at any time. 38&'486 
software uses extended memory. Weitek 
coprocessor and selected Unlx workstation 
versions available. Algor software Is sub­
jected to nuclear power Industry 
Quality Assurance standards. 

Algor, the world's leading design/analysis software for PCs. Is 
specifically designed to fully exploit their increasing level of 
power. Tight bridges to CAD/CAM and other software create a 
seamless fit into your environment. Algor design software 
provides parametric design and results visualization tools (see 
actual screen photographs on this page) that are worthy of 
your expertise and creativity. And the engineering is built In. 

Typical Algor Engineering Software Packages Price 

A Linear Stress Analysis with ViziCad Plus $1500 

B Stress, Vibration and Mode Shape Analysis with ViziCad Plus $2100 

C Fluid Flow Analysis with ViziCad Plus $1100 

D Heat Transfer Analysis with ViziCad Plus $1800 

E Accupak-3-D Nonlinear Stress & Vibration $2500 

F iconnex V EAGLE, Concurrent Engineering & Design Optimization $2300 

G Electrostatic Analysis with ViziCad Plus $1600 

H Interactive Demonstrationrrutorials - 519 to 549 

Finite Element Analysis I Heat Transfer Fluid Flow 

Electrostatic I Pipe Plus Free 36-Page Product Guide 

Your current PC has more computing +RLGDR. power than your last one. Your next 
I PC will have even more. Algor 

scftware is constantly updated to take 150 Beta Drive 

advantage of the power of new PCs. Pittsburgh, PA 15238-2932 USA 
412-967-2700 Fax: 412-967-2781 

GSA Contract # GS 00 K 89 AGS 6270 PS01 In California: 714-564-2541 

For More Information Circle No. 449 
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its ability to study the curing process in 
both laboratory and production settings, 
and it can be used to examine properties 
continuously as the resin transforms from 
a monomeric liquid of varying viscosity to 
a cross-linked insoluble, high-temperature 
solid. 

The technique emphasizes continuous 
frequency-dependent measurement and 
analYSis throughout the cure cycle. The 
instrumentation can measure the complex 
permittivity, an intrinsic polymer property, 
over nine orders of magnitude (10-3 to 
106) and six decades of frequency (Hz to 
MHz) at temperatures up to 400°C. The 
Hz·to-MHz frequency range is advanta­
geous as it senses both ionic and dipolar 
diffusion processes and minimizes elec­
trode-polarization problems. The frequen­
cy dependence of the complex permittivi­
ty is used to monitor both ionic and Debye­
like dipolar relaxation processes, which in 
turn serve as molecular probes of the 
chemical and physical changes occurring 
during cure. Molecular parameters that de­
scribe the ionic and dipolar diffusion proc­
esses are used to monitor and measure 
quantitatively such properties as viscosi­
ty, degree of cure, glass-transition temper­
ature, softening, melting, recrystallization, 
and solvent content. Moisture contents in 
thermosets and thermoplastics can be 
measured, and changes due to heating or 
long-term exposure can be monitored. 

This new technique uses a commercial­
ly licensed single passive laminar sensor, 
which is designed to prevent the exposure 
of any electronics to the hostile sensing 
environment and which Is compatible with 
most commercially available impedance 
bridges. Measurements are made on com­
poSite prepregs, on thin films, in adhesive 
bond lines, and on thick laminates at vari­
ous positions. Applications include use as 
a nondestructive means for the evaluation 
of materials, for determination of the "win­
dow" boundaries of the curing cycles of 
newly developed thermoplastics and ther­
moset resins, and for online, closed-loop 
control of curing cycles. 

This work was done by William T. 
Freeman and John C. Covington of Lang· 
ley Research Center and David E. 
Kranbuehl, Melanie Hoff, and Susan Delos 
of the College of William and Mary. No fur­
ther documentation is available. 
LAR-13802 
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Books and Reports 
These reports, studies, handbooks are avail­
able from NASA as Technical Support Pack­
ages (TSP's) when a Request Card number 
is cited; otherwise they are available from the 
National Technical Information Service. 

Physical Models in 
GPSOMC Software 
Contributions to range 
and phase observables 
and the partial derivatives 
thereof are described. 

A report describes the physical models 
incorporated into GPSOMC, the modeling 
module of the GIPSY software, which proc­
esses geodetic measurements in the 
Global Positioning Satellite (GPS) system. 
This report is a corrected, expanded, and 
updated version of JPL Publication 87-21 , 
which was dated September 15, 1987. 

A detailed explanation of the special 
meanings of "observables" and variants 
thereof in the special context of the report 
is essential to a description of the report. 
In the GPS system, distances (called 
" ranges") from GPS satellites are meas­
ured on the basis of detected phases of 
electromagnetic signals. In a given in­
stance, the " phYSical observable" is the 
difference between the reference phase 
of the transmitter at the instant of emis­
sion and the reference phase of the re­
ceiver at the instant of reception . An "ob­
served observable" is one that is related 
in a prescribed way to the phYSically de­
tected phase. A "computed observable," 
closely related to a physical observable, 
is one that is defined in terms of differ­
ences between clocks, e.g., the difference 
between the reference phase defined, in 
turn , by the station clock at the receiver 
and the reference phase defined, in turn, 
by the clock in the orbiting transmitter. 

In interpreting measurements of range 
from GPS satellites, the observables are 
passed through a multiparameter estima­
tion routine (" filter " ) to estimate the 
parameters of models. These models de­
scribe the spacecraft orbits and the mo­
tions of the receivers fixed to the Earth. 
The model also supplies, to the filter, a­
priori values of computed observables and 
the partial derivatives of the computed 
observables with respect to the param­
eters of the models. The report describes 
the portion of the software that models the 
locations of the receivers and the motions 
of the whole Earth and computes the ob­
servables and partial derivatives. 

The major components of the models 
are discussed in sections 2 through 5 of 
the report. Section 2 defines the coor­
dinate frame for the model and establishes 
methods for calculating the position of the 
receiver in that frame by use of the best 
current models of the motions of the whole 
Earth and of local tidal deformations. Sec-
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tion 3 defines the observables and the in­
timately associated models of the be­
haviors of the clocks in GPS satellites and 
receiving ground stations. Section 4 pre­
sents the model used to describe the 
passage of GPS signals through the 
troposphere. All the partial derivatives of 
observables with respect to parameters of 
the models are given in section 5. Values 
of the physical constants used in the 
GPSOMC software and a complete list of 
the parameters available for adjustment 
are given in the appendixes. 

This work was done by Ojars J. Sovers 
and James S. Border of Ca/tech for 
NASA's Jet Propulsion Laboratory. To 
obtain a copy of the report, "Observation 
Mode/ and Parameter Partials for the JPL 
Geodetic GPS Modeling Software 
GPSOMC," Circle 71 on the TSP Request 
Card. NPO-18241 

Soot·Free Combustion of 
Methane and LNG 
No soot builds up when 
these fuels are burned 
with liquid oxygen. 

Experiments have shown that neither 
methane nor liquefied natural gas (LNG) 
produces soot when burned in a turbine 
simulator with liquid oxygen under condi­
tions like those in the gas-generator sec­
tion of a rocket engine. The experiments 

were conducted to determine whether 
these fuels behave similarly to some 
other hydrocarbon fuels, which give off 
soot that coats turbomachinery and 
reduces performance. 

The fuels were burned at various com­
binations of fuel/oxygen-mixture ratio, 
chamber pressure, and rate of flow. LNG 
(about 92 percent of which was methane) 
was tested at mixture ratios from 0.24 to 
0.58, chamber pressures from 840 to 

. 1,370 psia (5.8 to 9.4 MPa), and a total­
mass-flow rate of about 1.5Ib/s (about 0.7 
kg/s) with a fine-pattern triplet injector to 
examine the effect of low-purity methane 
on the deposition of carbon. Seven tests 
were made, each lasting 200 s. No ap­
preciable buildup of carbon was found in 
the small-scale turbine simulator. 

Pure methane was tested at mixture 
ratios from 0.23 to 0.81 , chamber pres­
sures from 925 to 2,210 psia (6.4 to 15.2 
MPa) and a total-mass-flow rate of about 
14 Ib/s (about 6.4 kg/s). To examine the ef­
fect of injection densities of methane 
representative of those of a full-scale en­
gine, a coarse-pattern triplet injector was 
used. As in the nine tests of LNG, no ap­
preciable buildup of carbon was detected. 

This work was done by John Bossard 
of Aerojet TechSystems for Marshall 
Space Flight Center. To obtain a copy of 
the report, "Soot Free Operation of LDX­
Methane Gas Generators," Circle 124 on 
the TSP Request card. MFS-28561 

For More Information Circle No. 435 45 



111'i 
I I j' 

Materials 
I t' I 

Nearly Azeotropic ,tures To Replace Refrigerant 12 
These mixtures would cause l~s1 damage to the ozone layer of the atmosphere. 

NASA's Jet Propulsion Laboratpr: Pasadena, California 
Measurements have Indicated that a' In addition to R1 34a, R152a also has no Laboratory. For further information, Cir-

number of nearly azeotropic fluid mixtures ' I ozone-depletion potential. R124 and R142b cle 122 on the TSP Request Card. 
have saturation pressures similar to that both have ozone-depletion potentials that In accordance with Public Law 96-517, 
of Refrigerant 12 (RI 2, dichlorodifluoro-l are less than 5 percent of that of R12. Thus the contractor has elected to retain title 
methane, CCI

2
F2) while being about 2% ' all five of the mixtures of the table have to this invention. Inquiries concerning 

as damaging as R12 is to the ozone layer! ozone-depletion potentials about 2% that rights for its commercial use should be ad-
in the atmosphere. Moreover, these mix- of R12. The five mixtures are nonflamma- dressed to 
tures are of low toxicity, are nonflammable,; ble, although R152a and R142b by them- Edward Ansell 
and are more compatible with convention-\ ( ·selves are flammable. Because R1 24 and Director of Patents and Licensing 
allubricating oils than is Refrigerant 134a! ! R142b both contain chlorine, they are ex- Mail Stop 305-6 
(RI34a, 1,1,1 ,2-tetrafluoroethane, CH2FCF 3;' ; pected to dissolve oil more effectively than California Institute of Technology 
boiling temperature -27.89 0c), which is, R134a does; the addition of them to R134a 1201 East California Boulevard 
now the leading replacement for R12. The, I is therefore expected to help R134a dis- Pasadena, CA 91125 
mixtures may be usable in commercial : solve conventional lubricating oils. Refer to NPO-18030. volume and number 
automotive, and household refrigerators and I This work was done by Jack A. Jones of this NASA Tech Briefs issue, and the 
air conditioners. of Caitech for NASA's Jet Propulsion page number. 

R1 2, now used in many refrigerators and 
air conditioners , is known to leak from, , 
these machines and ascend into the up~ 

per atmosphere, where it damages the I 

ozone layer. One of the proposed replace .. 
ments, R134a, does not damage the ozone 
layer because it contains no chlorine. But 
because of its lack of chlorine, conven- I 
tional lubricating oils do not dissolve as 
well in it, and consequently compressors ' 
are likely to fail prematurely through non­
lubricated wear. Dupont has recently pat­
ented an Oil-compatible ternary mixture of 
R22 (chlorodifluoromethane, CHCIF2; boil- , 
ing temperature -40.76 0c), R152a (1 ,1-di­
fluoroethane, CHF2CH 3; boiling tempera­
ture - 25.00 0c), and R124 (2-chloro-1 ,1,1 ,2-
tetrafluoroethane, CHCIFCF3; boiling tem­
perature -12.00 0c). Because the boil ing 
temperatures of these three fluids differ sig­
nificantly, and because the mixture of them 
is not azeotropic, leaks could substantial-
ly change the composition and, thereby, 
the pressure characteristics of this fluid . 

A thorough search of fluids and hun­
dreds of measurements provided five near­
ly azeotropic mixtures (see table) of R134a, 
R152a, R124 , and R142b (ch lorodifluoro-
ethane, CH3CCIF2; boiling temperature 
-9.70°C) that have low boiling-point 
spreads, low toxicity, and low ozone-dam­
aging capability, that are nonflammable, 
and that are more compatible with conven­
tional oils than is R134a. The data from the 
tests indicate that the pressure of any of the 
combinations in the table is nearly equal 
to the pressure of R12, and thus the mix­
tures may be a good "drop-in substitute" 
for R1 2. Because the mixtures are nearly 
azeotropic, the overall composition Should 
not be significantly altered by leakage. I 

I 
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MIXTURES 

Mixture 
Component A Component B * Component C * Number 

1 0.5 < R134a < 1.0 R124 < 0.5 
2 0.5 < R134a < 1.0 R142b < 0.5 

3 0.5 < R134a < 1.0 R124 < 0.5 R142b < 0.5 
4 0.5 < R134a < 1.0 R152a < 0.5 R124 < 0.5 
5 0.5 < R134a < 1.0 R152a < 0.5 R142b < 0.5 

* 0.0 < (B + C) < 0.2 
Proportions of component refrigerants are given in mole fractions . 

These Binary and Ternary Nearly Azeotropic Mixtures of liquids are potentiai replace­
ments for Refrigerant 12, which is now commonly used. Each of these mixtures has 
an ozone-depletion potential less than one-hundredth that of Refrigerant 12. 

Refrigerant 

R134a 
R1 52a 
R124 
R142b 

IDENTIFICATION OF COMPONENT REFRIGERANTS 

Formula Name 
Normal Boiling 

Temperature, °c 

CH2FCF3 1,1,1,2-Tetrafluoroethane - 27.89 

CHF2CH3 1,1-Difluoroethane -25.00 
CHCIFCF3 2-Chloro-1 ,1,1,2-tetrafluoroethane -12.00 

CH3CCIF2 Chlorod ifluoroethane -9.70 

APOLLO COMMEMORATIVE POSTER-
Actual size : 30" x 21 " In Full Color! 

Relive mankind's greatest adventure with this official 
NASA commemorative poster. Printed on high-quality 
poster stock and shipped in a protective tube. Price 
only $8.95 each plus $5.00 for handling and mailing . 

'M"' ~" , ... 

Mail payment to : NASA Tech Briefs, Dept. F 
41 East 42nd Street, Rm 921 
New York, New York 10017 

For credit card orders call : (212) 490-3999 
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Removing Undesired Fine 
Powder From Silicon Reactor 
The flow of gas from a fluidized bed sweeps 
the smallest particles away. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
The fluidized·bed reactor shown in the 

figure is designed to produce highly pure 
polycrystalline silicon particles that have 
diameters ::: 400 p,m. The reactor oper· 
ates by the pyrolysis of silane in a reac· 
tion zone, which is a bed of silicon seed 
particles (diameters 50 to 400 p,m) fluid· 
ized by the flow of silane and possibly a 
carrier gas. Above the reaction zone lies 
an entrainment zone, where the gas mix· 
ture flows rafjidly enough to entrain a sig· 
nificant proportion of the silicon powders, 
(particles that have diameters less than a 
few microns) - but not a significant pro· 
portion of the larger seed and product 
silicon particles. The entrained particles 
are swept out of the reactor by the fluid· 
izing gas. The concept may also be appli· 
cable to such other processes as the pro· 
duction of fine metal and ceramic powders 
in which careful control of the sizes of pro· 
duct particles is needed. 

Usually, the highly pure polycrystalline 
silicon product particles are intended to 
serve as the starting material for the 
preparation of single crystals of silicon by 
the single-crystal'pulling technique. Silicon 
powder is undesirable in this application 
because instead of melting readily, the 
powder floats on the surface and deposits 
around the newly formed single'crystal 
rod. Furthermore, the powder particles are 
more susceptible to contamination than 
the larger particles are because the 
powder particles have more surface area 
per unit mass. Finally, it is difficult to han­
dle micron-to-submicron-sized particles of 
silicon powder. 

Silicon powder results from the homoge­
neous decomposition of silane (direct de­
composition of silane into silicon and hydro­
gen from within the gas phase) rather than 
from the heterogeneous decomposition of 
silane (decomposition of silane by deposi­
tion of silicon onto the surfaces of silicon 
particles). This undesired homogeneous 
decomposition can be lessened by reduc­
ing the temperature of the reaction zone 
or by maintaining a low concentration of 
silane in the reaction zone. However, these 
measures would also slow the desired 
heterogeneous decomposition. The use of 
the entrainment zone makes it possible to 
maintain conditions for more-efficient het­
erogeneous decomposition in the reaction 
zone, while removing the undesired silicon 
powder from the fluidized bed. 

The required velocity of flow in the en­
trainment zone can be calculated from 

such parameters as the density and vis­
cosity of the gas and the size§, shapes, 
and void fractions of the particles. The re­
quired flow in the entrainment zone can 
then be maintained by use of a suitable 
input flow of silane and carrier gases andl 
or by a suitable decrease in the cross sec­
tion of the reactor in the entrainment zone. 
Typically, flow speeds of 0.1 to 4.8 fils (0.03 
to 1.5 m/s) should suffice to remove at 
least 50 percent of the silicon powder but 
not to entrain a significant amount of the 
larger product silicon particles. 

This work was done by Robert N. 
Flagella of Union Carbide Corp. for 
NASA's Jet Propulsion Laboratory. For 
further information, Circle 120 on the TSP 
Request Card. 

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

Morris N. Reinisch 
Union Carbide, Inc. 
Law Dept. - Patent Section 
39 Old Ridgebury Road 
Danbury, CT 06817-0001 

Refer to NPO-18323, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 

+ 
Carrier Gas: Hydrogen 
and/or Inert Gas 

This Fluidized-Bed Reactor includes an 
entrainment zone above the fluidized-bed 
reaction zone. The fluidizing gas flows 
rapidly enough in the entrainment zone to 
carry away fine particles of silicon. 

18 
position 
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Kaman's inductive noncontact 
sensors are virtually unaffected 
by what's in the environment, 

giving them significant 
advantages over other sensing 

technologies. Designed for 
industrial use, they can, 

for example, size nonmagnetic 
metal parts as they're 

machined, control position in 
closed-loop systems, or 

determine level of molten 
metals. Plus Kaman's systems 
outperform others in resolution 

(down to submicroinch) and 
frequency response (0 to 

50kHz) . 18 sensors in 0.08 to 
6.0-inch diameters. Full-scale 

measuring range from 0.001 to 
4.0 inches. Call for details. 

Kaman Instrumentation Corp. 
1500 Garden of the Gods Rd. 
Colorado Springs, CO 80907 

719-599-1825 
Fax 719-599-1823 

800-552-6267 

KAMAN 
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The Next Time, 

Why Not 

REAltLY 

Change Your Oil! 

After an initial treatment of 8 ounces, just 
4-ounces ofTufoil into the crankcase at each 
oil change will tum ordinary oil into a 

PATENTED 
ENGINE TREATMENT. 

Here's what you'll experience .... 
EASIER STARTS - Due to the protection 
your engine will have at that crucial oil-less 
period. 
SMOOTI-IER OPERATION: The drastic 
reduction in friction gives your engine a slip­
pery surface to run smoothly, virtually 
trouble-free! 
BEITER GAS MILEAGE: You'll save 
plenty at the gas pumps since your engine 
doesn't have to work as hard and requires 
less energy to run. 
LONGE R ENGINE LIFE: Naturally, if 
your engine doesn't have to work as hard, it 
will last a lot longer .. .in many cases, twice as 
long. 

One 8 oz. - $ 17.75 (ship. incl.) 
Two 8 oz. - 29.00 (ship. Incl.) 
1 Quart - 38.95 (ship. incl.) 
1 Gallon - 131.00 (ship. incl.) 

1-800-922-0075 
ORDER TODAY -----------,---.-1 

I~ Fluoramlcs, Inc. NTB892 
~ 18 Industrial Avenue 

Mahwah, NJ 07430 
My check or money order for $ __ is enclosed. 
Charge my cre(m card: 
o Am. Express O Master Card 0 Visa 
Card No. __________ _ 

Exp. Date __________ _ 

Phone No. _________ _ 

Name 

Address UPS ShlflPIl ' 9 Adct' t' qS 

City 

State Zlp ____ _ 

(N.J. residents please add 7% sales taJ<). 

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

Computer Programs 
COSMIC: Transferring NASA Software 

COSMIC. NASA's Computer Software Manage· 
ment and Information Center, distributes software 
developed With NASA funding to Industry, other 
govemment agencies and academia. 

COSMIC's inventory IS updated regularly; new 
programs are reported in Tech Briefs. For additional 
Information on any of the programs described here. 
Circle the appropriate TSP number. 

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

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

~ MathematiCS and 
~ InlOrmalion SCiences 

Transportable Applications 
Environment Plus 

Users can construct 
custom user interfaces 
for their own 
application programs. 

li'ansportable Applications Environment 
Plus (TAE +) is an integrated, portable com· 
puter program that provides an environ· 
ment for developing and running interactive 
window, text, and graphical object·based 
application software systems. The program 
enables both programmers and nonpro· 
grammers to construct their own custom 
application user interface easily and to 
move those applications to different com· 
puters. Because TAE+ can be used repeat­
edly for many applications, it provides con· 
siderable cost savings when used as a 
company's primary user interface develop­
ment tool. 

The main components of TAE+ are (1) 
the WorkBench, a what-you-see·is·what­
you-get 0NYSIWYG) tool for the design and 
layout of a user interface; (2) the WPT's 
CNirID-N Programming 1x>Is) software pack· 
age, a set of callable subroutines that con· 
trol the user interface of an application pro­
gram; and (3) TAE Command Language 
(TeL), an easy·to-Iearn command language 
that provides a simple way to develop an 
executable application prototype with a 
run·time·interpreted language. 

The WorkBench enables the developer 
of an application program to construct the 
layout of the display screen interactively 
by manipulating a set of interaction ob· 
jects, including such input items as but· 

programs in your area of interest. You can also 
purchase the annual COSMIC Software Catalog. 
containing descnptions and ordering information for 
available software. 

COSMIC is part of NASA's Technology Utlliza· 
tlon Network. 

COSMIC John A. Gibson, Dlfector, 

Phone (706) 542-3265 ; FAX (706) 542-4807 
The University of Georgia. 382 East Broad Street. 
Athens. Georgia 30602 

tons, icons, and scrolling lists. Also includ· 
ed are such data·driven graphical objects 
as dials, thermometers, and strip charts, 
which TAE + updates as the values of the 
data change. The WorkBench includes 
drawing tools for creating icons and the 
graphics associated with data-driven ob· 
jects. As a developer's tool, it also provides 
the capability to define "connections" be· 
tween interaction objects dynamically, re­
hearse the deSigned user interface, save 
the user interface details in a resource file, 
and generate fully annotated and opera· 
tional source code (in C. Ada, FORTRAN, 
and TeL). This WorkBench-generated code 
includes calls to the TAE+ runtime ser· 
vices (WPT's), which use the details saved 
in the resource file to control the entire 
user interface and, thus, supply a bridge 
between the development and runtime en· 
vironment. Since the WPT's access the 
resource file during execution, the user in· 
terface details remain independent from 
the application code, allowing changes (e. 
g., color, front screen location, type of ob· 
ject) to be made easily without recompil· 
ing or relinking the application software. 

In addition to WPT's, TAE+ offers con­
trol of interaction objects from the inter­
preted TAE Command Language. TeL pro­
vides an extremely powerful means for the 
more experienced developer to develop 
quickly a prototype of an application's user 
interface without the overhead of compil· 
ing or linking. 

TAE+ uses the MIT XWindow System 
as the underlying windowing standard. The 
WorkBench and WPT's are written in C+ +, 
and the remaining code is written in C. 
TAE + is available by license for an un­
limited time. The licensed program product 
includes the TAE + source code and one 
set of supporting documentation. Recom· 
mended minimum memories of 8 MB and 
50 MB in disk space are required to load 
the TAE+ TAR tape. This tape includes the 
Free Software Foundation's C+ + com· 
piler (GNU's C++). TAE+ was developed 
in 1989. 

TAE+ is available in a form suitable for 
six different groups of computers: (1) DEC, 
V/lX. station and other VMS V/lX.'es (specify 
TK50 or 9·track VMS Backup format), (2) 
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More Processing Gain! 
Gain the advantage in your signal processing designs with 

Xmath™ and the Signal Analysis Module™ 

Only Xmath provides an advanced mathematical analysis 
environment for your X Wmdow™ workstation. Add the 
Signal Analysis Module, and you have everything you need 
to generate signals and noise, model channel effects, and 
perform waveform analysis. 

SAM-the Signal Analysis Module 
The SAM gives you full featured function generators, extensive 
noise generators, modulators/demodulators, ND and sample 
and hold models, TFRs, spread spectrum signal generators and 
much more. 

Interactive graphics 
Zoom in for signal details, add text, change colors and viewing 
angles, or draw in shapes and arrows. 

Object-oriented MathScript™ 
More than just matrices! Xmath's unique object-oriented lan­
guage gives you fast execution and frees you to function at a 
higher level of data abstraction. 

Programmable GUI 
Xmath's new programmable Gill layer lets you develop tools 
which take full advantage of the X Window interface, with no 
C or Fortran programming. 

Intuitive User Interface 
Pull-down menus, variable windows, object editors, and the 
Hypertext Help utility make Xmath easy to learn and use. 

For more gain in your signal processing designs give 
us Ii. call at 1-800-932-MATH and we'll send you a 
FREE XmathlSAM Demo for X Window workstations. 

~ ~;:,~rated 
~ems 

3260 Jay Street • Santa Clara, California 95054 
Tel: 408.980.1500 • Fax: 408.980.0400 
e-mail: xmam-info@isi.com 

For More Information Circle No. 343 

C 19921ntegnted Sy>tems. lnc. All rights reserved. Xmath and 
MathScripr an: mdemarks of Integrated Sy>tcms. Inc. Signal AnalY>is 
Module is a trademark of EU\NlX. Inc. X Window is a trademark of the 
MassachusettS Institute of Technology. 

Object-oriented Analysis For Signal Processsing. Xmath 



Macintosh II computers running AUX [on 
1,4 -in. (6.35-mm) miniature tape cartridge 
in Unix TAR format], (3) Apollo Domain 
Series 3000 [on 1,4-in. (6.35-mm) cartridge 
in TAR format], (4) DEC VAX and RISC 
workstations running Ultrix (TK50 in TAR 
format), (5) Sun 3- and 4-series work sta­
tions running Sun OS and IBM RT/PC's 
and PS/2's running AIX [on 1,4 -in . (6.35-
mm) Sun cartridge in TAR format], and (6) 
HP 9000 Series 800 workstations (HP pre­
formatted, 16-track cartridge tape in TAR 
format). 

This program was developed by the 
Data Systems Technology Division of God· 
dard Space Flight Center. For further in­
formation, Circle 19 on the TSP Request 
Card. 
GSC-13277/78 

Curvilinear· 
Interpolation Program 
I NTERP2 performs a 
polynomial interpolation 
based on the true relationship 
among known values. 

Determining the value of a function at 
a point between points specifically defined 
in a table is a common task for scientists 
and engineers. This process, called inter­
polation, ranges from the simplicity of line­
ar regression to the complexity of time­
consuming algorithms, depending on the 
accuracy required. INTERP2 is an interac­
tive, easy-to-use computer program that 
uses the speed of a computer to execute 
a complicated mathematical process that 
solves interpolation problems quickly and 
accurately. 

Interpolation based on a straight-line 
correlation among the given data points 
ignores all but two data points close to the 
unknown point, and is therefore unable to 
account for any effects of curvature. This 
is why curvilinear interpolation, a compli­
cated method, is often necessary when a 
highly accurate value is required. INTERP2 
solves for an unknown value based on the 
true relationship among given values, 
whether that relationship is linear or non­
linear. Using the technique of the Lagrange 
interpolating polynomial, INTERP2 "draws" 
a curve through the input data points and 
then interpolates to obtain the unknown f(x) 
for a known x expediently. 

I NTERP2 is written in BASIC for an I BM­
PC-compatible computer running the MS­
DOS operating system. A short explana­
tory text file and the executable code are 
included with the source code. INTERP2 
was developed in 1989 and requires 37 KB 
of memory. 

IBM and IBM PC are registered trade­
marks of International Business Machines. 
MS-DOS is a registered trademark of the 
Microsoft Corp. 
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This program was written by Michael J. 
Coppi of Lockheed Space Operations Co. 
for Kennedy Space Center. For further in­
formation, Circle 14 on the TSP Request 
Card. 
KSC-11497 

Software for Integer 
Programming 
IESIP implements an 
improved exploratory-search 
technique for pure integer 
linear-programming problems. 

The Improved Exploratory Search Tech­
nique for Pure Integer Unear Programming 
Problems (IESIP) computer program ad­
dresses the problem of optimizing an ob­
jective function of one or more variables 
subject to a set of confining functions or 
constraints, by use of a method called dis­
crete optimization or integer programming. 
Integer programming is based on a spe­
cific form of the general linear-program­
ming problem in which all variables in the 
objective function and all variables in the 
constraints are integers. While more dif­
ficult, integer programming is required for 
accuracy in the mathematical modeling of 
systems that contain small numbers of 
components, such as in the distribution of 
goods, scheduling operations on machine 
tools, and scheduling production in general. 

IESIP establishes a new methodology 
for solving pure integer-programming prob­
lems by utilizing a modified version of the 
univariate exploratory move developed by 
Robert Hooke and T. A. Jeeves. IESIP also 
takes some of its technique from the 
greedy procedure and the idea of unit neigh­
borhoods. A rounding scheme involves the 
use of a continuous solution found by a 
traditional method (simplex or other suit­
able technique) and creates a feasible in­
teger starting point. The Hook-and-Jeeves 
exploratory search is modified to accom­
modate integers and constraints and is 
then employed to determine an optimal in­
teger solution from the feasible starting 
solution. The user-friendly IESIP enables 
the rapid solution of problems up to 10 var­
iables in size (limited by DOS allocation). 
Sample problems compare IESIP solu­
tions with the traditional branch-and-bound 
approach. 

IESIP is written in Borland's TURBO 
Pascal for I BM PC-series computers and 
compatibles running DOS. Source code 
and an executable code are provided. The 
main memory requirement for execution 
is 25K. This program is available on a 
5.25-in. (13.34-cm), 360K MS DOS format 
diskette. IESIP was developed in 1990. 

IBM is a trademark of International 
Business Machines Corp. TURBO Pascal 
is registered by Borland International. 

This program was written by F. R. Fogle 

of Marshall Space Flight Center: For fur­
ther information, Circle 152 on the TSP Re­
quest Card. 
MFS-27260 

Program Models 
Propagation of Failures 
FIRM represents a hybrid 
between schematic-diagram 
and fault-tree approaches. 

The FIRM computer program is a soft­
ware tool for the identification of failures 
and the management of risk. FIRM is based 
on the directecklraph ("digraph") approach, 
which can be considered a hybrid between 
an approach based on schematic diagrams 
of systems and an approach based on 
fault trees. In a digraph model of failure, 
nodes are used to represent failures of 
components or functions, and connections 
between nodes are used to represent the 
propagation of failures among compo­
nents or functions. 

Failure is defined in terms of "reachabil­
ity" of a component or process. The pro­
gram can determine either reachability to 
a target or reachability from a source. Any 
node in the digraph can be chosen as a 
source, and FIRM will identify all nodes 
(singletons) or combinations of 2 (double­
tons) or 3 (tripletons) nodes that can reach 
the target. FIRM can also identify loops 
in digraphs and display the direct failure 
paths between any two nodes. 

The three core algorithms in FIRM are 
optimized for processing singletons and 
doubletons and can also handle tripletons. 
A unique feature is that FIRM solves for 
reachability for a given node without com­
puting reachability for the entire digraph. 
No matrix computation methods are used. 
The algorithm thus implements essential­
ly a real-time approach that enables the 
user to modify the digraph and immediate­
ly observe any changes in reachability for 
nodes of interest. The ability of FIRM to de­
tect and print loops in digraphs enables 
users to develop large digraphs more easi­
ly. Its ability to display all direct failure paths 
between any two selected nodes in a di­
graph is useful in investigating failure-prop­
agation scenarios contained in digraphs. 

FIRM is written to be highly portable. It 
is written in C and can run on any com­
puter that includes an ANSI standard C 
compiler. FIRM has been installed on Mac­
intosh, IBM PC-series, DEC VAX, Amdahl, 
and Cray computers. The program can 
solve problems of unlimited size, depend­
ing only on the memory resources of the 
host computer. The memory required for 
the executable code ranges from 56 Kb 
on the Macintosh computer to 198 Kb on 
the Cray computer. Mathematical models 
require approximately 68 bytes per node. 
The program is available on a 5.25-in. 
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(13.34-cm) 360K MS-DOS-format diskette 
(standard medium) or a 3.5-in. (8.89-cm) 
Macintosh-format diskette. FIRM was de­
veloped in 1990. 

Cray is a trademark of Cray Research, 
Inc. Amdahl is a trademark of Amdahl Corp. 
IBM PC is a trademark of International 
Business Machines. DEC and VAX are 
trademarks of Digital Equipment Corp. 
Macintosh is a trademark of Apple Com­
puter, Inc. 

This program was written by Donald B. 
Hackler, David T. Bui, and Fred J. Becker 
of Lockheed Engineering & Sciences Co. 
for Johnson Space Center. For further 
information, Circle 2 on the TSP Request 
Card. 
MSC-21860 

Program Handles 
Environmental.:rest Data 
S3DACS assists in the acqui­
sition, recording, processing, 
and display of test data. 

The S3 Data Acquisition and Control Sys­
tem, (S3DACS) computer program was de­
veloped for the Environmental Test Labora­
tory and Space Simulator at NASA's Jet 
Propulsion Laboratory. The program is used 
for monitoring, controlling, and ~ecording 
information acquired during tests and pre­
senting this information in various formats 
for easy access by a large number of users. 

All testing is initiated by a setup proce­
dure that defines what will be tested, limits 
to be checked, formulas to use, and the 
like. The results of tests (e.g ., temperature, 
resistance) are then automatically stored 
in a data base for display in real time and 
for future reference. Measurement data 
thus obtained can be used in various com­
putations defined for the test and selec­
tively presented in tabular, graphical, or 
electronic form. Reports can be made to 
show current or historical events. 

The S3DACS network software is writ­
ten in FoxPro/LAN 1.02 and 80386 Assem­
bler for IBM PC and compatible computers 
running MS-DOS 3.31 or higher. Required 
computing equipment includes the follow­
ing: an 80386 33-MHz processor with 10 
Mb of random-access memory (RAM) set 
up as a file server, an 80386 33-MHz proc­
essor with 4 Mb of RAM connected to a 
FLUKE 2240B or 2280 data-acquisition de­
vice, and an 80386 2D-MHz processor with 
5 Mb of RAM used as a workstation. Also 
needed is National Instruments circuit 
board that is compatible with a general­
purpose interface bus (GPIB) to enable 
S3DACS to communicate with IEEE-488 
control instruments. 

Required software includes the follow­
ing: Novell Netware 386 for management 
of the network; FoxPro/LAN 1.02 for man­
agement of the data base; Version 5.0 of 

QEMM 386 for management of the mem­
ory; and Version 4 of DGE, Saywhat, View­
lib, and DBSHOW for graphics and screen 
displays. The equipment listed in the pre­
ceding paragraph is the minimum that will 
allow installation of S3. Workstations and 
data-acquisition devices can be added 
transparently. 

S3DACS is distributed on seven 5.25-
in. (13.34-cm), 1.2-Mb MS-DOS-format dis­
kettes. The extensive documentation in­
cludes a quick-reference guide, a software 
user's manual, a computer-systems-oper­
ator's manual, and a software program­
mer's manual. The source code is provid­
ed in PKZIP format, and the PKUNZIP utility 
is included. Compilation of the assembler 
source code requires version 5.10 of Mi­
crosoft 's Assembler. Because of the com­
plexity of this software package, COSMIC 
strongly recommends the purchase and 
review of the documentation prior to the 
purchase of the program. S3DACS was de­
veloped in 1990. S3DACS is a copyrighted 
work with all copyright vested in NASA. 

All trade names used are the property 
of their respective corporate owners. 

This program was written by Frances 
de Freitas Bart, Terry C. Fisher, and Oaudia 
de Luna of Caltech for NASA's Jet Propul­
sion Laboratory. For further information, 
Circle 20 on the TSP Request Card. 
NPO-18508 
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Program for Logarithmic 
Interpolation of Test Data 
DATASPACE interpolates to 
the logarithmically increasing 
intervals that are preferred 
in some analyses. 

Scientists and engineers work with the 
reduction, analYSiS, and manipulation of 
data. In many instances, the recorded data 
must meet certain reqUirements before 
standard numerical techniques can be 
used to interpret them. For example, the 
analysis of a linear viscoelastic material 
requires knowledge of one of two time-de­
pendent properties - the stress-relaxation 
modulus E(t) or the creep compliance D(t) 
(when t = time) - one of which can be 
derived from the other by a numerical 
method if the recorded data points are 
evenly spaced or increasingly spaced with 
respect to the time coordinate. The difficul­
ty is caused by the fact that most labora­
tory data are variably spaced, making the 
use of numerical techniques difficult. To 
reduce this difficulty in the case of the 
analYSis of stress-relaxation data, NASA 
scientists developed the DATASPACE com­
puter program to establish a logarithmical­
ly increasing time interval in the relaxation 
data. The program is generally applicable 
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to any situation in which there is a need 
for increasingly spaced abscissa values 
in a set of data. 

DATASPACE first takes the logarithm of 
the abscissa values, then uses a cubic­
spline interpolation routine (which mini­
mizes interpolation error) to create an 
evenly spaced array from the log values. 
This array is returned from the log abscis­
sa domain to the abscissa domain and 
written to an output file for further manip­
ulation. As a result of the interpolation in 
the log abscissa domain, the data are in­
creasingly spaced. Stress-relaxation data 
processed in this way are spaced closely 
at short times and widely at long times, 
thus making it possible to avoid the distor­
tion inherent in evenly spaced time coor­
dinates. The interpolation routine gives 
results that compare favorably with the re­
corded data. The experimental data curve 
is retained, and the interpolated points re­
flect the desired spacing. 

DATASPACE is written in FORTRAN 77 
for IBM PC-compatible computers with 
math coprocessors running MS-DOS and 
for Apple Macintosh computers running 
MacOS. With minor modifications, the 
source code is portable to any computer 
that supports an ANSI FORTRAN 77 com­
piler. MicroSoft FORTRAN v2.1 is required 
for the Macintosh version. An executable 
code is included with the PC version. DATA­
SPACE is available on a S.25-in. (13.34-cm) 
360K MS-DOS format diskette (standard 
distribution) or on a 3.S-in. (8.89-cm) 800K 
Macintosh format diskette. This program 
was developed in 1991. 

IBM PC is a trademark of International 
Business Machines Corp. MS-DOS is a 
registered trademark of Microsoft Corp. 
Macintosh and MacOS are trademarks of 
Apple Computer, Inc. 

This program was written by Frank E. 
ledbetter /I of Marshall Space Flight 
Center. For further information, Circle 150 
on the TSP Request Card. 
MFS-28551 

Benchmark Lisp 
and Ada Programs 
These programs can be 
used in several different 
ways to measure com­
putational efficiency. 

Some of the research of the Informa­
tion Sciences Division at NASA Ames Re­
search Center is devoted to the analysis 
and enhancement of processors and ad­
vanced computer architectures, specifical­
ly in support of automation and robotic 
systems. To compare the abilities of com­
puters to process efficiently by use of the 
Lisp and Ada computing languages, scien­
tists at Ames Research Center have de-
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veloped a suite of nonparallel benchmark 
programs called ELAPSE. The benchmark 
suite was designed to be used in any or all 
of the following three tests: (1) comparing 
the efficiency of one computer processing 
via Lisp vs. processing via Ada; (2) com­
paring the efficiencies of several com­
puters processing via Lisp; or (3) compar­
ing several computers processing via Ada. 

ELAPSE tests the efficiency with which a 
computer can execute the various routines 
in each language. The sample routines are 
based on manipulations of numbers and 
symbols and include two-dimensional fast 
Fourier transformations, Cholesky decom­
position and substitution, Gaussian elimi­
nation, high-level data proceSSing, and 
symbol-list references. Also included is a 
routine based on a Bayesian classification 
program that sorts data into optimized 
groups. 

The ELAPSE benchmark programs are 
available for any computer equipped with 
a validated Ada compiler and/or Common 
Lisp system. Of the 18 routines in ELAPSE, 
14 were developed or translated at Ames. 
The others are readily available through 
literature. The benchmark program that re­
Q,Jires the most rneroory is CHOLESKY ADA 
Under VAX/VMS, CHOLESKY ADA requires 
700K of main memory. ELAPSE is available 
on either two S.25-in. (13.34-cm), 360K M8-
DOS format diskettes (standard distribu­
tion) or a 9-track, 1,600-bitjin. (63D-bit/cm) 
magnetic tape in ASCII CARD IMAGE for­
mat. The contents of the diskettes are 
compressed by use of the PKWARE ar­
chiving software tools. The utility program 
PKUNZIP.EXE, which decompresses the 
files from the archival format, is included. 
The ELAPSE benchmark programs were 
written in 1990. 

VPIX and VMS are trademarks of Digital 
Equipment Corp. MS-DOS is a registered 
trademark of Microsoft Corp. 

This program was written by Gloria 
Davis, David Galant, Raymond Um, and 
John Stutz of Ames Research Center; J. 
Gibson of RECON Software; 8. Raghavan 
of F.c.c.o.; P. Cheesema of Rlacs-USRA; 
and W Taylor of Sterling Software. For fur­
ther information, Circle 109 on the TSP Re­
quest Card. 
ARC-12980 

Software Operates 
on Bit·Map Images 
Thirteen programs 
enable the user to create, 
alter, and store images. 

PIXTOOLS is a package of software for 
the Silicon Graphics IRIS consisting of thir­
teen programs plus a library for operating 
on bit-map images. The image data struc­
ture is denoted as a "PIXIMAGE." The pro-

grams enable the IRIS user to create and 
edit high-resolution images from the Sharp 
JX4S0 scanner and to save such images 
in tHe forms in which they are displayed 
on video screens, resize them, and cap­
ture them. 

Images can be sent to the OMS laser 
printer, the Tektronix 4693 color thermal 
printer, and the Matrix OCRZ film recorder. 
In addition, images in PIX format can be 
converted to images in SGI format (and 
vice versa) or converted to images in Fbst­
Script format. Images in PIX or SGI format 
can be converted to ".ras" files, which can 
be read I:¥ the "rasp" routine in the PLOr3D/ 
AMES program (available from COSMIC), 
and ".ras" files can be converted to PIX files. 

Eleven of the programs print informa­
tion and read and write files. Two of the 
programs - namely, PIXSCAN and PIX­
EDIT - offer graphical interfaces. PIX­
EDIT uses the full IRIS screen as a draw­
ing area, and pop-up menus are available. 
The menus enable manipulation of images 
and background color and saving of an im­
age on a screen to a file. PIXSCAN is the 
user interface to the Sharp JX4S0 scan­
ner. This program enables the user to do 
a preliminary scan of an image at low reso­
lution and then select an area to rescan 
in higher resolution into a file. To be able 
to use PIXSCAN, the user must have the 
general-purpose interface bus (GPI B) cir­
cuit board (IEEE 488) and the "Iibgpib.a" 
library of software from Silicon Graphics, 
Inc. Instructions in the use of all the pro­
grams are provided in the form of UNIX 
on-line manual pages. 

The PIXTOOLS programs are written in 
C language for execution on SGIIRIS 4D­
series workstations running IRIX 3.2 or 
later. PIXEDIT (the largest program) requires 
840K of main memory. The programs with 
graphical interfaces require that the IRIS 
have at least 24 bit planes. The package 
of programs is available on a O.25-in. (6.35-
mm) streaming-mag netic-tape cartridge in 
UNIX tar format. A README file and UNIX 
manual pages provide information regard­
ing installation and use of the PIXTOOLS 
programs. A nine-page manual that pro­
vides slightly more detailed information 
may be purchased separately. PIXTOOLS 
was developed in 1990 and updated in 1991. 

SGI, IRIS 4D, and IRIX are trademarks of 
Silicon Graphics, Inc. FbstScript is a regis­
tered trademark of Adobe Systems Inc. 
UNIX is a registered trademark of AT&T. 

This program was written by Diana Choi 
of Ames Research Center. For further in­
formation, Circle 72 on the TSP Request 
Card. 
A RC-12830 

NASA Tech Briefs, August 1992 



o Mechanics 

Simple, Lightweight, Thermomechanical Coupling 
Temperature-sensitive shape-memory wire activates cantilevered thermal contacts. 

Goddard Space Flight Center, Greenbelt, Maryland 

A self-actuating thermal coupling device 
is light in weight and transfers heat effi­
ciently. The coupling is thermostatic, making 
and breaking thermal contact as neces­
sary to maintain a nearly steady tempera­
ture at the hot side of the interface. 

Unlike in some other heat-transfer de­
vices, the heat is not transferred by direct 
contact between the hot and cold plates; 
instead, the heat is transferred via contact 
pins perpendicular to the hot and cold 
plates. The pins can be designed to pro­
vide a larger total cross-sectional area for 
transfer than do the plates; transfer thus 
proceeds more efficiently. Thermal con-
ductance can be 5 to 20 times as great. 
Moreover, it is easier to fabricate the 
smoothly polished surfaces that are de­
sirable for efficient transfer on the many 
small areas of the pins than on the large 
areas of the hot and cold plates. In addi­
tion, the new device does not require large, 
externally applied forces to maintain ther­
mal contact between the hot and cold 
plates. It therefore does not need a large 
and massive supporting structure. More­
over, inasmuch as fluids are not used to 
transfer heat, there is no risk of spillage 
during connection and disconnection of 
the hot and cold assemblies, and the need 
for the elaborate seals and tight alignment 
tolerances of fluid coupiings is eliminated. 

The device includes many pins extend­
ing from the hot and cold plates. The con­
tour of the thermal interface on a hot pin 
matches that of the thermal interface on 
the mating cold pin (see figure). A loop of 
wire made of a nickel/titanium or other 
alloy that has a shape memory links each 
hot pin with a retainer. When the tempera­
ture of the shape-memory wire rises above 
a critical value, the wire shrinks, pulling the 

One of Many Hot 
Pins on a hot plate 
is poised near a cold 
pin , its cold-plate 
counterpart. As the 
temperature of the 
hot plate rises , the 
shape-memory wire 
contracts, drawing 
the hot pin against 
the cold pin. 

Hot Plate 

hot pin against the cold pin. When the 
temperature falls below the critical level, 
the wire expands to its original length, 
allowing the hot pin to pull away from the 
cold pin. The critical temperature is deter­
mined by the composition of the alloy. 

Thus, when heat flowing into the hot 
plate (from electronic circuitry, for exam­
ple) raises the temperature of the hot plate 
above the critical temperature, the hot and 
cold pins come into contact and heat then 
flows into the cold plate, which may be 
connected to a radiator, heat eXChanger, 
or conductor. The hot pins are held firmly 
against the cold pins until the temperature 
of the hot plate drops sufficiently to relax 

Measuring Streamwise Momentum 
and Cross-Stream Turbulence 
Probes can be shaped to obtain the desi red directional responses. 

Ames Research Center, Moffett Field, California 

New shapes for the tips of Pitot probes 
have been proposed to enable measure­
ment of time-averaged streamwise momen­
tum densities and time-averaged intensities 
of cross-stream turbulence in subsonic 
flows. Pitot probes are tubular pressure 
probes designed to face upstream, across 

the stream, or at intermediate angles; the 
response of such a probe depends on the 
direction of flow with respect to its axis. The 
new shapes would be tailored to yield spe­
cific directional responses. 

Figure 1 illustrates schematically a probe 
in a turbulent flow. The probe is axisym-

Hot 
Pin 

the wire. Then the pins separate and the 
transfer of heat stops. When the temper­
ature of the hot plate again rises, the cy­
cle resumes. 

This work was done by M. Bruce Milam 
of Goddard Space Flight Center. For fur­
ther information, Circle 39 on the TSP Re­
quest Card. 

This invention is owned by NASA, and 
a patent application has been filed. In­
quiries concerning nonexclusive or ex­
clusive license for its commercial develop­
ment should be addressed to the Patent 
Counsel, Goddard Space Flight Center 
(see page 20). Refer to GSC-13251. 

~ 
metric, and its x axis is aligned with the ... 
time-averaged direction of the stream. The 
flow is assumed to be in the low-subsonic 
range, so that the effect of compressibility 
can be neglected. It is also assumed that 
viscosity, if present, exerts a negligible ef­
fect. Under these conditions, a relatively 
simple analysis based on the fundamental 
equations of flow shows that the compo­
nent of dynamic pressure attributable to 
cross-stream turbulence equals the differ­
ence between the time-averaged stag­
nation pressure based on the streamwise 
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Figure 1. A Tubular Probe in a Turbulent Flow Field responds to 
the static and dynamic pressures. The response to the dynamic 
pressure can depend in a complicated way on the x, y. , and z 
components of velocity. 
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Figure 2. Two Stagnation-Pressure Probes Plus a Static-Pres­
sure Probe provide the measurements needed to compute the 
time-averaged streamwise momentum density and time-average 
intensity of cross-stream turbulence. The shape of the lower probe 
gives it the desired cos2a directional response . 

(x) component of velocity and the time-aver­
aged stagnation pressured based on the 
entire velocity. The analysis also shows that 
the time-averaged dynamic pressure and 
streamwise momentum density can be 
calculated from the time-averaged stream­
wise stagnation pressure and the time­
averaged static pressure. 

What is required, then, is a set of three 
probes: one that measures the static pres­
sure; one that measures the stagnation 
pressure and is equally sensitive to the x, 
y, and z components of flow velocity; and 
one that measures stagnation pressure but 

FRONT VIEW 

is sensitive to the x component of velocity 
only (see Figure 2). The requirement upon 
the third-mentioned probe is equivalent to 
the requirement that its response to 
dynamic pressure be proportional to 
cos2Q' , where Q' is the angle between the 
flow and the axis of the probe. 

The directional response of a probe of 
a given shape can be calculated from po­
tential-flow theory by use of suitable com­
puter programs. Such calculations can be 
iterated until the response approaches the 
desired cos2Q' response to an acceptable 
degree of precision. There is no unique so-

TOP VIEW 
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lution; one might wish to investigate several 
shapes to determine which is the least 
sensitive to errors in construction. 

This work was done by Vernon J. 
Rossow of Ames Research Center. For 
further information, Circle 58 on the TSP 
Request Card. 

This invention is owned bY' NASA, and 
a patent application has been filed. In­
quiries concerning nonexclusive or ex­
clusive license for its commercial develop­
ment should be addressed to the Patent 
Counsel, Ames Research Center [see 
page20]. Refer to ARC-11934. 

Improved Depiction of Computed Unsteady Flows 
Animated pictures of flow variables and smoke and dye streaks assist in analyses and comparisons. 

Ames Research Center, Moffett Field, California 
The PLOT 4D and STREAKER computer 

programs increase the ease of production 
and utility of animated depictions of un­
steady flows that have been simulated nu­
merically by advanced techniques of com­
putational fluid dynamiCS. Given the practical 
limitations of computer memories, these 
programs were developed with a view to­
ward maximizing the amount of informa­
tion displayed while minimizing the amount 
stored. By enabling the user to make (and, 
if necessary, change) choices from a varie­
ty of options, these programs enhance the 
visualization and analysis of computed 
flows. 

PLOT4D is an extended version of 
PLOT3D, which has been used widely to 
depict steady three-dimensional flows. (The 
"4" distinguishes PLOT4D by emphasiz­
ing that time is treated as a fourth dimen­
sion.) PLOT4D retains the capabilities and 
ease of use of PLOT3D, but incorporates 
additional features that make it more com­
putationally efficient to use PLOT 4D than 
to visualize an unsteady flow as a succes-

54 

Figure 1. These Density Contours around a prolate spheroid in a flow at an angle of attack 
of 30 0 were plotted by PLOT4D. This picture represents a steady flow, for example only; 
PLOT4D is designed primarily for but not limited to the depiction of unsteady flow. 
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sion of steady flows, animating frame by 
frame via PLOT3D. 

PLOT4D post processes the numerical 
output of a fluid-dynamical computation in­
to maps of flow quantities on two-coordi­
nate surfaces that depict a cut through the 
flow field or conform to a body surface. 
Also, multiple surfaces can be animated; 
in the extreme case, a full three-dimension­
al grid can be represented as a stack of 
two-coordinate surfaces. 

The animation capabilities of PLOT4D 
require only a one-time input of a given 
three-dimensional flow configuration in the 
form of sets of three-coordinate data. These 
data consist of the flow variables in twcrco­
ordinate computational planes with time as 
the third coordinate. From five basic flow 
variables (density, the three components 
of momentum, and internal energy), PLDr 4D 
calculates any of the 57 available scalar 
or vector quantities at each time step. The 
requested graphical representation is then 
stored in a memory buffer that enables the 
subsequent sequential display of the im­
ages on a video monitor. In this manner, 
all of the images are created before the 
animation is displayed. With a few quick 
commands in PLOT4D, various contours 
that depict the flow (see Figure 1) can be 
shown in sequence. The animation can be 
run forward, backward, slowly, or quickly; 
stopped; and restarted. 

The STREAKER program generates 
streaklines, which are close approximations 
of the patterns that would be traced out by 
streams of dye or smoke released into the 
simulated flows at designated positions. 
Streaklines can be compared directly with 
smoke and dye traces in flow experiments 
to obtain qualitative indications of the validi· 
ty of fluid-dynamical computations rapidly. 
It is important to distinguish among streak­
lines, streamlines, and the path lines of in­
dividual particles. While they are identical 
in steady flow, they differ in unsteady flow 
(see Figure 2). Thus, the streamline-tracing 
subroutines of prior flow-visualization pro­
grams cannot be used to simulate smoke 
and dye traces in unsteady flow. 

A streakline can be defined via the spa­
tial succession of endpoints, at the given 
time step, of pathlines of massless particles 
released into the flow at some position at 
previous time steps. STREAKER computes 
the endpoints of such pathlines by fourth­
order Runge- Kutta integration of velocity 
vectors. The streamlines will be broken if 
the distance between consecutive points 
exceeds a user-defined value. 

This work was done by Merritt H. Smith, 
William R. Van Dalsem, and Pieter G. Bun­
ing of Ames Research Center and F. Car­
rol/ Dougherty of the University of Colorado. 
Further information may be found in AIAA 
paper 89A-25122, ' 'Analysis and Visualiza-

f\IACI1 To,..h c::t,.j of~ tJ.. lln l lc:t 1QQ? 

EXPERIMENT WITH SMOKE TRACES 

COMPUTED STREAM LINES 

COMPUTED STREAKLI NES 

Figure 2. A Jet Aimed at the Ground With a Crossflow was photographed in an experiment 
with smoke tracers. It was also simulated numerically and is depicted here with stream­
lines and streaklines. The streaklines clearly resemble the smoke traces more closely 
than the streamlines do. 

tion of Complex Unsteady Three-Dimension­
al Flows." 

Copies may be purchased [prepayment 
required] from AIM Technical Information 

Service Ubrary, 555 West 57th Street, New 
York, New York 10019, Telephone No. (212) 
247-6500. 
ARC-12677 



~~ Tangential-Entry Injector With Internal Reed Valve 
The pressure drop as a function of flow can be changed by design. 

Marshall Space Flight Center, Alabama 

A liquid-spray-injecting device provides 
a designed pressure drop versus rate of 
flow to help in metering the flow. The device 
can be used, for example, to provide a wide 
range of throttleability for liquid fuel inject­
ed into a combustion chamber or engine. 

The device includes a cylinder with tan­
gential entry slots and an internal reed 
valve (see Figure 1). The tangential entry 
imparts a swirling motion to the liquid, 
resulting in a finely atomized liquid spray 
when the liquid reaches the discharge end 
of the injector. The reeds in the reed valve 

Reed 

vary the cross-sectional flow areas of the 
tangential entry slots by deflecting in re­
sponse to the pressure of the flowing liq­
uid. This variation alters the pressure-ver­
sus-flow characteristic. 

The reed valve is a thin sheet of metal 
with partial cutouts, rolled up into a cylin­
der. The partial cutouts define the reeds. 
Windows at the ends of the reeds provide 
fixed minimum cross sections for flow. In 
fabrication, the reed valve is inserted in the 
cylinder that has the tangential entry slots, 
and a cover is brazed onto one end of the 

(Partial Cutout) Window 

5~ 
\ R"d REED VALVE UNROllED 

INJECTOR 
(EXPLODED SIDE VIEW 

IN LONGITUDINAL 
CROSS SECTION) 

Valve 

Injection­
Element 
Tube 
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Entry Slot 

Reed at 

Minimum _---'\. 
Opening in 

Low Flow 
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in High Flow INJECTOR IN OPERATION -

AXIAL VIEW 

Figure 1. A Reed Valve is placed inside a tangential-entry flow injector to provide a 
variable orifice. 

cylinder. 
At low pressure drop, the reeds remain 

undeflected, so that the windows predomi­
nate as the flow-metering cross sections. 
When the pressure exceeds a specified 
first design value, the reeds deflect, pro­
viding varying flow-metering cross sec­
tions. When the pressure drop reaches a 
second, higher design value, the reeds at­
tain maximum deflection, and any further 
increase in pressure drop fails to cause 
further deflection because the metering 
cross section shifts from the reeds to the 
tangential entry slots. 

Figure 2 shows the pressure-vs.-flow 
characteristics of this device and of a com­
parable device of fixed cross section. The 
pressure drop varies with the square of the 
flow below the first and above the second 
design value, and linearly with the flow 
between these two design values. 

This work was done by George B. Cox, 
Jr. , of Pratt & Whitney for Marshall Space 
Flight Center. For further information, Cir­
cle 112 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 20]. Refer 
to MFS-28547. 

c. e o 
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£ 
Injector With 
Reed Valve 

Rate of Flow 

Figure 2. The Pressure-vs_-Flow Charac­
teristic of the device of Figure 1 can be 
chosen by design to provide a wide range 
of throttleability. 

~J Measuring Large Circumferences More Precisely 
Potentially attainable preciSion exceeds that of a measuring tape or micrometer. 

Marshall Space Flight Center, Alabama 
An optoelectromechanical gauge meas­

ures the circumference of a large object 
with a resolution of about 10- 4 in. (about 
2.5 J-Lm) . It was designed to measure cir­
cumferences of large solid-rocket-motor 
cases precisely but can just as well be 
used to measure circumferences of other 
large, round objects like tanks. It could also 
measure the distance between two marks 
on the edge of a plate or along a beam 
or track. 

56 

The figure illustrates the gauge mounted 
on the upper rim of a large, vertically 
oriented round cylinder. The gauge frame 
rests on the rim or on optional edge rollers 
that, in turn, rest on the rim. A measuring 
wheel is held by a constant-force spring 
device against the cylindrical surface, the 
circumference of which is to be measured. 
Two inside rollers and two outside rollers 
provide rolling contact with the cylinder 
and help to guide it around the rim. The 

inside, outside, and edge rollers are mount­
ed in fixed positions on the frame. 

A disk like those used in compact-disk 
recording marked in an angular-position­
indicating code is mounted on the side 
of the measuring wheel. A laser reader 
mounted on the frame senses the passage 
of the marks as the disk rolls along the 
surface. The reader sends the code sig­
nals to a microprocessor, which counts 
each mark, records the direction of rota-
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The Laser Reader 
Detects Code Marks 
on the side of the 
measuring wheel. 
The passage of the 
marks indicates the 
distance traveled by 

. the wheel as it moves 
around the circumfer­
ence of the cylinder. 
The principle can be 
used to measure the 
inside as well as the 
outs ide circumfer­
ence. 

tion, and computes the distance traveled. 
The distance is displayed electronically 
and/or printed on paper. 

This work was done by Louis E. Moore 
and Ernest E. Rogers of Thiokol Corp. for 
Marshall Space Flight Center. No fur-

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

Studies of Positive­
Position-Feedback Control 

Damping of vibrations was 
increased substantially 
in experiments. 

A report discusses theoretical and 
experimental studies of positive-position­
feedback control , a technique intended 
primarily for use in suppressing vibrations 
in large flexible structures. Positive-posi­
tion-feedback control involves the place­
ment of actuators and position or strain 
sensors (e.g. , piezoelectric transducers), 
possibly collocated in pairs, at a number 
of points on a structure; control voltages 
are applied to the actuators in response 
to the outputs of the sensors processed 
via a compensator algorithm. The com­
pensator algorithm implements second­
order differential filter equations of the 
same form as those that describe the vi­
brations of the structure. The coupling be­
tween the structure and compensator is 
called " positive position feedback" be­
cause the forcing terms in the differential 
equations for the vibration-mode position 
coordinates of the structure and filter, re­
spectively, are proportional to the vibration­
mode position coordinates of the filter and 
structure, respectively. 

One of the advantages of positive posi­
tion feedback is that it provides global sta­
bility conditions that are independent of the 
dynamical characteristics of the structure; 
that is, vibrational modes that are not con­
trolled or not represented in the mathe­
matical model of the structure do not 
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ther documentation is available. 
Inquiries concerning rights for the com­

mercial use of this invention should be ad­
dressed to the Patent Counsel, Marshal/­
Space Flight Center {see page 20]. Refer 
to MFS-28564. 

destabilize the system. Furthermore, posi­
tive-position-feedback control is not de­
stabilized by the finite dynamics of the 
actuators. 

This study focused on an aluminum 
cantilever beam 12.5 in. (31 .8 cm) long, 
0.648 in. (1 .65 cm) wide, and 9.5 mils (0.24 
mm) thick, equipped with two actuatorl 
sensor pairs near its clamped end. Vibra­
tions were excited by shaking the clamped 
end. Equations for the dynamics of the 
beam were derived, and the correspond­
ing filter parameters were extracted. Sever­
al experiments were performed: In one ex­
periment, one sensor/actuator pair was 
used, and one filter was tuned to control 
the first bending mode at about 5 Hz. In 
another experiment, one sensor/actuator 
pai r was used, and three filters were used 
to control the first three modes. In yet 
another experiment, one actuatorlsensor 
pair and one filter were used to control the 
first, second, and third bending modes, 
while the other sensor/actuator pair and 
another filter were used to control the 
fourth , fifth, and sixth bending modes. 

The results of the experiments demon­
strate that it is feasible to suppress vibra­
tions by use of positive position feedback 
and that the spillover of vibrational energy 
into uncontrolled modes can have a sta­
bilizing effect if the control gain is suffi­
ciently small. The experimental positive· 
position-feedback control of the cantilever 
beam was found to multiply its damping 
ratios in various bending modes by factors 
that ranged from 2 to 130. 

This work was done by James L. 
Fanson and Thomas K. Caughey of Cal­
tech for NASA's Jet Propulsion Labora· 
tory. To obtain a copy of the report, "Posi­
tive Position Feedback Control for Large 
Space Structures," Circle 76 on the TSP 
Request Card. 
NPO-18074 
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CFD Simulations of 
Sonic Booms in 
Near and Mid Fields 

Experiments confirm 
the accuracy of simulations. 

A report discusses the use of computa­
tional fluid dynamics (CFD) to simulate nu­
merically the generation and propagation 
of sonic booms in the near- and mid-field 
regions of supersonic flows about simpli­
fied bodies representative of advanced 
airplanes. The principal motivation for this 

study lies in the need to design such air­
planes to minimize sonic booms experi­
enced by observers on the ground. The 
design strategy calls for shaping an air­
plane in such a way that the mid-field pres­
sure disturbance (e.g., a finite-rise shock) 
is retained on the ground before it turns 
into an N-shaped overpressure-versus-time 
disturbance of the type that is character­
istic of noisy sonic booms. To effect this 
strategy, it is necessary to compute the 
near- and mid-field flows accurately. 

In this study, the parabolized Navier­
Stokes equations were applied to steady 
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supersonic flows about a cone/cylinder 
body, a low-aspect-ratio wing, and a thin 
fuselage-like body with a sharp nose and 
two delta wings. The parabolized Navier­
Stokes equations in these cases offer two 
important advantages: (1) The required 
computing time and computer memory 
are reduced below what would otherwise 
be needed because the equations can be 
solved by a space-marching rather than 
by a time-relaxation technique, and (2) 
because the parabolized Navier-Stokes 
equations are valid in both the viscous and 
inviscid regions of the flow field , the in­
teractions between these regions are 
taken into account automatically. 

Two limitations arise from "paraboliza­
tion" of the full Navier-Stokes equations. 
The fi rst is that the streamwise viscous 
terms are neglected. The second is that 
the streamwise component of velocity 
must be positive everywhere: this excludes 
streamwise separation of flow but still per­
mits crossflow separation. 

The parabolized Navier-Stokes equa­
tions were integrated by use of an implicit, 
approximate-factorization, finite-volume al­
gorithm in which the crossflow inviscid 
fluxes were evaluated by Roe's flux-dif­
ference-splitting scheme. First, the near­
field solutions were obtained by applying 
the algorithm to the flows immediately sur­
rounding the bodies. These solutions were 
transferred to computer codes based on 
Whitham's F-function theory (in which F 
is an integral that represents a distribution 
of sources that causes a given isentropic 
axisymmetric flow at a given distance from 
the airplane) for extrapolation to the far 
field. 

These computations were performed on 
grids of various degrees of fineness and 
compared with data from wind-tunnel ex­
periments performed with the three bodies 
in question. It was observed that a large 
number of grid points was needed to re­
solve the interactions between the tail 
shocks and the fan expansions, and that 
adequate resolution of these two regions 
of the flows near the bodies was neces­
sary for accurate representations of the far­
field overpressures. Consequently, there­
after a solution-adaptive-grid procedure 
was used and found to produce accurate 
solutions with half as many grid points. 

This work was done by Samson H. 
Cheung of MCAT Institute and Thomas A. 
Edwards and Scott L. Lawrence of Ames 
Research Center. Further information 
may be found in AIM paper 91A-12512, 
"Application of CFD to Sonic Boom Near­
and Mid-Field Prediction." 

Copies may be purchased [prepayment 
required] from AIM Technical Information 
Service Ubrary, 555 West 57th Street, New 
York, New York 10019, Telephone No. (212) 
247-6500. 
ARC-12855 
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Machinery 

Bearing Cartridge Designed To Reduce Wear 
Independent preloads would be applied to two races. 

Marshall Space Flight Center, Alabama 
A bearing cartridge that holds the outer 

races of two ball bearings in a turbopump 
is designed to prevent unloading of the 
bearings during operating transients. The 
cartridge and bearings are intended to 
replace two ball bearings, the outer races 
of which are mounted in a cylinder called 
the "isolator" and which are pre loaded by 
a single spring mount that holds the 
isolator and reacts radial loads. 

The figure shows the old and the pro­
posed new designs. In the old design, the 
bearings can become unloaded when the 
pair of bearings slides axially in the bore 
of the isolator during axial transients of the 
shaft and inner races mounted on the 
shaft. The moment applied to an outer 
race as it moves along the isolator may 
cause unloading or excessive excursion 
of the balls on the side opposite that of 
the loaded balls. It is necessary to elimi­
nate unloading because unloading has 
been found to initiate wear. 

Spring Mount 
of Isolator 

In the new design, the outer races would 
be mounted in a cartridge that would slide 
axially in the bore of the isolator during 
transients and that would force the outer 
races to move with it as a pair. The car­
tridge would include two integral seal-type 
spring members that would apply inde­
pendent preloads to the two outer races. 
The outer surface of the cartridge would 
be barreled slightly to allow the bearings 
to be loaded nearly evenly in the presence 
of misalignment between the shaft and the 
components that support the bearings. 

The spring members in the cartridge 
would be able to undergo twice as much 
deflection as does a beam spring in the 
old design, without requiring additional 
space. At a sufficiently large deflection, the 
point of contact between the affected 
spring and outer race would move from 
the spring pad to a pOint on the member 
closer to the bore of the cartridge, thereby 
effectively shortening the spring and mak-

ing it stiffer so that it would offer a greater 
impediment to further travel. In other words, 
the affected bearing would "bottom" in the 
cartridge before the other one would be­
come unloaded. 

Another advantage of independent pre­
loads on the two bearings is that deflec­
tions of one bearing would not affect the 
other bearing directly. In comparison, bear­
ings preloaded against each other impose 
unwanted moments on each other; result­
ing in misalignment. Another advantage of 
independent preloads is that the influences 
of differences between the internal clear­
ances in the two bearings (caused by dif­
ferences between temperatures) and of 
differences between the radial loads on 
the two bearings would be eliminated. 

This work was done by Eric J. Krieg of 
Rockwell International Corp. for Marshall 
Space Flight Center. For further informa­
tion, Circle 52 on the TSP Request Card. 
MFS-29807 

Isolator 

Inner 
Race 

Spring 
Pads 

Note: Outer race 
bottoms here, 
limiting deflection. 

OLD DETAIL NEW 

In the Old Design, the bearings can become unloaded during axial transients of the shaft and inner races. In the new deSign, one 
bearing would "bottom" in the cartridge before the other would become unloaded. 

Dual-Roll Robotic Wrist-Joint Assembly 
The jOint provides two concentric rotations: one limited, the other unlimited. 

Goddard Space Flight Center, Greenbelt, Maryland 
A compact robotic wrist-joint assembly 

(see Figure 1) includes two motor subas-

NASA Tech Briefs, August 1992 

semblies (see Figure 2) that provide two 
concentric output rotations about the axis 

of the wrist: 
1. An outer output flange on the front face 
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Robot Arm 

Figure 1. The Dual-Roll Wrist-Joint Assem· 
bly is mounted on the end of a robot arm. 

of the wrist-joint assembly is rotated to, 
and held at, any predetermined roll angle 
within a limited range of ±180~ This mo­
tion provides the required roll orientation 
to the end effector of the robot, which 
is mounted on the outer flange. 

2. An inner output flange concentric with 
the outer output flange is capable of un­
limited rotation relative to the outer flange. 
This motion is used to drive a rotary tool 
(e.g., a milling cutter or a nut runner like 
the one shown in Figure 1) in conjunc­
tion with the operation of the end effector. 
The wrist-joint assembly includes a rear 

mounting flange that is used for attach­
ment to the end of the robot arm. The rear 
motor subassembly drives the outer out­
put flange in the limited rotation relative 
to the rear mounting flange; the front motor 
subassembly drives the inner output flange 
in the unlimited rotation relative to the 
outer output flange. Each motor subas­
sembly includes a concentric rotor and 
stator and a harmonic drive. Harmonic 
drives are preferred over other gear drives 
for this mechanism because they operate 
without backlash and are compact, relia­
ble, and light in weight. 

The train of torque-coupling compo­
nents between the outer output flange and 
the rear motor assembly includes a torque 
transducer, the output of which could pro­
vide control feedback for such applications 
as tightening bolts to specified torques. An 
angle resolver at the output of the rear 
motor subassembly provides feedback for 
control of the roll angle of the outer flange. 
A flat, flexible cable provides the electrical 
connections between the stationary hous­
ing and the front motor, which rotates with 
the outer flange. The cable is wound in a 
spiral that provides enough slack to ac­
commodate the ±180° range of rotation 
of the outer output flange. 

A brake disk is connected to the rear 
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PART OF SECTION A·A, 

SHOWING ELECTRICAL 

CONNECTIONS TO FRONT MOTOR 

Front Motor 
Subassembly To On ___ Inner 

Output Flange 

Motor 
Housing 

Rear 
MotOr Subassembly 

To Ol'l'o'e Outer 
Output Flange 

Figure 2. The Rear and Front Motor-Drive Subassemblies provide, respectively, (1) 
controlled angular positioning of the outer output flange over a range of ±1800 and 
(2) unlimited rotation of the inner output flange relative to the outer output flange. 

motor shaft. Normally, the brake disk is 
squeezed between two brake pads to pre­
vent rotation of the rear motor shaft, har­
monic drive, and outer output flange. To 
free the rear motor subassembly for rota­
tion to a new commanded roll angle, a 
brake solenoid is energized to pull on an 
armature that, in turn, pulls one of the 
brake pads away from the brake disk. 
Once the outer output flange reaches the 
new commanded roll angle, as sensed by 
the angle resolver, the solenoid is deener­
gized and the brake applied. 

This work was done by John M. Vranish, 
Paul W Richards, and Peter D. Spidaliere 
of Goddard Space Flight Center. For fur­
ther information, Circle 4 on the TSP Re­
quest Card. 

This invention is owned by NASA, and 
a patent application has been filed. In­
quiries concerning nonexclusive or ex­
clusive license for its commercial develorr 
ment should be addressed to the Patent 
Counsel, Goddard Space Flight Center 
[see page 20). Refer to GSC-13307. 
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Improved Regenerative Sorbent-Compressor Refrigerator 
The efficiency of the regenerative portion of the cooling cycle would be increased. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
the sorption compressors, thus regenerat­
ing almost all of their sensible heat and 
about half of their heats of adsorption. This 
system has very little thermal gradient in 
the heated and cooled compressors, and 
thus is more efficient than previous regen­
erative sorption system. 

A conceptual regenerative sorbent­
compressor refrigerator would attain a 
regeneration efficiency and, therefore, an 
overall power efficiency and coefficient of 
performance greater than those of many 
conventional refrigerators. 

The improved refrigerator could be 
powered by electricity, oil , gas, solar heat, 
or even waste heat. The concept has been 
partly verified by computer simulation, and 
tests have been started. Refrigeration sys­
tems designed according to this concept 
could be used as air conditioners, refriger­
ators, and heat pumps in industrial, home, 
and automotive applications. 
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DETAIL OF REFRIGERATION STAGE 

A Wave of Regenerative Heating and Cool, 
ing would propagate cyclically like a peri­
staltic wave among the four sorption com­
pressors and their associated heat 
exchangers. 

NASA Tech Briefs, August 1992 

The refrigerator would include two flu id 
loops. In one loop, a non-Olone damaging 
working fluid, CH2FCFs (also known as Re­
frigerant 134a or R134a), would be circu­
lated by physical adsorption and desorp­
tion in four activated-charcoal sorption 
compressors. In the other loop, a liquid or 
gas coolant (e.g., oil) would be circulated 
by a pump. The coolant loop would be used 
to pass hot and cold wavefronts through 

The figure illustrates schematically the 
operation at one of four phases of the op­
erating cycle. (The phases propagate in se­
quence among the four sorption compres-

3801 North Rose Street 
Schiller Park, IL 60176-2190 
Illinois: 708-671 -6670 
FAX: 708-671 -9469 
Call Toll Free: 1·800·833·3156 

For More Information Circ le No, 500 
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sors.) In this phase, the heater under heat 
exchanger 4 would be turned on to heat 
compressor 3 to a temperature of about 
400 of (204 0c) while coolant valve 1 would 
be opened to cool compressor 1 to about 
100 of (38°C). 

The heating in compressor 3 would 
cause the working fluid to be desorbed at 
a pressure of about 9.5 atm (0.96 MPa), 
while the cooling in compressor 1 would 
cause the working flu id to be resorbed 
down to a pressure of about 3.3 atm (0.33 
MPa). Thus, the working fluid would flow 
from compressor 3 through an expansion 
valve where the fluid is cooled and accepts 
heat from a room (air conditioning), and 

finally to compressor 1. 
Based on actual adsorption data , the 

cooling coefficient of performance is esti­
mated to be about 1.5, which is about half 
the efficiency of an electrical vapor-com­
pression cycle. Gas heat, however, costs 
4 times less than electrical power, primari­
ly because power-generation cycles are 
so inefficient. Thus, this improved refrigera­
tion system should cost about half as 
much to operate as traditional refrigera­
tion systems do, and, including power gen­
erating costs, it should consume noticeably 
less energy. 

This work was done by Jack A. Jones 
of Caltech for NASA's Jet Propulsion 

Helicopter Rotor Blade With Free Tip 
Vibrations are reduced while efficiency is increased . 
Ames Research Center, Moffett Field, California 

Free-tip rotor blades can improve signifi­
cantly the fuel efficiency and other per­
formance characteristics of helicopters. 
Rotor free tips resemble the free-tip wing­
lets that have resulted in improved per­
formance when added to fixed wings. The 
application of the free-tip concept to 
hel icopter rotors was proposed in 1980, 
and tests indicate no technical impediment 
to further development. 

The free-tip rotor concept is so called 
because the outermost portion of the rotor 
blade pivots independently with respect to 
the inboard portion of the blade about a 
pitch axis parallel to the blade axis, located 
slightly forward of the aerodynamic center 
of the tip (see figure). The centrifugal force 
of the tip acts on a tensionltorsion strap 
made of wire wrapped repeatedly around 
two spools. The tension and the elasticity of 
the wires make the device act as a torsion 
spring that biases the tip nose-up. The 
relative airstream tends to turn the tip 
nose-down, and the balance of torques 
causes the tip to "weathervane" to an in­
termediate angular position that results in a 
net positive aerodynamic lift. 

cent less power in the free-tip condition 
than in the locked condition; at higher 
speeds, a reduction in the effects of com­
pressibility reduces the power consump­
tion even more. 

The peak vibratory flapwise blade-bend­
ing moments and the oscillatory loads go­
ing into the control system were 40 and 70 
percent less, respectively, in the free-tip 
than in the fixed-tip condition. These large 
reductions are attributed to the fact that 
the outer 10 percent of the blade span 
sweeps through 57 percent of the area of 
the rotor disk that makes the dominant 
contribution to the OSCillatory blade loads. 

Free-tip technology can be applied to tilt 
rotors and tail rotors as well as to helicop­
ter rotors. Other benefits include the fol-

TenslonfTorslon Strap 

Spools 

Laboratory. For further information, Cir­
c/e 128 on the TSP Request Card. 

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

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

Refer to NPO-18211, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 

lowing: 
• Reduction of 15 to 20 percent in sensitivity 

to gusts and 
• Opportunities for design as in the use of 

thin tips for lower compressibility power 
and suppression of noise and in the use of 
highly swept tips without resultant high 
control loads at high speeds. 

This work was done by Robert H. Straub 
and Larry Young of Ames Research Cen­
ter and Matthew Cawthorne and Char/es 
Keys of Boeing Vertol Co. For further infor­
mation, Orcle 21 on the TSP Request Card. 

Inquiries concerning rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel, Ames 
Research Center [see page 20]. Refer to 
ARC-12151. 

The tensionltorsion strap can be modi­
fied easily to obtain numerous torque­
vs.-angle relationships. It is designed to 
apply a nearly constant pitch moment that 
causes the tip to generate a nearly con­
stant lift as it travels around the azimuth . 
This reduces the fluctuation in lift, with two 
major beneficial effects: Flapwise vibra­
tory loads on the blade and vibratory loads 
on the blade pitch-control mechanisms are 
reduced, while the negative lift produced 
by an advancing fixed tip is eliminated, thus 
reducing the amount of power required to 
achieve the same overalilift . 

DETAil OF FREE·TIP ASSEMBLY Tra iling Edge 

A scale-mode l four -blade rotor of 
2.546-m radius with free tips at the outer 10 
percent of the radius was tested in a wind 
tunnel , both with the tip free and with the tip 
locked to simulate a fi xed-tip blade. At 
cruise speeds, the blade consumed 12 per-
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ROTOR BLADE WITH FREE TIP 

Wire WrapPed 
Around SPOOls 

In a Resin Matrix 

DETAIL OF TENSIONI 
TORSION STRAP 

The Free Tip on a hel icopter rotor blade pivots about a pitch axis near the leading edge. 
It provides a nearly steady lift , thereby reducing vibrations and power consumption . 
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I I Fabrication Technology 

Ultrasonic Probe for In Situ Inspection of Welds 
Defects can be detected while the workpiece is still mounted for welding. 

Marshall Space Flight Center, 

Alabama 

An end effector on a welding robot con­
tains an ultrasonic transducer for inspec­
tion of the welds. An ultrasonic transducer 
detects such flaws as tungsten inclusions 
and lack of penetration of the weld. The 
end effector is used to determine the quali­
ty of a weld immediately after the weld has 
been made, while the workpiece is still 
mounted on the welding apparatus; the 
weld can be reworked in place, if neces­
sary. The delay caused by the paperwork 
and setup involved in returning the work­
piece for rework is thereby avoided. 

'The end effector can be mounted on any 
standard gas/tungsten arc-welding torch, 
including one equipped with a through-the­
torch vision system. Its length is the same 
as that of a long gas cup with electrode. 

A set of extension springs stabilizes the 
transducer and ensures that its elastomer­
ic dry-couplant pad sits squarely on the 
weldment surface. The transducer can be 
rotated 3600 and locked into alignment 
with the weld bead. A small force-actuated 
switch halts downward travel of the robot 
arm toward the workpiece and sets the 
force of contact between the transducer 
and the workpiece. 

This work was done by Jeffrey L. Gilbert 
and Vincent Y. Paternoster of Rockwell 
International Corp. for Marshall Space 
Flight Center. For further information, Cir­
cle 110 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 20J Refer 
to MFS-29842. 

Extensiol) 
Springs 

Transducer 
Pad 

The Ultrasonic End Effector is installed on the welding torch in place of the gas cup 
and electrode, and used to inspect the weld. The elastomer-covered transducer makes 
contact with the weld bead. 

Vacuum Plasma Spraying Replaces Electrodeposition 
Fabrication times and costs are reduced. 

Marshall Space Flight Center, Alabama 
Vacuum plasma spraying can be used 

to fabr icate large parts that have compl i­
cated contours and inner structures, with­
out uninspectable welds. The technique 
greatly reduces both the time and the ex­
pense of fabrication. In the case of the 
Space Shuttle main engine combustion 
chamber, for example, it has been esti-

NASA Tech Briefs , August 1992 

mated that vacuum plasma spraying will 
reduce the cost of fabrication by about 
$1.7 million and the time required for 
fabrication by 2 years. [Fabrication of the 
combustion chamber by the older method 
costs $4 million (1990 dollars) and takes 
4 years.] 

Although this particular combustion 

chamber is an extreme case, it serves to 
illustrate the advantages of the vacuum­
plasma-spraying method for the fabrica­
tion of complicated machine and instru­
ment parts in general. 

In the first step of the older method, a 
spin-cast Narloy-Z (or equivalent) billet is 
forged into an hourglass to form the liner 
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Magnetostrictive Terfenol-D is redefining peak transducer 
and actuator performance. By overcoming the limitations of 
past technology, yesterday's impractical or impossible 
design can now become today's reality. 

Actuators and transducers produced with Terfenol-D pro­
vide totally controllable, high-energy performance ... at low 
voltage, with micro-second response and unlimited life 
cycles ... over broad frequency and temperature ranges. 
Terfenol-D also offers the highest strain or dimensional 
change of any commercially available product. 

For more information on Terfenol-D powered transducers, 
actuators, m~terials and 800-327-7291 
systems design, call: 

ETREMA PROOUCTS, INC. 
A Subsidiary of EDGETechnologies, Inc. 

306 South 16th· Ames, IA 50010 
ETRE"'A PRODUCTS, INC. 515/232-0820 • FAX: 515/232-1177 

For More Information Circle No. 592 

PILOT 
COATING 
SERVICES 

BRING YOUR DEVELOPMENT PROJECf TO 
THE INDUSTRY'S MOST ADVANCED 

PILOT COATING FACILITY. 

• Multiple coating methods 
• 12" to 32" web width 
• Class 1000 clean room 
• Advanced process controls 
• On-line measurement 
• Real-time data logging 

Discover the technical sophistication that 
has made Rexham the world's leading custom 

coater. Call toll free or fax for more information. 

REXHAM 
~'- - , 
INDUSTRIAL 

PO Box 368, M atthews, NC 28106 
Tel SOOI736-9171 Fax 704/845-4333 

For More Information Circle No. 521 
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LONGITUDIN ... L CROSS SECTION OF PLASMA·SPR ... Y GUN 

The Wall of a Combustion Chamber is built up on the inside of an 
outer nickel-alloy jacket by plasma spraying. Particles of the metal to 
be sprayed are partially melted in the plasma gun and thrown out at 
supersonic speed toward the deposition surface. 

of the combustion chamber. Axial cooling channels are ma­
chined into the liner, then filled with wax. The filled channels and 
adjacent surfaces are covered with a thin layer of electrodepos­
ited copper, on which a thicker layer of nickel is electrodepos­
ited. The electrodeposition of nickel can take as long as 2,000 
person-hours. 

When the deposition of the nickel wall has been completed 
and the wax channel filler melted away, the halves of a thick 
forged nickel-alloy "clamshell" are attached by electron-beam 
and tungsten/inert-gas welding. The clamshell is attached to 
the liner by brazing. Then the coolant manifolds are welded to 
the top and the bottom of the combustion chamber. 

In the newer method (see figure), the chamber is formed 
from the outside in, instead of from the inside out as in the older 
method. A layer of Narloy-Z is plasma-sprayed on the inner 
surface of a nickel-alloy outer jacket. Cooling channels are 
machined into the layer, and a temporary filler material is 
placed in the channels. Then plasma spraying is resumed to 
cover the channels and form the inner wall of the chamber. 

This filler material is removed by etching. Mild steel is a 
promising filler. It leaves smooth channels and can be etched 
away by use of hydrochloric, phosphoric, or sulfuric acid, which 
does not attack Narloy-Z. 

In comparison with the older method, the vacuum plasma­
spray method produces a much stronger bond between the 
grooves and the covering layer that completes the channels 
and the wall of the combustion chamber. In burst tests, the bond 
withstood a pressure of 20 kpsi (about 140 MPa}-three times the 
allowable limit for units made by the old method. 
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This work was done by Richard R. 
Holmes, Chris Power, David H. Burns, Ron 
Daniel, and Timothy N. McKechnie of Mar· 
shall Space Flight Center. For further in­
formation, Circle 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, Marshall 
Space Flight Center [see page 20]. Refer 
to MFS-28569. 

Tape-Smoothing Tool for Adhesion Tests 
A hand-held device assists in the application ~~ of the correct pressure. 

Marshall Space Flight Center, Alabama 
A small tool (see figure) helps to smooth 

out an adhesive tape uniformly to ensure 
consistency and repeatability of tape-peel 
tests of the adhesion of paint to a substrate. 
The tool, abcut the size of a cigarette lighter, 
is designed for ease of holding and handling. 

The part of the tool that presses on the 
tape is a ring-shaped pad of soft polyure­
thane covered with an ultra-high-molecu­
lar-weight polyethylene fabric that resists 
wear and allows the tool to slide easily. An 
internal spring helps to regulate the force 
applied by the pad to the tape. Before use, 
the tool is calibrated with a 5-lb (2.3-kg) 
weight . The threaded indicator button is 
turned until the spring just begins to yield 

Guide 

! I I . 
o I 
LflMn\ J1\:1\ t\,;~:un I 
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under this weight. 
To perform the tape-peel test , the techni­

cian first applies a strip of masking tape 
6 in. (15.2 cm) wide to the surface to be 
tested. The technician presses the pad of 
the tool against the tape so that the indica­
tor button shows that the calibrated force 
is being applied, then passes the tool twice 
along the tape. Finally, the tape is pulled 
away from the surface at an angle of 90°. 

This work was done by Peter B. Allen 
of Martin Marietta Corp. for Marshall 
Space Flight Center. For further informa­
tion, Circle 50 on the TSP Request Card. 
MFS-28599 
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From This Sur face When 

ASSEMBLED TOOL 

This Mushroom·Shaped Tool includes a resilient pad covered with a tough, smooth fabric. 
When its indicator button projects above the stem, the correct force is being applied. 

3M Introduces 
Heat Shrinkable 
Cable Shield 
Terminators 
Meet MIL-S-83519 for 
one-step soldering of 
ground wires to cable 
shielding 

AUSTI , Tex. - New 3M brand MIL­
S-835 19 shield terminators prov ide an 
insu lated, environmentally protected 
strain relieved solder termination. 

A red thermo­
ch rom ic ind icator 
is incluued in the 
solder flux. When 
ufficient heat has 

been provided for 
complete melting 
it becomes color­
less, thus helping 
the technician 
know the so l­
dered j o int i s 
complete. 3M shield terminalOrs 

are ava ilable in five di­
ameters with and with­
out pre- installed ground 
leads per MIL-S-83519. 

Six alpha nu­
meric characters 
in contrasting ink 

prov ide MIL spec marking that are 
clearly v isible before and after appLication 
to ass ist quality control inspection . 

Env i ron menta II y and mechan icall y 
protected older connect ions are the 
result of a three part process: 
I. The outer leeve shrinks 
2. The solder preform melts and fl ows, 

completing the connect ion 
3. The thermo plastic insert melts to 

provide a seal 

To aid in the correct application of 
these heat shrinkable hield terminator , 
3M offers heating devices, MP-700 for 
hot air, ST-3000 for infrared. 

The completed assembly prov ides 
thermal and elec tri ca l insulation, 
identi fication , trai n rei ief, moistu re 
sea ling and chemica l protection. 

For more information contact a 3M 
Electr ica l Specialties Div i ion represent­
at ive or authori zed distributor or ca ll 
1-800-322-7711 . 

3M Electrica l Specialties Divi sion 3M 
PO Box 2963 
Austin , Texas 78769-2963 . 

NASA Tech Briefs, August 1992 For More Information Circle No. 436 67 



Making Crystal Filaments From Extruded Ceramic Rods 
Ceramic or metal fibers can be produced at low cost. 

Lewis Research Center, Cleveland, Ohio 
A process produces single-crystal fibers 

of ceramic or metal, at a cost lower than 
that of previous methods. In the new proc­
ess, a single-crystal filament is drawn from 
the tip of an extruded polycrystalline rod. 
The filaments can be used as reinforcing 
fibers in composite materials. 

were cut into small slices that were ground 
into rods precisely square in cross section. 
Each rod was ~ 4 in. (10 cm) long. Each 
cost about $200 (1989 prices) and took 4 
to 5 weeks to purchase. 

In contrast , the extrusion process pro­
duces 20 or more rods in about an hour 
and saves an estimated $100,000 per year. 
It produces longer rods from which longer 

Previously, the rods were prepared from 
hot-pressed full-density disks. The disks 

HOW TO EXTEND 
YOUR CAD POWER 
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fibers can be drawn. Moreover, it can po­
tentially feed the single crystal fiber draw­
ing process directly. Continuous filaments 
can be made, and the material will not be 
subjected to contamination from storage 
and transfer to the drawing machine. 

In the new process, ceramic or metal 
powder is mixed with solvent and a binder 
and extruded into rods 0,01 to 0.05 in. (0.25 
to 1.27 mm) in diameter, The rods are heat­
ed as they are extruded to evaporate the 
solvent and possibly to sinter the ceramic 
powder. 

The rod is fed into a float-zone apparatus 
in which a pair of focused laser beams 
melt the tip of the rod, Since a rod is 
smoothly handled by the feed mechanism 
and is rigid, it can be precisely positioned 
in the laser beams. The heat of the lasers 
drives off the volatile binder from the ma­
terial and sinters it just before it melts, An 
oriented single-crystal seed fiber of the 
same material as that of the feed rod is 
brought in contact with the moltens feed 
rod tip, forming a stable liquid zone be· 
tween the single crystal seed and the feed 
rod. The single crystal seed is withdrawn 
at a controlled speed and carries with it 
a filament emanating from the single 
crystal seed. The filament has the same 
crystal orientation as the single crystal 
fiber drawing. 

The diameter of the filament depends 
on the diameter of the feed rod and the 
relative speed of the rod and fiber, A 0,030-
in. diameter feed rod that is about 60 per­
cent dense will form a 0.023 in, single 
crystal at a relative-speed ratio of 1:1. If 
the ratio of the motions is changed to 4:2, 
the 0.030-in, feed rod would produce a 
single crystal 0.016 in. in diameter. 

Alternatively, the extrusion material can 
be formulated so that it is flexible after 
being extruded and dried. It can then be 
wound on spools and uncoiled as it is fed 
to the drawing machine. A Single-crystal 
filament more than 1,000 ft (300 m) long 
can be drawn from one coil. A patent ap­
plication for this technology is in process. 

This work was done by Leonard J. 
Westfall of Lewis Research Center. For 
further information, Circle 125 on the TSP 
Request Card. 

This invention is owned by NASA, and 
a patent application has been filed. In­
quiries concerning nonexclusive or ex­
clusive license for its commercial develop­
ment should be addressed to the Patent 
Counsel, Lewis Research Center [see 
page20}. Refer to LEW-14921, 

NASA Tech Briefs , August 1992 



Obtaining Patterns of Holes in Directional Couplers 
Impressions of holes are taken in talcum powder. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A simple technique enables the repro­
duction of the pattern of holes in the hidden 
common wall of a microwave directional 
coupler. The technique is also applicable 
to other equipment that contains inacces­
sible holes in a common wall between ad­
jacent tubes. The tubes can be cylinders 
of round, rectangular, or otherwise-shaped 
cross section. To enable the use of the 
technique, at least one of the tubes must 
be straight. 

One surface of a section of waveguide 
narrower than the interior of the straight 
section of the directional coupler is covered 
with clear double-sided adhesive tape. This 
section is inserted in the straight section 
of the coupler, and held in place with wood 

Coupling 
Holes 
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DIRECTIONAL COUPLER CONTAINING 

HOLES TO BE MEASURED 

~-I ---, 
Cover one face of narrower 

waveguide with clear 
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Excess JJ: 

Tape 
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in directional coupler and hold 
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Invert, pour In talcum powder. 
and shake vigorously. 

PROCEDURE FOR TAKING POWDER 
IMPRESSIONS OF HOLES 

Spots of Talcum 
Powder on Sticky Tape 

on Narrower Wavegu ide 

)0 0 ffffJ 0 0 ) 
Remove wedges and carefully 
withdraw narrower waveguide. 

TOP VIEW 

The Talcum-Dusting Procedure yields a pat­
tern of powder on adhesive tape that shows 
the sizes of distances between interior 
holes. Later, the microwave coupler can be 
cleaned with water or compressed air. 
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wedges (see figure). Talcum powder is 
poured into a port of the bent section of 
the coupler, and the assembly is shaken 
vigorously to distribute the powder. The 
wedges are removed, and the inserted 
section of waveguide is carefully withdrawn 
from the straight section. The double-sided 
tape now contains an accurate reproduc­
tion, in talc, of the hidden coupling holes. 

of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Cir­
cle 86 on the TSP Request Card. 

This work was done by Raul M. Perez 

This invention is owned by NASA, and 
a patent application has been filed. In­
quiries concerning nonexclusive or ex­
clusive license for its commercial develo{r 
ment should be addressed to the Patent 
Counsel, NASA Resident Office-JPL [see 
page20). Refer to NP0-18454. 

ARE YOU SPENDING 
TOO MUCH TIME 

DRAWING FLOWCHARTS? 
YOU NEED FLOW CHARTING ™3. 

Every day, professionals worldwide save time 
and money using Flow Charting 3. It's fast, 
efficient, ea y to use, and always produces 
presentation-perfect charts and diagram . 

With Flow Charting 3's built-in flexibility, 
you can create cu tom ized charts using a 
variety of hape , line ,and text-
placed where you want them. 

Plu , Flow Charting 3 is now available in a 
LAN version. Making it ea y to share files and set 
up work groups for specific projects_ 

And it's backed with free technical support and a 
90-day no-risk guarantee. So if you're spending too 
much time drawing chart, call for a free demo and 
see for yourself what makes Flow Charting 3 the 
best- elling flowcharting software. 

u 
o 

See your dealer today! Or for a 
free interactive demo disk,call 
1-800-525-0082, ext. 2908_ 
Internalional: 408-778-6557 , ext. 2908. 

PAl ION & PAl ION 
Soltware CorporatIon 

'o~ell i! a rtgisle~ Inde:mark or No"e.Il, Inc.. 
Excellence in charting the flow oj ideas! 

Patton & Patton Software Corp. 485 Cochrane Circle, Morgan Hill , CA 95037 

For M ore Informat ion Circle No. 499 
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Lunar Habitat Would Be Assembled in Space 
Living quarters for a crew of 12 would be built into a used propellant tank. 

Langley Research Center, Hampton, Virginia 

A conceptual lunar habitat would be 
built inside an external tank from the Na­
tional Space li'ansportation System (NSTS) 
spacecraft. The NSTS spacecraft consists 
of an orbiter, external tank, and two solid 
rocket boosters. The solid rocket boosters 
are used for approximately 2 minutes dur­
ing each launch and are recovered for 
reuse. The external tank is an expendable 
structure used for approximately 8 V2 
minutes during each launch to provide 
enough liquid oxygen and liquid hydrogen 
to the main engines of the orbiter to place 
the orbiter into low orbit around the Earth. 

Heretofore, the external tanks have been 
jettisoned immediately prior to insertion 
into low orbits around the Earth. The tanks 
have subsequently tumbled and broken up 
in the atmosphere before falling over open 
seas. In the lunar-habitat concept, the ex­
ternal tank would be placed in orbit and 
the hydrogen tank would be separated 
from the intertank, leaving a unit consisting 
of the liquid-oxygen tank and the intertank 
that could be outfitted as a lunar habitat 
(see figure). 

The tank would be inserted into low orbit 
around the Earth, where it would be par­
tially disassembled and outfitted as a 12-
person lunar habitat. The modifications to 
the liquid-oxygen-tank-intertank unit would 
utilize existing structures and openings for 
access by humans without compromising 
the structural integrity of the tank. The 
modifications would include the installa­
tion of living quarters, instrumentation, and 
an air lock. Thermal-control, environment­
al-control life-support, and propulsion sys­
tems would also be added. 

The habitat would be designed for un­
manned transport to low orbit around the 
Moon and autonomous soft landing on the 
surface of the moon. At Space Station 
Freedom, a resource node, an air lock, and 
environmental-control and life-support 
modules would be added to enable the 
maximum use of intravehicular activity. Ad­
ditional aids for assembling the habitat at 
the Space Station Freedom would include 
an orbital maneuvering vehicle and a 
mobile servicing center with robotic end 
effectors, which would minimize the 
amount of extravehicular activity required 
to outfit the habitat. 

Post-landing operations prior to occu­
pancy would include erection of a radiator 
panel , the installation of an auxiliary power 
system, and the addition of a regolith for 
shielding against solar energetic particles 
and galactic cosmic radiation. The regolith 
could be added to the cavity between the 
micrometeoroid shield and the wall of the 
tank. The regolith would also provide addi-
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The Lunar Habitat, shown here as it would look after landing on the Moon, would be 
made by outfitting a used NSTS external propellant tank. 

tional thermal insulation and protection 
against meteoroids. The radiator panels 
would be positioned vertically, approximate­
ly 15 m from and connected to the lunar 
habitat, and oriented parallel to the plane 
of the solar ecliptic. 

The habitat would then be ready to 
house a crew of 12 for as long as 70 days 
between resupply missions. The lunar 
habitat is expected to become feasible 
by the year 2000 with the concurrent de­
velopment of a space transfer vehicle and 
manned cargo lander for exchange of 
crews and resupply. 

This work was done by Charles B. King, 
Ansel J. Butterfield, and Warren D. Hypes 
of Bionetics Corp. ; Lisa C. Simonsen of 
Planning Research Corp.; and John B. Hall, 
Jr., A. Don Scott, Jr. , and John E. Nealy 
of langley Research Center. Further in­
formation may be found in NASA TM-4212 
[N91-14251). "Single Launch l..1Jnar Habitat 

Derived From NSTS External Tank." 
Copies may be purchased [prepayment 

required] from the National Technical In­
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. Rush 
orders may be placed for an extra fee by 
calling (800) 336-4700. 

Title to this invention has been waived 
under the provisions of the National 
Aeronautics and Space Act [42 U.s.c. 
2457(f)). to The Bionetics Corp. Inquiries 
concerning licenses for its commercial 
development should be addressed to 

Charles H. Burr, Esq. 
The Bionetics Corp. 
Tenth Floor, Suite 1000 
Harbour Centre Building 
2 Eaton Street 
Hampton, VA 23669 

Refer to LAR-14234, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 
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~ Mathematics and 
~ Information Sciences 
Recognizing Patterns in Log-Polar Coordinates 
The log-Hough-transform method offers economy of representation and computation _ 

Lyndon B. Johnson Space Center, Houston, Texas 

The log-Hough transform is the basis of 
an improved method for the recognition 
of pattems - particularly, straight lines -
in noisy images_ The log-Hough transform 
is so named because it is derived by syn­
thesis of a modified Hough transform with 
a log-polar coordinate system that is used 
to represent the raw image data_ The re­
sulting unification of the iconic and Hough 
domains simplifies computations in the 
recognition of lines and eliminates the er­
roneous quantization of slopes attributable 
to the finite spacing of the Cartesian coor­
dinate grid of the classical Hough trans­
form_ The method can be implemented in 
hardware and/or software_ 

The log-polar representation is already 
well established in imaging technology and 
science: Log-polar coordinates are the 
ray-ring coordinates of experimental po­
lar-exponential image arrays of charge­
coupled-device (CCD) photodetectors. 
NASA's Johnson Space Center has several 
varieties of video remappers, which can 
convert image data from Cartesian CCD 
arrays to the log-polar representation at 
video frame rates. The eye-to-brain map­
ping is log-polar except in the fovea. The 
in-place-processing and scale-invariant 
properties of the log-Hough transform may 
well have significance for the neurophysi­
ological architecture of human vision . 

The definition of some terms and a de­
scription of the modified Hough transform 
are prerequisite to an explanation of the new 
method. A straight line in the image or in the 
Cartesian representation of the image be­
comes a curved line in the log-polar domain 
(see figure). This curved line is denoted the 
"log line" for short. The leftmost point of 
the curve, called its "apex," represents the 
point of closest approach of the Cartesian 
straight line to the origin of the Cartesian 
coordinates. The Cartesian straight line 
through a given point of closest approach 
to the origin is called the "apical line" of 
that point, and the log line of which a given 
point is the apex is called the "apical log 
line" of that pOint. The scale invariance of 
the log-polar representation manifests itself 
in the identical shape and orientation of 
all log lines; log lines differ from each other 
only in location. The modified Hough trans­
form of a Cartesian straight line is its apex 
in the log-polar domain. The modified 
Hough transform of a Cartesian point is 
the mirror image, reflected about a vertical 
line through the point in the log-polar do-
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main, of the apical log line of that point. 
The new method prescribes the follow­

ing algorithm for the recognition of a 
straight line. 
(1) By edge detection or other suitable 

means, select candidate points in the 
log-polar image that may lie on edges 
or lines. 

(2) Construct the mirror image of the apical 
log line of every candidate point (the 
modified Hough transform of every can­
didate point). 

(3) Accumulate a histogram, in the log-polar 
domain, of the intersections between the 
mirror-image apical log lines constructed 
in step 2. 

(4) Select the highest bin in the histogram. 
The underlying point is the apex of the 
log line corresponding to the recognized 
Cartesian straight line. 
The log-Hough transform is equally ef­

ficient in recognizing curves other than 
straight lines. For example, in the log-polar 
domain, hyperbolas, parabolas, and cir-

Books and Reports 
These reports. studies. handbooks are avail­
able from NASA as Technical Support Pack­
ages (TSP's) when a Request Card number 
is cited ; otherwise they are available from the 
National Technical Information Service. 

Spurious Solutions of 
Nonlinear Differential 
Equations 
Numerical solutions can 
converge to incorrect values 
in some circumstances_ 

A report utilizes the nonlinear-dynamics 
awoach to investigate the possible sources 
of errors and slow convergence and non­
convergence of steady-state numerical s0-

lutions when using the time-dependent ap­
proach for problems containing nonlinear 
source terms. This interdisciplinary re­
search belongs to a subset of a new field 
of study in numerical analysis sometimes 
referred to as "The Dynamics of Numerics 
and The Numerics of Dynamics". This 
report is the first of series of research 
papers under the same topic. The hope 
of the authors is to reach researchers in 
the field of computational sciences and, 
in particular, computational fluid dynamics 
(CFD). Although the studies of nonlinear 
dynamics and chaotic dynamics for non­
linear differential equations and for discrete 
maps have independently flourished for 
the last decade, there are very few in­
vestigators addressing the issue of the 
connection between the nonlinear dynam-

. ical behavior of the continuous systems 
and the corresponding discrete map (dif­
ference equation) resulting from finite-dif­
ference discretizations. It is important to 
realize that these nonlinear discrete maps 

7'> 

cles are copies of the log line respective­
ly scaled by the factors Y2, 2, and -1 . Log­
Hough algorithms for recognizing these 
figures are thus identical to the algorithm 
described above, with appropriate scaling 
of construction templates. Generalization 
to other geometric entities requires prop­
er interpretation of their log-polar trans­
forms. Regardless of the patterns to be 
recognized, scale and rotation invariance 
are automatic in this coordinate system. 

The rotation and scale invariance of the 
log-polar mapping eliminates the need to 
process most data related to orientation 
and scale. Another advantage of the log­
polar domain is the reduction in the num­
ber of picture elements in the peripheral 
field of view. The log-Hough transform is 
more amenable to massively parallel com­
puting architectures than is the traditional 
Cartesian Hough transform. The "in-place" 
nature of the log-Hough algorithm makes 
it possible to apply local pixel-neighbor­
hood processing as in a " silicon retina." 

can exhibit a much richer range of dy­
namical behavior than their continuum 
counterparts can. 

The report emphasizes the implications 
for the development of algorithms in CFD 
and computational sciences in general. 
The discussion begins with introductory 
remarks, including background informa­
tion, definitions, a brief description of the 
phenomena to be stUdied, and the motiva­
tions for studying them. Next, the dynam­
ical behaviors of the discrete maps that 
arise from the time discretization of or­
dinary differential equations are studied, 
and the main results and the implications 
thereof for computational sciences are 
described. The level of complexity of the 
discrete maps that arise from finite-differ­
ence approximations of partial differential 
equations and the state of knowledge of 
this subject are described briefly. 

Next, there is a discussion of the popu­
lar misconceptions of (1) the residual test 
for convergence in steady-state solution 
via the "time-dependent" approach and 
(2) the use of the "inverse problems of 
nonlinear dynamics" to analyze the dy­
namical behavior of time-series data from 
a computer code in an attempt to learn 
about the true behavior of the solution of 
the partial differential equations of the 
system of which the time series is the 
discrete-time-sampled output. This appli­
cation of time-series analysiS can be mis­
leading, and a wrong conclusion can be 
reached if the practitioner does not know 
the solution of the partial differential equa­
tions by means other than numerical. 

The main fundamental conclusion of 
the study for problems containing non­
linear source terms is that, even in the ab­
sence of truncation and round-off errors, 
there are qualitative features of the non-

No buses are required to export data off­
retina to an external Hough domain. In­
place "drawing" of log-line templates would 
consist of enabling nearest-neighbor ex­
citation paths. Histogram bins could be im­
plemented via analog aggregation circuits. 

This work was done by Carl F. R. 
Weiman of Transitions Research Corp. for 
Johnson Space Center. For further in­
formation, Circle 105 on the TSP Request 
Card. 

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

Or. John Evans, President 
Transitions Research Corp. 
15 Great Pasture Road 
Danbury, CN 06810 

Refer to MSC-21758, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 

linear differential equations that cannot be 
adequately represented by the finite-differ­
ence method and vice versa. The discrete 
maps that result from finite discretizations 
can exhibit a range of dynamical behavior 
much richer than that of the continuum 
counterparts of these discrete maps. Spur­
ious stable as well as unstable steady-state 
numerical solutions, spurious asymptotic 
numerical solutions of higher period, and 
even stable chaotic behavior can occur 
in finite-difference solutions. A typical fea­
ture is the existence of spurious numerical 
asymptotes that can interfere with stabili­
ty, accuracy, and basins of attraction of the 
true physics of the continuum. 

The occurrence of spurious asymptotes 
is independent of whether the nonlinear dif­
ferential equation in question has a unique 
steady-state solution or additional periodic 
solutions and/or exhibits chaotic phenom­
ena. The form of the nonlinear differential 
equation and the type of numerical solu­
tion scheme are the determining factors. 
In the past, there was a tendency to ig­
nore spurious asymptotes on the as­
sumption that they all lie beyond the lin­
earized stability limits of the time step. In 
this study, it is shown that bifurcations to 
and from spurious asymptotic solutions, 
and transitions to computational instabili­
ty, not only are highly dependent on the 
problem and the solution scheme but are 
also dependent on initial data and bound­
ary conditions and not limited to time steps 
that are beyond the linearized stability limit. 

For these reasons, it is essential for 
practitioners in computational sciences to 
be knowledgeable about the dynamical 
behaviors of finite-difference methods for 
the solution of nonlinear scalar differen­
tial equations before applying these meth­
ods to practical computations. It is also im-
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portant to change the traditional way of 
thinking and practices when dealing with 
genuinely nonlinear problems. 

This INOrk was done by H. C. Vee of 
Ames Research Center, P K. Sweby of 
the University of Reading, and D. F. 
Griffiths of the University of Dundee. Fur­
ther information may be found in NASA 
TM-102820 [N90-22339], "Dynamical Ap­
proach Study of Spurious Steady-State 
Numerical Solutions of Nonlinear Differ­
ential Equations, Part 1- The ODE Con­
nection and Its Implications for Algorithm 
Development in Computational Fluid 
Dynamics." 

Copies may be purchased [prepayment 
required] from the National Technical In­
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. Rush 
orders may be placed for an extra fee by 
calling (800) 336-4700. 
ARC-12770 

Software for Computing 
Selected Functions 

Routines in the Ada language 
support scientific and 
engineering functions. 

A NASA technical memorandum presents 
a collection of software packages in the 
Ada computing language that implement 
selected mathematical functions used in 
science and engineering. It provides the 
Ada programmer with the mathematical· 
function support found in the Pascal and 
FORTRAN computing languages, plus 
support for extended-precision arithmetic 
and complex arithmetic. 

The software packages were developed 
as infrastructure for programs to be used 
in testing a new computer. They were writ­
ten under the assumption that the com­
puter conforms to the Institute of Electrical 
and Electronics Engineers 754-1985 stand­
ard for single binary floating-point arith­
metic and can handle 32-bit integers. The 
results of computations with these soft­
ware packages should be the same on the 
original intended computer or on any other 
computer that satisfies these requirements; 
this universality makes the software valu­
able for testing new computers in general, 
writing computer code for general distribu­
tion, or possibly developing new comput­
ing integrated circuits. 

The extended-precision-arithmetic soft­
ware package provides accuracy to 47 bits 
in multiplication, 46.5 bits in division, and 
48 bits in addition (single'precision arith­
metic in the IEEE 754-1985 standard is ac­
curate to 24 bits at most). The complex· 
arithmetic software package implements 
Cartesian complex arithmetic in floating­
point numbers; a complex absolute-value 
function and a complex square-root func­
tion are included. 

~IAC::1l. To,..h ~r'iofc 1J. ' lnllc:t 1QQ? 

There are two mathematical-function 
software packages: one for basic and one 
for transcendental functions. The basic func­
tions are floor (nearest integer less than 
or equal to), ceiling (nearest integer greater 
than or equal to), truncation (round toward 
zero to integer), modulo, and pseudoran­
dom number. The transcendental functions 
are the sine, cosine, exponential , natural 
logarithm, square root , arc tangent, and 
proper·quadrant arc tangent (the arc tan­
gent of x/y in the proper quadrant of Carte­
sian coordinates x, y) . 

The document includes brief descrip­
tions of the algorithms implemented by the 

software packages, with analyses of er­
rors. The software packages are presented 
in appendixes. 

This INOrk was done by David C. Grant 
of Ames Research Center. Further infor­
mation may be found in NASA TM-102256 
[N90-16423], "Basic Mathematical Func­
tion Libraries for Scientific Computation." 

Copies may be purchased [prepayment 
12quired] from the National Technical In­
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. Rush 
orders may be placed for an extra fee by 
calling (800) 336·4700. 
ARC-13117 
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The Superstar of Mathematical Software 
" csyma Now Costs $349.00* 

An Unbeatable Value on pes and Workstations 
Macsyma not only offers the most complete and reliable portfolio of mathe­
matical capabilities, it now has an unbeatable price. Macsyma's new PC version 
runs as a regular Windows 3.1 application with many improvements. 

• World's best trig simplification and best differential equation packages 
are now even stronger. Factoring of large integers is 1,000 times faster. 

• Color Scientific Graphics includes graphic windows with user controls 
for rotate, zoom, hardcopy printing, postscript output, colors, plot labels. 
Also, plotting of parameter surfaces, improved hidden line removal. 

• New screen display of special math symbols, exponents, and Greek 
letters makes output more readable. t 

• Easy-to-use hypertextt on-line help system with 1,500 text entries, 500 
executable examples and demonstrations. Function templatest indicate 
function names and argument slots. 

If you want the best mathematical software at a price the competition can't 
touch, call1-800-MACSYMA (1-800-622-7962) or FAX 617-646-3161. Quantity 
discounts and academic prices are available. ' Small workstations start at under $1 ,000. 

t only on PC at this time. 

Macsyma Inc. 
20 Academy Street , Arlington. MA 021 74 
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Books and Reports 
These reports, studies, handbooks are avail­
able from NASA as Technical Support Pack­
ages (TSP's) when a Request Card number is 
cited; otherwise they are available from the 
National Technical Information Service. 

Efflux of Nitrate 
From Hydroponically 
Grown Wheat 
Increasing the concentration 
of nitrate in the nutrient 
solution increases the 
efflux of nitrate. 

A report describes experiments to meas­
ure the influx of nitrate into, and the efflux 
of nitrate from, hydroponically grown wheat 
seedlings. Because the influx of nitrate re­
quires adenosine triphosphate and thus 
costs energy, finding conditions that re­
duce this efflux could lead to more-efficient 
utilization of nitrogen by crop plants. This 
would be particularly important for the pro-

Unmatched performance 
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in noncontact measurement. 
Our fiber-optic and capacitive 
noncontact measurement systems 
offer submicroinch resolution and 
high frequency response for a 
range of demanding applications: 

Accumeasure S~stem II 

• Vibration and modal analysis 
• Runout and bearing analysis 
• Gap and positioning control 
• Thickness measurement 
• Surface finish inspection 

Our experienced engineers are ready to help you solve your measure­
ment problems. Call us with your application: 1-800-342-2203. 

MTllnstruments 
968 Albany-Shaker Road 
Latham, New York 12110 
518n85-2464 FAX: 518n85-2806 

.. 
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!:nr Mftre Informat ion Circle No. 337 

duction of crops in a spacecraft on an ex­
tended mission - where available energy 
would be limited. 

In the experiments, wheat seedlings 
were grown hydroponically in a ~ -strength 
Hoagland's solution for 8 days in an en­
vironmentally controlled growth chamber 
at 400 p.E/m2s, at temperature of 18°C 
and 80 percent re lative humidity. On the 
7th day, they were transferred into ~­
strength Hoagland's solution (loading solu­
tion) containing nitrate (plus, in some 
cases, chlorate) at the concentration spec­
if ied for each experiment. After removal 
from the loading solution, 10 seedlings 
were rinsed in 300 mL of the efflux solu­
tion and then placed in 60 mL of this solu­
tion for specified times. The amount of 
nitrate released in each such time was 
measured by use of high-performance liq­
uid chromatography. Rates of uptake of 
nitrate and chlorate were determined from 
the rates of depletion of these ions from 
substrate solutions. 

The results of the experiments showed 
that the ratio between the efflux and in­
flux of nitrate was greater in darkness than 
in light and increased with the concen­
tration of nitrate in the nutrient solution. 
On the basis of these experiments, the 
authors suggest that a nutrient solution 
should be optimized at the lowest possi­
ble concentration of nitrate. 

The feasibility of using chlorate as a 
trapping agent (that is, as a competitive 
inhibitor of uptake of nitrate) for effluxed 
nitrate was assessed, and its toxiCity deter­
mined. The toxicity of chlorate was ap­
parent after 1 h, but little toxicity was ob­
served during nitrate-efflux experiments 
that lasted up to 20 min. Higher rates of 
efflux of nitrate were detected as the con­
centration of chlorate was increased in 
the efflux solution - perhaps because 
chlorate served as a trapping agent for 
effluxed nitrate. 

This work was done by R. C. Huffaker, 
M. Aslam, and M. R. Ward of the Univer­
sity of California at Davis for Ames Re· 
search Center. Further information may 
be found in NASA CR-177534 [N89-27346], 
"Efficiency of N Use by Wheat as a Func­
tion of Influx and Efflux of N03 -." 

Copies may be purchased [prepayment 
required] from the National Technical In­
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. Rush 
orders may be placed for an extra fee by 
calling (800) 336-4700. 
ARC-12628 
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Air~raffic Controllers 
Evaluate the 
Descent Advisor 
An automation aid is found 
to assist controllers without 
restricting them unduly. 

A report describes a study of the perform­
ance of the Descent Advisor algorithm, a 
software automation aid intended to assist 
air-traffic controllers in efficiently spacing 
traffic and meeting specified times of ar­
rival at designated positions (called "meter­
ing fixes") in the sky. The Descent Advisor 
is based partly on mathematical models 
of weather conditions and the perform­
ances of aircraft. It generates suggested 
clearances, including top-of-descent points 
and speed-profile data, for one or more air­
craft to attain specific time or separation­
distance objectives. The interface between 
the Descent Advisor and the controller is 
a mouse-based, menu-driven computer­
terminal display that enables the controller 
to use the predictive capability of the De­
scent Advisor to resolve conflicts and 
issue advisory notices to the pilots of arriv­
ing aircraft . 

This study focused on the operational 
characteristics of the Descent Advisor, 
with specific attention to how the Descent 
Advisor can be used for the intended pur­
poses of prediction, spacing, and meter­
ing. The experimental part of the study in­
volved the use of the Descent Advisor by 
both currently employed and retired air­
traffic controllers in a computer simulation 
of air traffic approaching Denver's Staple­
ton International Airport. Controllers fol­
lowed the procedures of the Denver Air 
Route Traffic Control Center and operated 
in teams of two as they do at present -
one monitoring a radar display of traffic, 
the other entering information onto flight 
strips and operating the computer key­
board. When using the Descent Advisor, 
the controller who normally operated the 
keyboard used the mouse instead. 

Evaluations by the controllers indicated 
considerable enthusiasm for the Descent 
Advisor and provided specific recommen­
dations for using it effectively. One mem­
ber of the two-member controller team for 
each arrival sector used clearances gen­
erated by the Descent Advisor, while the 
other used manual flight strips as in cur­
rent practice. When the controllers en­
countered problems that fell outside the 
domain of the Descent Advisor, they used 
conventional vectoring techniques to es­
tablish the desired spacings, then re­
sumed the use of the Descent Advisor 
without difficulty. 

Controllers used the Descent Advisor 
in various ways, some relying heavily on 
time-line data, others concentrating on the 
auxiliary information provided directly on 
maps. Thus, even in the initial evaluation, 
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operation was sufficiently flexible that con­
trollers did not feel that the Descent Ad­
visor restricted them. 

One major issue in the continued de­
velopment of the Descent Advisor and 
other automation aids is the need for ade­
quate training to ensure that evaluations 
by controllers are meaningful. The Des­
cent Advisor as evaluated is not simple; 
nor are the controllers accustomed to the 
sophisticated display format in which it 
was presented. Adequate time should be 
allowed for training, and there is a need 
for the development of a step-by-step train­
ing strategy. In addition, it was found that 
working with a group of controllers for a 
considerable time was effective in en-

abling these controllers to train other 
controllers to serve as subjects in the 
simulations. 

This work was done by Leonard Tobias, 
Uwe Volckers, and Heinz Erzberger of 
Ames Research Center: Further informa­
tion may be found in NASA TM-102197 
[NB9-25981], "Controller Evaluations of the 
Descent Advisor Automation Aid." 

Copies may be purchased [prepayment 
required] from the National Technical In­
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. Rush 
orders may be placed for an extra fee by 
calling (BOO) 336-4700. 
ARC-12622 

A Special Notice 
to Readers of 

NASA TECH BRIEFS 
Please be advised that the Teledyne Relays 
advertisement appearing in the April 1992 
issue of NASA TECH BRIEFS magazine 
(Reader Action No. 348) contains an error. 
Teledyne Relays inadvertently stated that our 
TO .. 5 relays are qualified to "r', "M" and "P" 
levels of MIL .. R .. 39016. At the current time, 
our maglatch TO .. 5 relays are qualified to "r' 
and "M" levels of MIL .. R .. 39016 only. 

We regret any inconvenience caused by this 
oversight. 

~TELEDYNE RELAYS 

1:' __ u ____ 1_. _____ .: ____ "'.1 ___ 1 __ u __ ..... 
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Fiber-Based Materials 

offer limitless possibilities 
When you need exceptionally high tempera­
tures, low thermal conductivity or resistance 
to chemical attack, choose one of Zircar's 
Zirconia fiber-based materials. Bulk fibers, 
flexible textiles, rigid boards or cylinders: 
nobody knows how to take Zirconia to the 
limit like 

76 

A Graphite / Metal Alloy: 
1) Self-lubricated ... no oil, no fumes, 

odor or sparking. 
2) Low/High temperature .. . minus 400°F. 

to over 750°F. 
3) Low coefficient of friction ... solid 

GRAPHALLOY throughout. 
4) Submerged .. . no expansion or wash­

out in most liquids even to molten metal. 
5) High Loads. Will not cold flow. 
6) No Corrosion. Withstands most 

environments. 
7) Low coefficient of thermal expansion. 
8) High Speeds . .. for pumps, centrifuges. 

YOUR Bearing PROBLEM? We have SOLUTIONS! 

GRAPHITE METALLIZING Corporation 
1050 Nepperhan Ave., P.O. Box 110, YONKERS, NY 10702 

Tel 914-968-8400· Telex 13-1571 • FAX 914-968-8468 

For More Infonnatlon Circle No. 392 

New on the Market 

Omega Engineering Inc., Stamford, 
CT, has released IPC-XPERT, data 
acquisition software that transforms 
a PC into a process monitor and 
control workstation. The IPC-XPERT 
icon-driven graphical interface can 
display data as bar graphs, radial or 
linear meters, trend lines, digital 
indicators, or animated process dia­
grams. The system supports analog 
and digital I/O, thermocouples, 
RTDs, strain gauges, and advanced 
mathematical functions. 
For More Information Circle No. 800 

An affordable 3D mouse for CAD 
applicat ions has been introduced 
by Multipoint Technology Corp., 

F-------------j Westford, MA. The MULTIPOINT 
Advanced Technology Materials 
Inc., Danbury, CT, has introduced 
a line of semiconducting diamond 
thin films that offer extreme hard­
ness, thermal conductiv ity, resis­
tance to heat and co ld , and 
the ability to adhere to various 

Zl'M mouse integrates the features of 
a conventional mouse with an inno­
vative 3-axis trackball and Z 
thumbwheel to provide six degrees 
of freedom for easy manipulation of 
3D CAD images. 
For More Information Circle No. 794 

substrates. The materials can be used 1----------------1 
in high-voltage photoconductive 
switches that allow precise im­
pulse radar imaging, diamond tran­
sistors for high-temperature and 
high-radiation environments, par­
ticle detectors, and clinical radia­
tion dosimeters. 
For More Infonnation Circle No. 798 

Finisar Corp., Menlo Park, CA, has 

Olflex Wire & Cable Inc., Fairfield, 
NJ. has announced ROBOT 900, a 
multiconductor, elastomeric-insu­
lated cable designed for use in se­
vere tortional applications . The 
cable features unique stranding and 
a specially-formulated polyurethane 
jacket for increased mechanical pro­
tection and resistance to mineral 
and synthetic oils. 
For More Information Circle No. 792 

applied innovative laser physics 1-------------1 
technology in the development of 
the first practica l gigabit-rate data 
communications links that run over 
multi mode fiber. Utilizing ordinary 
CD lasers, the components allow 
designers to build network adapters 
that can transmit data up to 1.5 
Gbits/sec. for under $1 000 with low 
bit error rates, thereby enabling ul­
tra-h igh-performance configurations 
never before economical. 
For More Information Circle No. 7% 

1--------------1 ScanTech Corp., Breckenridge, CO, 
The latest version of SmartCAM Ad­
vanced FabricationT" from Point 
Control Co., Eugene, OR, is de­
signed to model and optimize CNC 
manufacturing processes for turret 
punch presses and plasma, laser, 
and waterjet cutters. The software 
replaces traditional CNC program­
ming procedures with interactive 
modeling techniques, allowing the 
user to swiftly create, optimize, and 
alter C C processes. 
For More Information Circle No. 790 

has developed a patented sensing 
technology that can see through 
nonferrous housings such as plastic, 
aluminum, brass, and titanium to 
monitor the motion and position of 
internal components. The technol­
ogy, which is incorporated into 
ScanTech's MDS-7s0series sensors, 
uses standard data acquisition meth­
ods and requires no human inter­
vention, complex computer algo­
rithms, or special lighting. 
For More Information Circle No. 788 
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New on the Market 

The Starburst 1M, a unique high-reso­
I ution printer in troduced by Laser­
techn ics, Albuquerque, NM, can 
produce either continuous-tone im­
ages u ing dye diffusion thermal 
transfer or d ithered images using 
therma l wax transfer. It can also 
generate black and white prin ts or 
transparenc ies in both modes and is 
PostScript-compatible. The Starburst 
has application in CAD/CAM, pre­

The MathWorks Inc., Natick, MA, 
has announced a Windows version 
of SIMULINK (previously known as 
SIMULAB), its highly-interactive CAE 
tool for simu lation of nonlinear dy­
namic systems. SIMULINK can be 
used to model rea l-world, time-vary­
ing system in e l ectrica l~ mechani­
cal, chemical, aerospace, and auto­
motive engineeri ng appl ica tions. 
For More Informalion Circle No. 782 

sen tation graphic, environmenta l l-:;;;;:::::=---~~=:::;:;~I 
sciences, industria l design, ilnd medi­
ca l imaging. 
For More Informat ion Circle No, 776 

A credit-card-size, solid-state cam­
era for mon itoring industrial and 
scientific tasks has been introduced 
by Marshall Electronics Inc., Culver 
City, CA. The monochrome video 
camera has a wide-angle lens, 1/3" 
sensor, 240-line resolution, and 
auto-electronic light adjustment. 
Small enough to be hidden in walls, 
built into machines, or mounted on 
enclosures, the Model V-1203 cam­
era is suitable fo r remote monitoring 
of toxic or dangerous environments 
and wherever visibility is impeded. 
For More Information Circle No. 780 

LABTECH, Wilmington, MA, has 
announced real-time multitasking for 
Windows with its NOTEBOOK and 
NOTEBOOK/XEsoftware. A user can 
collect data, display it in real time, 
simultaneously log the data to a disk, 
and perform triggering and control 
decisions based on the data. Since 
they providegap-freesampling, both 
programs are suitable for applica­
tions where I/O points must be moni­
tored and updated continuously. 
For More Information Circle No. 774 

Fngis Corp., W heeling, IL, has de­
veloped a quick two-s tep process for 
scratch-free, stress-free fin ishes on 
advanced ceramic parts. Titanium­
carbides, 95%+ alumina ceramics, 
aluminum oxide- titanium carb ides, 
and si licon require such finishes for 
electron ics and other high-tech ap­

f-~------------; plicalio!1s. The process, whirh rp­
duces cyc le ti mes by hal f, util izes a 
micron-size diamond slurry to es­
tablish su rface fla tness and a co lloi­
dal pol ish to prevent scratches. 
For More Information Circle No. 784 

Solid oxide fuel cell (SOFC) techno l­
ogy developed by Ceramatec Inc., 
Salt Lake Ci ty, UT, promi>es cost­
effic ient. environmentally-safe en­
ergy sources sca leable to both com­
mercia l and household appl ications. f-------~-----1 
Ceramatec's new planar fuel cel l Haydon Switch and Instrument Inc., 
utilizes a ceram ic conductor to COI1- Waterbury, CT, reports that patented 
vert methane into electrici ty and is technOlogy used in its 6200 series 
virtually noise-, vibration-, Jnd main- switch has quadrupled the life ex­
tenance- free. pectancy of sealed switches to more 
For More Informat ion Circle No. 786 than 100,000 cycles. Employing a 

1---------------1 one-piece switch blade and special 
Cyberware, Monterey, CA, has in­
troduced a 30 scanner that offers 75 
points/i nch resolution to capture 
minute details of an object's shape 
and color. Images are captured in 13 
seconds without touching the object 
and displayed instantly on a graph­
ics work tation. Dubbed the 3030/ 
HIREZ, the scanner enables novel 
applica tions in such fields as pack­
age model ing, reconstructive sur­
gery, and medical appl iance design. 
Resea rchers can study highly-accu­
rate 3D images of fragi le objects 
rather than the objects th mselves. 
For More Information Circle No. 772 
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alloy contacts, theswitchesareavail­
able with several contact materials 
to accommodate high current and/ 
or low current and with a choice of 
actuators and electrical terminations. 
For More Information Circle No. 778 

ANVIL CASES ..• BUILT FOR 

AIR, lAND & SEA 
• M.A.C.C. cases - military application 
cases and containers meet or exceed 
the stringent testing of 
MIL-STO-810 

• A.T_A. cases meet or 
exceed the Air Transport 
Association specification 
300 Category 1 standards 

• CUstom measuring and designing available • Building quality cases since 1952 

call Today For More Information 

15650 Salt Lal<e Ave., Cily of Industry, CA 91745 · PO. Box 1202, La Puente, CA 91747 

(800) FLY·ANVIL (800) 359-2684 

For More Information Circle No. 650 

Thermofoir 
Heater / Sensors 

FIT 

< 

Medical diagnostic instrumentation • Aerospace devices 

FUNCTION 
Flexible heaters have their own built-in temperature sensors for fa t 
response and tight control. 

• Kaplon, silicone nlbber, polyester insulation 
• Resistance thermometers with platinum and other elements, 

thermocouples, and thermistors 
• Irregular shapes and profiled heat patterns adapt to any heat sink 

7300 Commerce Ln. 
Minneapolis, M N 
55432-3177 USA MINCO 

PRODU C TS , INC . 

Phn: 6121571-3121 
Telex: 687-9025 
FAX: 6121571·0927 

For More Information Circle No. 541 77 



This brochure gives 
you detailed infor­
mation about the 
industry's finest 
noise killers­
SONEXacoustical 
sheets, baffles 
andceilingtiles. 
Foryourfree 
copy, use 
the reader 

service 
number 

below.Oreali 
this numbertoll-free 

today. 1·800·662·00n. 
illlHvck 

C 1991 .illbnx.k.Inc:. 

For More Information C ircle No. 466 

Columbus to Columbia 
1492-1992 T-Shirt 

This T-shirt de­
sign says it all-
500 YEARS OF 
FREEDOM IN 
AMERICA. The 
Santa Maria sail­
ing on the ocean 
against a burst of 
golden sun and 
blue sky . The 
Columbia shuttle 
soars in the fore­
ground. In splen­
did four-color. 
Only $12.95 

----------------Ptease send Cotumbia T-shirts at 512.95 (quantity) _______ _ 
Circle size(s) S M L XL 
Add 55.00 for shipping and handling charges 
Orders from $51.00 to $100.00 add shipping 
and handling charge $8.50 
(NY residents all sales tax to total) TOTAL ENCLOSED _______ _ 
Name _____________________ _ 

Company ____________________ _ 
Address ____________________ _ 

City/State/Zip ~=--:-::-:--:--=----,--=-.,....,.-=-...,....,-:-.,..-::--...,_----
Mail to: NASA Tech Briefs, Dept. F, 41 East 42nd Street 

New York. New York 10017 
For credit card order call (212) 490-3999 
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New Literature 

Auerback Publications, ew York, 
Y, ha released Technology Man­

agement: Case Studies in Innova­
tion, a collection of 34 hands-on 
case tudies analyzing the range of 
ISSUes that mu t be addre sed for 
productive, profitable technology 
development and transfer . Thirty 
Indu try experts explain the tech­
nology management strategie and 

, techniques used bytoday's most suc­
cessful companies. 
For More Information Circle 0.710 

~4-page catalog from Analogic 
Corp., Peabody, MA, describes data 

. . . acquisition products ranging from 
Resistive products are featured In a I those with 12- to 16-bit accuracies 
d~tabook from IRC Inc., Boone~ NC. at 50 kHz throughput to those pro­
II Includes a surface mo~nt cyllndn- viding true 16-bit accuracies at ac­
cal CHP resistor; TaNFd.m surfa~e quisition speeds up to 1 MHz. Many 
mount, SIP, and DIP precISion res IS- of the acquisi tion boards con tain 
tors and net~ork;, and hlgh~voltage I analog output capabilities, counter­
precl.slon reSistors. Alsodescnbed are timers, and digital I/O. Also featured 
speclal~purposeproductssu~hasllne are expansion, analog output, and 
feed resistors fortel~ommunlcatlons, signal cond itioning boards. 
and CirCUit-protection, current-sens- For More Information Circle No. 702 
ing, and fuse resistors. 
For More Information Circle No. 712 

Literature from Saguaro Scientific 
Corp., Tucson, AZ, describes its in te­
grated fiber optics communica­
tions and electro-optics instruction 
kit. Called the Laser Tools and Tech­
nics LF-4310, the kit's 20 labs ad­
dress basic principles from cutting 
fiber to use of lock-in amplifiers and 
interferometers. 
For More Information Circle No. 708 

Small Parts Inc., Miami Lakes, FL, 
has published a 272-page catalog of 
hard-to-find components, materials, 
and tools for R&D applications. Fea­
tured items include hypodermic tub­
ing in 304 or 316 stainless teel in 
most gauges from six to 33, Teflon 
tubing in standard and thin wall, 
shrink Teflon tubing in two shrink 
ratios, and stainless steel guide wire. 
New items include stain less steel 
TORXZ screws in in h and metric 
sizes and tapered and metric-sized 
dowel pins. 
For More Information Circle No. 704 

ewport Corp., Fountain Valley, CA, 
has published a 550-page precision 
laboratory products catalog high­
lighting 30 new products, including 
the Liquid-Crystal Light Control Sys­
tem, theULTRAlign'Mfamilyofstain­
less steel positioners, optical meters 
and detectors, and the PMC400 ad­
vanced multi-axis motion contro l­
ler. Fiber optics, electronic instru­
ments, and vibration control table 
systems are also des ribed. 
For More Information Circle No. 714 

The new data acquisition catalog 
from Keithley Instrumen ts Inc., 
Taunton, MA, includes board old 
under the Keithley MetroByte brand 
name, Keithley Asyst software, and 
WORK-HORSE'M industrial acqui-
ition and control products. The 288-

page catalog features 24 new prod­
ucts, including the DAS-1600, a 100 
ksample/sec analog I/O board with 
expanded digital and analog out­
put capabi lity, and the 8-channel, 
1 MS/sND DAS-580fferingsimulta­
neous sample and hold and 1 mega­
word on-board memory. 
For More Information Circle No. 706 
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A T-SHIRT WARDROBE 
Dreams To Reality-a striking design in full­
color. Featuring blueprints of the National 

Aero-Space Plane and Space Station 
Freedom with a shuttle liftoff saluting 

America's space 
achievements. 

Price $12.95 

Endeavor-Commemorate the Maiden 
Voyage of NASA's new space shuttle! 
The ship stands out against the sun. the 
earth. and the stars. All in full color. 
Colorfully printed words 'MAIDEN 
VOYAGE' appear in red and skyblue. 
Price $12.95 
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chOrge-S8.SO 

NY residents add sales tax to 10lal _________ _ 

Grand Total _______ __ 

Name 

CompanY _______________________________________________________ _ 

Addre~ _________________________________________________________ __ 

Clty/StatelZlp _______________ -:-_______ :-:-_______ _ 

Send poyment to: 

NASA Tech Briefs, Dept. F, 41 E. 42nd St., #921 , NY, NY 10017 
For Credit Card orders call: 212-490-3999 



~....,,_MARKETPLACE To Advertise-Call 

THE EASY CHOICE 
490-3999 

This illustrated complete 
line catalog includes 

component parts for jigs 
and fixtures, chuck jaws, 

plug gauges, threaded 
inserts, stainless steel 

tooling components, 
toggle clamps, 

SWIFTSURE power 
workholding devices, drill 
jig bushings, locking pins, 

and modular fixtu ring. 
Completely illustrated. 

r:=_-=-_-.::.Send for your free copy. 

106-PAGE 
CATALOG 
describing 
industry's most 
complete line 
of optical metrology 
and viewing instruments. 

Complete information on x-y tables, microfinish­
ing equipment, toolmakers microscopes, stereo 
microscopes, alignment microscopes, monocu­
lar zoom microscopes, micro telescopes, pocket 
microscopes, borescopes and mini borescopes, 
fibre optic and miniature illumination systems. 
Also described are centering microscopes and 
projectors, alignment microscopes, optical cut­
ting tool geometry analyzers, depth and x-y axis 
measuring microscopes. 

TITAN TOOL SUPPLY CO., INC. 
68 Comet Ave., Buffalo, NY 14216-9985 

Phone: (716) 874-0073 Fax: (716) 873-9996 

For More Information Circle No. 595 

VGA TO VIDEO SCAN CONVERTER 

COCONUT™ 
_ Smallest, software-free scan converter 
available _ Converts VGA to Composite, 
RGB and S-Video _ Flicker-free _ NTSC, 
PAL & Universal AC Supply Standard 
_ Only $1595., 1 year warranty 

@] Communications 
I21lC}SQecialties, Inc. 
TEL: 516-273-0404 FAX: 516-273-1638 

For More Information Circle No. 347 
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Micro-Link s VME203 SBC makes your design 
chOice easy. Available In several configurations. 
VME203 prices start at less than Sl .025 in 100 
piece quantities. OptIOns Include 68EC030 or 
68030. FPU. 1 or 4 MB of ORAM with transparent 
refresh. burst mode Cache. up to 1 MB of EPROM, 
two RS-232 serial ports. and clock speeds of 16, 
32 and 40 MHz. VME203 software support 
Includes Mlcroware OS-9®, CrossCode® C 
FreeForm,\J and Microbug II. 

Mlcro·Llnk 
Call For Your Free Configuation GUide: 

1-800-428·6155 US & Canada 
1·317 -846·1721 International 

SC/Fox,m Embedded-System Computers 
SC/FOX VME sac (Single Boa rd Computer) 18 MIPS. 60 MIPS bursl , 
Renera l.purpose. slot· 1 MaslerlSlave Syslem Coni roller. Up 106401( bytes o· 
\'IS memory. I SCSI, , ptr. 2 senal port~ Uses 16-bll Harris RTX 2000. 

SC/fOX PeS (Panlld CoprocftSOr System) 1 5 MIPS. 50 MIPS bu~. f{eneral 
purpc:>Se PClAT/386 plug· in boord. 12K 101M byte O-ws SCatlC tnemOf'y. 

muillple PCS operallOn. SCSI <>pilon Uses Harris RTX 2000. 

SC/fOX SSC (Sing~ Board Computer) 18 MIPS, bO MIPS bu~. Stand-alone 
operaiton. Eurocard size. 1 ptr. l serialport, upl0512KbytesO-wsmemof)'. 
2 50-pm user connectors. SCSI opllon . Uses HarriS RTX 2000. 

SC/FOX PeS32 (Pilrallel CopfocHsor System 32) 15 MIPS 10 70 MIPS, Ren­
era I-purpose PClAT/386 32-bll plug-tn board wllh b4K 101M byte ()..WS 
slaltC memory. U~ 32-bi1 scn Forth mKroprocessor 

Ideal fOI embec:k:ted real·llme control . dala acqulsillon, or hIgh-speed proc­
esSlnR. forlh soiiware included. C optional OEM pncing. 

SILICON COMPOSERS INC (415) 322-8763 
208 California Ave., Palo Alto, CA 94306 

For More Information Circle No. 488 

Intelligent Data 
Acquisition 

Microstar Laboratories Data Acquisition 
Processor™ has on-board intelligence: a 
real-time software environment for quick 
development and fast operation. It runs 
under DOS, Windows, or OS/2. Learn about 
this new hardware and software solution 
from a leader in the field . Free color catalog 
includes an easy-to-use approach to DSP. 
Call now - 206-453-2345. 

Microstar LaboratOries, Inc. 
2265 116th Avenue NE 
Bellevue, WA 98004 MICROSTAR 
Tel (206) 453·2345 
Fax (206) 453-31 99 LABORATORIES-) 

For More Information Circle No. 450 

Fuzzy logic 
C

. It MS Windows-based tool 
ublCalc for non-programmers 

Simulate system response using 
built-in expression interpreter or 

apply fuzzy rules to file data 
Plot results or log numerically 

CubiCalc RTC for programmers includes 
run-time compiler and deployable modules 

Also available ... 
The OWL Neural Network Library 

HyperLoglc Corporation 
1855 East Valley Parkway, Suite 210 

Escondido, California 92027 
Tel 6191746-2765 Fax 6191746-4089 

FREE! 
130 

Page 
Catalog 

"Optics 
for 

Industry" 
FrE*! 130 page product catalog from Rolyn, 
world's largest supplier of "Off-the-Shelf" optics. 
24-hour delivery of simple or compound lenses, 
filters, prisms, mirrors, beamsplitters, reticles, 
objectives, eyepieces plus thousands of other 
stock items. Rolyn also supplies custom prod­
ucts and coatings in prototype or production 
quantities. ROL YN OPTICS Co., 706 Arrowgrand 
Circle, Covina, CA 91722-2199, (818)915- 5707, 
FAX (818)915-1379 

For More Information Circle No. 411 
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inSignia. Only 
$9.95 each! 

-----------Please send (insert quantity) 
one-size-fits all NASA caps. 
Add $5.00 for handling and shipping 
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PC Bus Data Acquisition 

AD1200 only $359 
• 12-bit 125 kHz AID Conversion 
• 16 Analog Input Channels 
• 3 Timers and 16 010 Lines 
• Supports DMA and Pacer Clock 
• AT Bus Version Available! 

AID, DIA , Dlglta' 110 and Timer/Counter. for PC XT 
and AT computer. · 12·blt AlO,.tes to 200 kHzl-Elghl 
boards for AAfPRO form factor CPUs • ',0 VAC '.'.y. 
opla/so/atlon, multiplexer and thermocouple boards 
• OSP and d.t. acqu/slflon software · Request your 

FREE BO page catalog today! 

rrfl:::rrIl Real Time Devices, Inc. 
U t..YJLJ State College, PA USA 

Tel.:B141234-BOB7· FAX:B141234-521B 

REAL,.TiME 
NETWORk 

The 
SCRAMNet™ 
Network com­
bines the real­
time speed of 
replicated 
shared memory 
with the 
flexibility of a 
fiber optic LAN 
to get microsec­
ond response 
from multi-vendor computers. It offers distinct 
advantages in critical simulations. Brochure 
highlights system's features. 

Systran Corp., 4126 Linden Avenue, Day1on, 
OH 45432-3068 USA. 
Phone (513) 252-5601 or 1-800-252-5601 . 

CAD/CAM 
Tooling Component Library 

Carr Lane offers the world's 
largest selection of jig-and­
fixture components. This 

2-D or 3-D CADI 
CAM library is 

compatible 
with most 
popular user 
formats and 

workstations. 
Carr Lane is the 

industry standard in tool­
ing, and right now we're 

offering special limited-time low pricing. 

For More Information Circle No. 452 For More Information Circle No. 432 For More Information Circle No_ 386 

An Innovative Approach to Attaining 
"World Class Manufacturing 

Business Performance" 

Author Gunn puts for­
ward a new nine-step 
approach to develop­
ing and implementing 
a future oriented 
manufacturing strat· 
egy. From the com­
puter-integrated en­
terprise to the open­
ended quest for qual­
ity, Gunn's program 
reflects a breadth of 
vision his experience 
has brought him. 

Only $28.00 plus $5 .00 for shipping and 

handling. NY residents add sales tax to total. 

Mail your order to: 
NASA Tech Briefs, Dept. F, 

41 East 42nd St., #921 

New York, NY 10017 

For credit card orders call (212) 490-3999 

Flexible Frame Grabber 
For The PCI AT 

• 8 to 8000 pixels per line 
• 2 to 40 MHz sampling/display rate 
• 2 to 1020 Hnes per field 
• 1 or 4 Mbytes of Reconfigurable Image 

Memory 
• StandardINonstandard VIdeo Acqulsldon 
• 6 Input VIdeo Multiplexer 
• CT, MR video capture 
• Interface to high-resolution CCO cameras 
• Extensivslibrarles and menu driven software 

®EPIX· 
3005 MacArthur Blvd., Northbrook, IL 60062 

708-498-4002 FAX: 708-498-4321 
For More Information Circle No. 675 

NASA Tech Briefs, August 1992 

LASER DIODE 
DRIVERS 

HIGH SPEED HIGH POWER 

200 mA/DIV 
10 NSIDIV 

.~ 
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Avtech offers over 80 different fast laser diode 
drivers. See our free 113·page general catalog for. 

-Peak currents from 100 rnA to 500 Amps 
-Pulse widths from 200 ps to 1 ms 
- Rise times as low as lOOps 
-Plug-in diode bias insertion units 
-Lab instrument or miniature module format 
-250 other fast pulse generators, amplifiers. 

samplers, transformers a,ld fast pulse 
accessories 

P 0 80)( 265 Ogdensburg 
New York 13669 AlITECH (315) 4725270 

HV PO Bo){S120 StallonF 

ElECTROSYSTEMS ~1,1;~;2~;;~~· K2C 3H4 

F., (613) 226 2802 

ETCHED FOIL 
HEATERS AND 

SENSORS 
RdF introduces 

new lower cost 
industrial Micro­

Foil Heat Flow 
Sensor for precise 

measurement of 
heat transfer (loss or 

. gain) through any surface material. A self-gener­
ating thermopile transducer, the heat sensor 
doesn't require special wiring, reference junc­
tions or signal conditioning. Sensors connect to 
any direct-reading dc mV meter or recorder. 
RdF's complete line of Foil Products include 
flexible , etched foil heating elements, custom 
sensors, foil thermocouples and foil RTDs. RdF's 
small or large size, low weight, and long life foil 
products can be applied to flat or curved surfaces. 

RdF 23 Elm Avenue POBox 490 
Hudson NH 03051·0490 

Tel (603) 882-5195 FAX (603) 882·6925 

For More Information Circle No. 310 For More Information Circle No. 551 

Digital Filter Design 

DSP !1P Code Generators 

DSP Software 
(800) 741-7440 

The Athena Group, Inc. 
3-124 .w. 31st Street, Gainesville, FL 32605 USA 

Tel: (9().j) 371-2567 FAX: (904) 373-5182 
pricing higher 

For More Information Circle No. 319 

MICRO CONTROllERS 
• C Programmable 
• Data Acquisition 
• Control/Test 
• Excellent Support 
• From $159 Qty 1 
• New Keyboard 

Display Modules 

Use our little Giant'" and Tiny GiantT" miniature control· 
lers to computerize your product, plant or test department. 
Features built·in power supply, digital I/O to 48+ lines, 
serial VO (RS232 I RS485), AID converters to 20 bits, 
solenoid drivers, time of day clock, battery backed 
memory, watchdog, field wiring connectors, up to 8 X 40 
LCD with graphics, and more! Our $195 inleractive Dy· 
namic CT. makes serious software development easy. 
You're only one phone call away from a total solution. 

Z-World Engineering 
1724 Picasso Ave .. Davis. CA 95616 

(916) 757-3737 Fax: (916) 753·5141 
Automatic Fax: (916) 753·0618 

(Call from your fal. request catalog 118) 
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SYNCHRONIZE VIDEO RECORDtNG WITH GPS TIME 
RECORD VIDEO WITH GPS TIME AND LOCATION 

The FP-50IGPSl generates industry standard SMPTE time·code synChroniZed to GPS tlmel 
date information from your receIver, providing a direct link between recorded video images and 
GPS tIme and locatIon stored In your GPS data logger. GPS2 adds continuous muijiplexlng 
of GPS poSition data into the user·bits of the SMPTE time-code. Priced at $968 and $1367. 
complete system also reads and video dIsplays SMPTE tfme-code, plus RS·232 2·way comm 
wilh PC, time·codevideotape 10gglOg and TC·TooIKlt'· programs. Contact HORITA Co., P.O . 
Box 3993, Mission Viejo, CA 92690 (714) 489·0240 

TECHNOLOGY WANTED 
Public Transportation Research Group seeks InnovatIve technology to Improve the efficiency 
of raIl car and transIt bus maintenance operations. Advanced technologies such as robotics 
and automated test procedures must be proven and cost ·effective. Inquiries may be dorected 
to: TransportatIon Development Corporation. 1201 New Yorl< Ave. N W .• Washington. OC. 
20005. 

THERMOSETIING 
RESINS 
Morolorlfl!l pofymef CUI 
ng vta elecUornagnelC 
ompedance 
page 44 LAFH3802 

THERMOSTATS 
Smpie "ghlWeoghl Ine! 
momechanocaf coupIong 
page 53 GSC 13251 

TOOLS 
Tape·smooohong !ooI Iof 
ac:tlesoo tesls 
page 67 MFS·28599 

TRIINSCENDENTAL 
FUNCTIONS 
SoilWare Iof ~Iong 
seK!cled tunctJOnS 
page 73 AAC-13117 I 
TRIINSFORMATIONS 
(MATH EMATICS) 
Recognatng paltems an 
log-polar COOfolnates 
page 71 MSC21758 

TRIINSISTOR 
AMPLIAERS 
SoIId·stale power 
aJrj)l,foe< !of 61 5 GHz 
page 31 GSCI3465 

TRIINSMISSION LINES 
EquatlOtlS IOf desLgmng 
Supet'conducllng 
IransmlSSlOn hoes 

page 30 NPOI8418 1 

TRIIVElING WAVE 
AMPLIAERS 
Sotld-state power 
amphfler lor 61 5 GHz 
page 31 GSC 13465 

TURBINE PUMPS 
BeafLng C8rtudge de 
Signed 10 reduce wear 
page 59 MFS·2ge07 

TURBULENCE METE. RS I 
Measuung streamwtSe 
momentum and cross 
sueam lurbulence 
page 53 AAC-11934 I 

u 
ULTRASONIC TESTS 
UltrasonIC probe lor In 
SlIU N'l$peCtLon of welds 
page 63 MFS29842 

UNSTEADY FlOW 
I_oved depoel"'" of 
~Ied unsleaoy flows 
page 54 ARC-I2677 

v 
VACUUM DEPOSITION 
Vacwm plasma spraying 
replaces 
electrOdeposlloo 
page 63 MFS·28569 

VALVES 
Tangenllal·entry In,ecIOf 
With Inlernal reed valve 
page 56 MFS·2B547 

VARACTOR DtODES 
BaHler/nln · varaclor fre· 
Quency multiplierS 
page 2B NPO-I842B 

VIBRATION DAMPING 
StudIeS 01 poSItIVe­
POSllton·lee<l:>ack contra 
page 57 NPO-I8074 

w 
WELD TESTS 
Ultrasomc pcobe tor In 
Sllu N'lspectlOl'l of wekts 
page 63 MFS29842 

WHEAT 
Eillux of nitrate hom 
hydroponocaUy g'own 
wheal 
page 74 AAC' I262B 

x 
X·29 AIRCRIIFT 
Computer ,et·englne­
monllonng system 
page 35 ARC 12776 

ADVERTISERS INDEX 
3M Electncal SpecIalties 

D,VIs,on (RAC 436), 

Algor InteractIVe Systems Inc (RAC 449) 
Amco EngIneering Company (RAC 500) 
AnVIl Cases (RAC 650) 
Apex MlCfotechnology Corp (RAC 585) 
Apollo Commemorallve Posters 
Astro·Med . Inc (RAC 602) 
Autodesk. Inc .. .. (RAC 504.420) 
Avtech Electrosystems (RAC 310) .. 
Banery Engineering. Inc.. (RAC 486) 
Carr Lane ManufactUring Co. (RAC 390.366) 
CommunIcations 

67 
44 

61 
77 
28 
46 

2 
1,68 

81 
... 51 
80.81 

SpeC!all1es. Inc . (RAC 347) 80 
Conlempory Cybernel1cs Group(RAC 322) .... . COV II 
Cyber Research. Inc (RAC 360·375) 33 
Datum. Inc. . (RAC 586) . 16 
Edge TechnologIes. Inc (RAC 592) 64 
EPIX. Inc. ...... .. (RAC 675) ..... 81 
FluoramlCS. Inc (RAC 315) 48 
Folsom Research ... (RAC 540) .. . ... 39 
Gage Applied ScIences Inc (RAC 306) 57 
Gould. Inc .. Test and 

Measurement Group 
Graphite MetallIZIng Corp 
Hardlgg Cases ... 
Houslon Instrument 
Hughes AorcraN Company 
HyperceplJon. Inc .. 
Hype,LoglC CorporatIon 
IIlbruck. Inc. ... . .... 
INCO SpecIalty 

(RAC 484) 
(RAC 392) 
(RAC 491) 
(RAC 550) . 

. (RAC 405) 
(RAC 404) 
(RAC 466) 

.13 
.... 76 

35 
. .. 21 

... 9 
. COVIV 

80 
78 

Powder Products (RAC 652) 37 
InformatIon Handling ServIces (RAC 546) . 23 
Integrated Syslems. Inc (RAC 343) 49 
Jandel SClent,flc (RAC 630-635) ....... 19 
KaIser Electropreclslon .. (RAC 327) 31 
Kaman InstrumentatIon Corp .. (RAC 492) . 47 
KeIthley MetraByte . . .. (RAC 419) . . ........ 5 
MACSYMAISYMBOUCS . . (RAC 313) .... 73 
Magtrol. Inc. . ... ........... .... (RAC 308) ... 42 
Masler Bond . Inc. ......... . .. (RAC 444) .. 74 
MathSofl. Inc. .............. . .... (RAC 421) 29 
Mlcro·Llnk Products ... (RAC 329) . 80 
Microstar Laboratories .. .........• (RAC 450) ................ 80 
MInco Products. Inc. . ...... (RAC 541) .. 77 
Modgraph. Inc. . ... (RAC 435) .. .. 45 
MTI Instruments ....... . ... (RAC 337) . . .... 74 
NASA Calendar ... 42 
NASA Cap .......... .. ....... 80 
NASA T ·Shin (ColumbIa) ........ .... ........ ... .. .. . ......... 78 
NASA T ·Shlrt Wardrobe ... ........ ...... ...... 79 
National Instruments . . ... (RAC 681) ....... 3 
Numencal Algonthms Group .. . (RAC 428) .. 36 
Patton & Panon 

Software CorporatIon ............ (RAC 499) .............. 69 
RdF Corporation ......... .. (RAC 551) 81 
Real TIme DeVIces. Inc ........... (RAC 452) .. . .. 81 
Rexham Industnal ................ (RAC 521) .. . ..... 64 
RGB Spectrum (RAC 467.469) . 
Rolyn OptICS Co. ....... . .. (RAC 411) . 
Silicon Composers, Inc .......... (RAC 488) . 
SoN Warehouse. Inc. . ...... (RAC 474) . 
Structural Research & 

AnalYSIS Corporation . (RAC 446) ... 
Systran Corpora lion .... ... ..... ... (RAC 432) 
Technology 2002 
Techron ............... . ...... .. (RAC 645,671) 
Teledyne Relays . . ... (RAC 517) 
The Athena Group. Inc ........ (RAC 319) . 
The MathWorks. Inc . (RAC 503) 
TlodlZe Company. Inc ............ (RAC 422) 
Titan Tool Supply Co • Inc ...... (RAC 595) 
ToshIba Informallon & ImagIng 

TechnologIes Group ......... .... (RAC 558) 
Velmex . Inc ... . ..... (RAC 396) ..... 
Wolfram Research. Inc. . ... (RAC 485) 
Zlfcar ProduclS. Inc ................ (RAC 621) 
Z-World EngIneering ..... (RAC 519) 

10.40 
.. 80 

. ..... 80 
18 

. .. 58 
. ..... 81 

24·25 
4.27 
. 75 

. ... 81 
7 

39 
80 

11 
...... 57 
COVill 
..... 76 

81 

' RAC stands for Reader Action Card. For 
further information on these advertisers , 
please circle the RAC number on the Reader 
Action Card in this issue.This index has been 
compiled as a service to our readers and 
advertisers . Every precaution is taken to in· 
sure its accuracy, but the publisher assumes 
no liability for errors or omissions. 

NASA Tech Broets. ISSN 0145·319X . USPS 750·070. copyright C 1992 In US .. IS published monthly by Assoc,aloc Busoness Pubhcallons Co . lid .. 41 E.. 42nd Sl . New York . NY 10017·5391 The copyroghle< 
InformatIon does not Include the (U.S. rights to) mdlVlduallech bnefs which are supplied by NASA_ Edilonal. sales . productIon and Circulation offices at 41 East 4200 Street New York . NY 10017·5391 SubscnplLol 
for non·quahfted subSCribers In the US ,Panama Canal Zone. and Puerto Alco, $7500 for 1 year; $12500 for 2 years, $200_00 for 3 years SlnglecopLes 51000 Foreign subscnptlons one-year US Funds $150 00 
Remit by check. draft. postal, express orders or VISA, MasterCard. and American Express. Other remIttances at sender's fisk. Address all commUnications lor subSCriptions Of clrculallon to NASA Tech Bnefs 
41 East 42nd Street. New York. NY 10017·5391 Second·class poslage paid at New York. NY and ackhttonal malhng offices 

POSTMASTER: please send address change. to NASA Tech Briel., 41 East 42nd Street, Suite 921, New York, NY 10017·5391 



Lynn Purser 
Orbital Dynatnics Analyst 
Huntsville, Alabama 

I admit, when I first read about Mathe-

matica, I was a little skeptical. I guess 

mathematicians are like anybody else. 

Sort of like auto workers being replaced others can 

by robots-some mathematicians were under-

skeptical of something tha t might re- s tan d . 

place them. So when my firm offered People 

an in-house training seminar on Mathe- respond to a 

ow I use Mathematica regularly. 

maticians; it acts as an assistant 

of sorts . It helps you 

explore and de­

velop concepts, 

by handling the 

tedious details. 

matica, I decided to see what all the talk 

was about. than abstract equations, hand­

waving, or scribbling on a 

In that way, 

s:::::--t----.J--...:....l you're free to 

That class was fun . I tried to do 

things beyond what the teacher was cov­

ering-the rudimentary stuff about 

Mathematica syntax. I wanted to do ani­

mation and play with the graphics. I was 

taken with the visual dimension of it. 

Simulations of the dynamics of the shuttle. 

blackboard. With Mathematica's 

graphical capability, especially 

animation, I can make a dynamic 

presentation that gives a concrete idea 

of what I'm talking about. 

Then there's the symbolic power. 

For example, the first project I tackled 

with Mathematica involved a nasty alge­

braic equation. I solved it on my own 

and then let Mathematica solve it. We 

both came up with the same answer. 

But my solution took a few hours and 

Mathematica's took a few minutes. 

concentrate on 

Intersection of fields of 
sweep of two sensors in 

the shuttle payload bay. 

Mathematica is available for: MS-DOS, 

Microsoft Windows, Macintosh, CONVEX, 

DG AViiON, DEC V AX (ULTRIX and 

VMS), DEC RISe, HP 9000, HP Apollo, 

IBM RISC System/6000 , MIPS, NeXT, 

Silicon Graphics, Sony, Sun-3, and SPARC-

stations. 

Prices in U.S . and Canada start at $595. 

Educational discounts are available. 

Orders: 1-800-441-MATH 

Mathematica~2.0 
The Standard for Techni al Computing 

:;;:.":,:,,.:::::';,:.,':=::::"='-""::"'''':'=~~T''',", Wolfram Reseerch. lnc .. 100 Trade Center On ... Champalgn.ILSI82().7237. USA. 11217)3911 0700. fax 11217)3911 0747. email InfoOwn com 
.. _ ..... __ .. _~ __ - -- Wolfram Research IUKI Ltd .• POBox 114. Abmgdon. Oxon OX13 STG. United Kmgdom. +4412351550 440. lax +44 1235} 550 445; email In!crukew" com 

For More Information Circle No. 485 
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