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Now, Dr. Saunders Goes 
To Work Every Day On Venus. 

And he's just begun to scratch the surface. 

Since August 1990, Steve Saunders and his asso­

ciates at NASA's Jet Propulsion Laboratory have been 

analyzing the pictures coming in from the Magellan 

spacecraft, built by Martin Marietta. 

By using a special radar, Magellan can "see" through 

the clouded atmosphere of Venus. The resulting imagery 

shows us a world of volcanoes, lava flows and faults 

geologically similar to Earth. In fact, the volcanic activity 

on Venus is so well preserved, that it may help us to 

better understand the process of volcanoes here on our 

own planet. 

Venus may also be a window into our past, when 

the Earth was very young. It puts us one step closer to 

understanding how "twin" planets, so similar in size 

and location, could evolve so differently. What caused 

the atmosphere of Venus to change into an out-of­

control "greenhouse effect?" What does it mean to our 

own future here on Earth? 

Steve Saunders and the people atJPL are working 

hard to bring Venus down to Earth. At Martin Marietta, 

we're proud that we can help them along the way. 

To us, mission success is the only bottom line. 

IWARTIN IWARIETTA 

6801 ROCKLEDGE DRIVE, BETHESDA, MARYLAND 20817 









The first name in imaging is the first 
name in high performance solid state 
imagers, as well. 

Kodak full frame imagers deliver. 
Resolution up to 4.2 megapixels, defect 
free if required. Ultra-low dark current of 
only 10 pAlcm 2

• Anti-blooming protection 
and up to 20 MHz per channel operation. 
Even a 1.4 million pixel full frame imager in 

a two-thirds-inch format! 
We also have a variety of other 
chips including video, infrared, 
and linear image sensors such as 
our 8,000 pixel tricolor array. 

Whether your application is 
electronic still, scanning, or 
thermal imaging, remember 
Kodak. Our name can make a 
world of difference in your 

product's performance. 

For more information, call 
(716) extension 120. 

OLIDn 
IMAGESENSO 
ONENAME 
MAKESAWO 
OF DIFFERENCE. 

e Eastman Kodak Company, 1991 
KODAK 15 a trademark. 
Earth photo courtesy of NASA. 

Creating new dimensions in imaging 
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~.firABY YOUR CAR'S ENGINE 

" TUFOIL ' 
SLIPPERIER 

THAN 
TEFLON ' ., 

WHY BUY A NEW CAR? 

A new car is one of life's biggest 
investments. Why not put off such a 
big expense as long as possible and 
at the same time, spend less to run 
the car you now own? The money 
you save is money in your pocket. 

Tens of thousands of drivers are 
already using Tufoil to " beat the 
system" . Here's how it's done '" it's 
Simple! 

ENGINES LAST & LAST 
The normal life of an engine is usu­
ally about 100,000 miles, give or take 
a few miles either way. This is no 
longer the case. By adding 4 ounces 
of Tufoil with each oil change, 
together with an effective mainten­
ance program, 200,000 miles and 
more are not uncommon. But that's 
not all! 

Together with this extended engine 
life are numerous benefits. For in­
stance, quick acceleration. One user 
writes that his car " Takes off like a 
scared rabbit! " 

SILKY SMOOTH OPERATION 
That's just the beginning! Easy starts 
and better gas mileage are soon 
apparent due to the reduction in fric­
tion. Your engine is now free to run 
smoooothly. 

• Improved Mileage 
• Setter Pertorma"" 
• Easler Starting 
'I~creased 

Engme life 
• Reduces Friction 
• Sill U.S. Patents 

Mor. Pending 
SF. 01 (231l 

One of our customers put it nicely 
when he said, " You can hear it, you 
can feel it," with Tufoil in the engine. 

PROVEN EFFECTIVE 
Our files bulge with testimonials. 
Customers not only call, but write to 
us about their fantastic results! 
They're telling friends and relatives. 
As a matter of fact they' re spreading 

the news about Tufoil all over the 
world. 

It stands to reason, though. Tufoil is 
so unique that even the United 
States and Canadian governments 
have confirmed it's effectiveness. 
One report shows that Tufoil is ac­
tually slipperier than Teflon""! 
NO TIME LIKE THE PRESENT 

There's never been a better time to 
try Tufoil and prove to yourself and 
your car that what everyone's been 
saying is really true! We think you 'll 
find it's one of the smartest decisions 
you've made. In fact we're so sure, 
we guarantee it'll work. If you don't 
agree, we'll gladly refund your 
$14.25, the cost of your initial 8 
ounce treatment. 

So why wait any longer? The sooner 
you start, the better! If your car has 
over 5-10,000 miles on it, now's the 
time to start! Use the order form 
below to baby your car (and your 
checkbook). You'll be glad you did! 

ORDER TODAY 

1-800-922-0075 U 
7~A~~~~ 

rFREE.-PrOCh7CiS6asedOriTuFOILiechnolog~hec'k1"':-------------~-------------' 
l one with each order of 2 bottles or a quart. Check 2 for each I~ Fluoramlcs, Inc. NT8Ml 

gallon order. Values range from $3.98 to $9.95. ~ rush my TUFOIL order: 18 Industrial Avenue I r:: ONE 8 oz. bOttle treat one car for NJ C TUFOIL Gun·Coat - Super rust inhibited. smooth acMn I $1425 (I $3 50 h d Mahwah, 07430 
C TUFOIL Compu· Lube Low vIscosity for computer h d l P)'s S · s IPp'n~ an k til'( c/MICk 0< money order 10< S IS enclosed 

mechanisms I an 109 ee money ac Charge my creeln card: - -
C TUFOIL Llghtnmg Grease - EaSIly sheared grease for I guarantee Am Express DMu.., Card 0 VISa 

Instruments 0 TWO 8 oz. bottles treat two cars Card No ____ _____ _ 
C TUFOIL Lub,t-8 - General purpose household use I lor 525.00 (plus $4 00 ShIpping . 

lubncant I and handling) SAVE $6.00 Exp Data - ---- -----
FREE brochures • Phone No 
o 30 Questions / Answers about TUFOIL I 0 ONE Quart bottle . treat" cars . - --------

HUON 1S'-eg l M oIlO "'~1nc:. 
TEfL()Nc. IS reg T M of QuPom" 
TUfOllc t1~ T M OI f luOt'aIftICS 
US F'lItenI'" .~5HI 
US Paaent No .. 224 t 73 
uS p.,.. No 3 933656 

I Ohf US Palenb swed IftO C)InCIIng .... ----------

Wh~" 
POPULt.R MECHl'NICS 

tested lUFOlL 1\ reported 
lUfO\L IS abSolutel'l 

spectaCIJ\ar' 

I lor $34.95 (plus $4 .00 shlppmg Name 

I and handling) Addr_ 

o ONE GALLON treat 16 cars for ety 
$125.00 (plusS6.CO shipping and 
handling.) State Zip ____ _ 

W h· 'th ' d I (N J res>dents please add 7 <. sales taxi 
e S IP wt In ays. I 

I MONEY BACK GUARANTEE ON M>Z. canadian Distributor: 1-800-363-7753 -_~ _______ ~ __________ ~ ________ J 
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A new telescoping boom for helicopters promises to make 
rescue operations at sea easier and safer. See page 130. 
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time, the 
burning 
behavior of 
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Announcing 
a Maior Breakthrough in 

Computational Fluid Dynamics 

FIDAP'M 
REVISION 6.0 

Flow in a computer cabinet: pressure distribution 

New Capabilities 
• 3-D free surface 
• electromagnetic forces 
• 15 mass transport equations 
• residence time calculations 
• particle tracking in separation 

A New Graphical User Interface 
• OSF/Motif''' based 
• mouse driven, pop-up menus 
• complete on-line help 
OSF/Morif i, 0 Irodemorl< of THE OPEN SOFTWARE FOUNDATION, INC. 
FIDAP i, 0 tmdemork of FLUID DYNAMICS INTERNATIONAL. INC. 

FI DAP 6.0 introduces a new equation 
solver that runs 5-100 times faster and 
needs 10-50 times less disk space. 

This means that you can solve larger 
problems on smaller computers. 

Revision 6.0 makes FIDAP the world's 
most powerful software for fluid flow 
and heat & mass transfer analysis. 

Call or write for a free brochure and 
further information. 

Die swell in three-dimensions/Graphical User Interface 

jJ:....l~ flUID 

lTU I FJ~~i~ToNAl 
500 Davis Street, Suite 600 • Evanston, Illinois 60201 . Tel (708)491-0200 • Fax (708)869-6495 
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Dorit settle for graphics 

Read the writing on the wall. You don't want to 
cornpromi e your image ith graphi that don't paint 
tilC be t picture. With IBM' new line of graphic 
adapters, you don't have to. 

IBM ha unveiled 
n w level of price/per­
formance for fa t 20 and 
3D olid graphics appli­
cation. nd the fa ter 
you can vi ualize data, 
th fa tcr you can get your 
idea acro . Within the 
RI tem/6000 TO 

famil of POWERs tat ion , 
ou can get graphic 

performance that will really help you make your mark. 
For in tance the Gt4x graphi ub y tern can draw 
800,000 2D and 3D vectors and 80,000 Lighted 

Gouraud-shaded triangles per second, and 
give you up to 16.7 million colors to work 
with to really howcase projects uch a 
solid de ign and cientific isuaIization. 

When you really want to display your 
i ion, there' the POWERgraphics ero 

NA 400K BOOK 990K 

NA 20K 80K 120K 

IBM and AIX are registered trademarks and RlSC System/6000 and graPHlGS are trademarks of InternatIOnal Business Machmes Corpomtlon. SPECmark IS a trademark of Standard 
Performance Evaluation CorpomtlOn. X Windows Systems is a trademark of Massachusetts Institute of Technofogy. GL is a trademark of Sdicon GraphICS Inc. Motif IS a trademark of 
The Open Software Foundation, Inc. UNIX IS a registered trademark 01 UNIX System LabOOItones, Inc. HAGAR THE HORRIBLE Character(s) © 1991 King Features SyndICate, Inc. 
©1991 IBM Corp. 



that dout do you justice. 

ub tern which produce 
almo t a million 3D vectors 
and 120000 Gouraud-
had d triangle p T econd 

for fa L realistic hading 
effe u. 

offering performance ranging from 9 to 2S MFLOPS 
and from 33 to 72 SPECmarks'" and AI ~ IBM' en-
han ed version of IX. Th brain b hind th b auty. 

Don't a ept a primitive picture, when you can 
have th pi tur of p r£ ction. , find out how RI 

tem/6 0 graphi an do 
your rna terpi e ju tiee. Get 
in tou h with your IBM 
marki ting r pr ntative or 
Bu ine Partn r. For liteT­
atuT calJ 1 800 IBM-6676 

- - ------- -. ---- - - ------------- , -
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Convert 
Computer 
Graphics 

to 
Television 

RGB/Videolink® 
Model1450AX 

with Auto-sync 
The first popula rly priced full range 

sca n converter for video taping, 
video projection and video teleconferencing 

• Adjustment tree auto-Iocklng to 
all workstations, PCs and Mac lis 

• Horizontal scan range 
21 to 80kHz 

• Full broadcast quality encoder 
and sync generator 

• Flicker tree output 

• Genlock 

• Linear keyer for overlaying live 
video with computer graphics 

• Zoom EGA to fill video screen 

• Full 24 bit color processing 

• Wide range of outputs; 
Composite (NTSC or PALl, 
RGB, S-Vldeo, Betacam I Mil 

Manufactured in the USA 

Other models available 

SPECTRUM 
2550 Ninth Street Berkeley, CA 94710 

TEL: (415) 848-0180 FAX; (415) 848-0971 
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NEW push-button ·mouse-menus· 
allow easy access to frequently used 
features. 

Integrate 2-D and 3-D data on a single 
graph to add meaning and Impact. 

Presentation graphics and analysis for scientific users. ,........----.~-
Your technical data requires more muscle 
and sophistication than basic business 
graphics and plotting packages can 
provide. It's simply a matter of using the 
right tool for the job. In addition to 
publication-quality graphics, you need 
powerful analysis tools and capabilities 
such as Graftool's • Intelligent Data 
Cursor' to read out data points on curves 
& surfaces . Linear & non-linear curve­
titting • Unlimited zoom & rotation 
• Multiple axes in linear, log, or proba­
bility scales . Advanced data handling, 
allowing over 268,000,000 data points 
• Powerful scientitic spreadsheet which 
can directly read your Lotus or ASCII flies 

• Unrestricted placement of graphs & text 
• Direct compatibility with Microsoft Word 
& WordPerfect 

With Graftool, all this power and 
flexibility purr quietly under the hood, 
while pop-up menus and push-buttons 
bring an ease of use previously unheard 
of in scientific software. Just ·point & 
process· with increased productivity and 
greater understanding. 

GRAFTOOL - the right tool for your 
technical solutions. 

GRAITOOL $495. 
• Interactive demo available 
• Academic discounts. 

3DL 3-D UISIEINS 
Call Thll Free for Details 

1-800-729-4723 
2780 Skypark Drive, Torrance, CA 90505 
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IIshed 

A design engineer dons special 
glasses and instantly his CAD draw­

ings take on a new dimension, one of 
vivid depth and definition. Graphic im­
ages seem to leap from the computer 
screen and rotate in midair, allowing the 
engineer to closely study design de­
tails and to detect flaws that might 
otherwise go unnoticed. 

His futuristic design tool is a stereo 
3D viewing system called Crystal Eyes , 
the flagship product of StereoGraphics 
Corp., San Rafael, CA. The system, 
which is compatible with any stereo­
ready computer or videocassette re­
corder, consists of wireless, liquid-crys­
tal eyewear and an infrared transmitter. 
It adds true 3D depth to computer dis­
plays by exploiting an effect known as 
stereopsis, the perception of depth that 
results when each eye is presented with 
a slightly different perspective and these 
two perspectives are fused into a single 
image by the brain. 

Besides engineers, Crystal Eyes is 
used by architects, scientists and ex­
ecutives who need a quick and efficient 
way to visualize information. It is espe­
Cially beneficial in molecular modeling 
and cell biology, which involve viewing 
of complex, abstract objects. Other ap­
plications include such diverse areas as 
manufacturing, medical imaging, topo­
logical mapping, business presentations, 
and video games. 

Here's how the system works: First, 
stereo images are displayed sequen-

12 

tially on a monitor in alternate frames. 
The left-hand frame is then channeled 
to the left eye, and the right-hand frame 
to the right eye using liquid-crystal lens 
shutters that turn opaque, transparent, 
and opaque again in rapid succession. 
When the left image is displayed for a 
fraction of a second on the screen, the 
left lens opens and the right lens closes. 
When the right image is displayed, the 
process is reversed. A transmitter con-

A novel stereo video system offers an 
array of applications in training and simu­
lation. Photos courtesy StereoGraphlcs Corp 

Through the tech­
nology transfer pro­
cess, many of the 
systems, methods, 
and products pio­
neered by NASA are 
reapplied in the pri­
vate sector, obviat­
ing duplicate re­
search and making 
a broad range of 
new products and 
services available to 
the public. 

nected to the monitor sends a signal to 
the glasses that synchronizes the shut­
ter and image switching. 

The shutter operates at such a high 
speed-120 frames per second, 60 
frames per eye-that the human eye 
detects no flickering. When closed, the 
shutter is opaque enough to ensure that 
the wrong image of a stereo pair doesn't 
leak through. When open, the shutter is 
transparent enough to ensure that the 
image is realistically bright. 

NASA Provides Testing Ground 
StereoGraphics produced the first 

flickerless viewing product with liquid­
crystal lenses in 1985. NASA was one 
of the initial users of this technology, 
mainly for flight simulation research , 
and helped StereoGraphics refine its 
early prototypes. "NASA's primary as­
set is its willingness to work with a new 
technology, try it out, and make sug­
gestions rather than rejecting it out of 
hand," said David Holbrook, Stereo­
Graphics' vice president of marketing . 
"By integrating our prototypes into its 
projects, NASA gave us a means to iron 
out design problems." 

The first-generation displays were 
"tough to set up and clumsy to operate," 
recalled Lhary Meyer, a founding part­
ner of the company. The headgear was 
cumbersome, resembling a welder's 
helmet, and was tethered to the com­
puter. Adopting changes suggested by 
Space Agency researchers, Stereo-
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Graphics made the eyewear lightweight and wireless, and 
modified the system so users could view images from virtually 
any angle. Feedback from NASA laboratories also prompted 
StereoGraphics to improve the system's portability, said Meyer, 
and to add the capability for group viewing. 

"It's now much easier to forget you have the device on and 
to believe you're actually in the artificial environment: said 
Steven Williams, a research engineer at NASA's Langley 
Center. Langley is employing the stereo display system in a 
flight simulator that presents pilots with a natural, 3D picture of 
the world, an "out-the-window" view, with all information in a 
single format. Tests to date indicate that the depth cues 
provided by stereoscopic displays enhance the pilots' situ­
ational awareness and overall performance. 

Scientists at NASA's Ames Research Center use the 3D 
display technology in computational fluid dynamics (CFD) 
studies to visualize data sets. According to Eric Hibbard, leader 
of Ames' Graphics Development Project, stereo display en­
ables interpretation of complex and often massive fluid flow 
data by revealing spatial relationships and topological struc­
tures. "There's no other way to view some of our data," he said. 
The center has developed software to generate stereo images 
at a workstation from CFD data, and has also employed the 
equipment in virtual reality, geology, space science, and 
seismology research projects. 

Walk-Through Simulations 
StereoGraphics recently introduced CrystalCADTM, a low­

cost system for designing and viewing engineering drawings in 
3D. The basic CrystalCAD package includes the Crystal Eyes 
viewing system, software, and CrystalCARDTM, a stereo-ready 
graphics-display controller. Crystal CAD can read in DXF f iles 
from AutoCAD and other packages, perform design tasks in 
stereo 3D, and then export the updated files back to the system 
that created them. The product can reduce design cycle length 
and eliminate the need for costly physical prototypes, accord­
ing to Meyer. Moreover, it enables users to create animated 3D 
"walk-through" or "fly-through" sequences that render intricate 
drawings comprehensible even to inexperienced viewers. 

The company also offers a turnkey video system for 
recording and playing back stereo video images. Crystal­
VIDEOTM includes an RGB 31.5 KHz display, the Crystal Eyes 
viewing system with four pairs of glasses, and dual CCD 
cameras. Its myriad uses include endoscopic and surgical 
observations, teleconferencing and training, and remote han­
dling operations in space. 

For more information on stereoscopic display technology, 
contact David Holbrook, StereoGraphics Corp., 2171-H East 
Francisco Blvd., San Rafael, CA, 94901. 

Editor's note: Stereo­
Graphics will demon­
strate its 3D viewing 
systems at Technol­
ogy2001, the second 
national technology 
transfer conference 
and exposWon, De­
cember 3-5 in San 
Jose, CA. 

NASA 's Input was crucial to 
the development of new 
lightweight (85 grams), 
cordless glasses for stereo­
scopic viewing. 
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NEW PU,n1p' heads! 
MAsTERfliX ., 

.. 

• • 

..•.. .. 
• CLOSE 

, ,. AND 
, START 
PUMPING 

For fast and easy tubing changes, your 
choice is eaSY. Easy-Load'" pump heads open • 
and close with the flip of a lever. Simply tum 
a knob to adjust tubing occlU6ion. Masterflex lIP 
Ectsy-Load pump heads mount directly to 
Masterflex lIP drives, accept the same tubing, and 

.produce the same flow rates (up to 13 liters/min) 
as your current Masterflex liP pump heads. You can 
stack several Easy-Load pump heads on a single 

. '. drive and change the tubing in one Easy-Load 
without interrupting other pump tteads. Add 
Easy-l.t)ad to your Mastertlex peristaltic system 
today. Your choice is easYf 

. , 
Eaay-Load-TM ~\nstrulJlj>~1 Co 
.... terfteJl-!lt.g Th4 eow-Parmer 1ns1nlml'ntCo 

• • • .t:. .... . " . .: .. -
_ " Cole-Parmer 

• CQ~e r---.lnstrument Compan), 
-..--. '---'" 7425 N. Oak Palit Ave., Chicago, IL 606'48 
___ ~ Pe rmer DIAL: 1-80~323-4340 or 

1-708·647-7600 
• " FAX: 1-708-847-9660 
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New Produclldeas 
New Product Ideas are just 
a few of the many innovations 
described in this issue of 
NASA Tech Briefs and having 
promising commercial 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-length article 
or by writing the Technology 
Utilization Office of the sponsoring 
NASA center (see page 16). 
NASA's patent-licensing program 
to encourage commercial develop­
ment is described on page 16. 

Portable Video/Digital 
Retinal Funduscope 

systemic disease or physiological altera­
tions of the retina, blood vessels, or other 
structures in the anterior and posterior 
chambers of the eye. The instrument can 
be operated with little training. 

Anthropomorphic Robot 
Hand and Teaching Glove 

A lightweight, relatively inexpensive elec­
tronic and photographic instrument has 
been developed for the detection, monitor­
ing, and objective quantification of ocular! (See page 115) 
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AMCO Engineering Co. 

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

SEE US AT ASIS ORLANDO, FL 9/23 - 9/25 BOOTH # 1918-1920 
Circle Reader Action No. 500 

A robotic forearm·and-hand assembly 
manipulates objects by performing wrist 
and hand motions with nearly human 
grasping ability and dexterity. Underwater, 
high-radiation, vacuum, hot, cold, toxic, or 
otherwise inhospitable environments are 
potential application sites. 
(See page 99) 

Ultrasonic Device Monitors 
Fullness of the Bladder 

An ultrasonic device that monitors the 
fullness of the bladder is self-contained, 
lightweight, portable, powered by a battery, 
and tailored for the specific patient th rough 
software that can be modified as the pa­
tient's behavior changes. The device is in­
tended for use in training people with 
urinary voiding problems. 
(See page 115) 

New Polyimide 
Has Many Uses 

A high-performance thermoplastic polyi­
mide is made from 3-4/ -oxydianiline and 
4,4/-oxydiphthalic anhydride. It has good 
processing characteristics, low toxicity, 
and no mutagenicity and can be employed 
to prepare unfilled moldings, coatings and 
free films, adhesive tape, adhesively bond­
,ed substrates, prepregs, and composites. 
(See page 85) 

LaRC-RP41:a Tough, 
High-Performance 
Composite Matrix 

A new polymer exhibits increased tough­
ness and resistance to microcracking. The 
polymer has potential as a high-tempera­
ture matrix resin, adhesive, and molding 
resin. Applications could include automo­
biles, electronics, aircraft, and aerospace 
structures, 
(See page 82) 

Long-Lived, Replaceable 
Low-Pressure Seals 

A type of gasket suitable for use on hatches 
and windows combines the advantages of 
low leakage, long life, and easy replace­
ment. The elastomer is subject to only mod­
erate compression force and therefore 
lasts longer than a purely elastomeric gasket. 
(See page 98) 
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ELECTRONIC PRESSURE 
SCANNERS 
Compact, multi-channel devices provide 
a transducer-per-channel for gas and/or 
liquid pressure measurement. Users get a 
single, rugged, mountable package for 
murtiple pressure measurements-without 
having to buy separate transducers. Save 
money, space and time. ESP-16BP scan­
ners handle ~as pressure measurements 
In harsh enVIronments and are available 
with 8 or 16 channels. ESP-4AM scanners 
provide 4 channels for measurement of 
liquid pressure or high-pressure gases. 
PSI, 8oo-678-SCAN. 

Circle Reader Action No. 555 

CRYOGENIC PRESSURE 
SENSORS 
Compact, rugged pressure sensors mea­
sure liquids or gases at temperatures from 
ambient down to 1.5" Kelvin (-272°C). 
Sensors available for pressure ranges 
from 0-31 through 0-500 psi for absolute 
or differential pressures. Power dissipa­
tion is typically less than 6 mW. Sensors 
can be installed or even submerged within 
cryogenic systems. Factory calibration at 
cryogenic temperatures ensures high 
accuracy between 1S and 373°K. Avail­
able with digital readout and RS232 link. 
Keller-PSI, (619) 967-6066. 

Circle Reader Action No. 559 

SUBMERSIBLE DEPTH 
TRANSDUCERS 
Rugged Series 200 low-rost depth trans­
ducers are designed for ground water and 
tank level measurements at depths to 500 
ft. Series 200 SUB transmitters are priced 
lower than competitive units, yet offer 
more capability, and standard ranges are 
available from stock. Features include 
all-welded 316 SS construction with 
polyurethane jacketed vented cable. 
Transmitter and cable are sealed 
to ensure watertight operation. New 
low-cost Series 700 depth sensors 
are designed for sewage lift stations 
and other wastewater applications. 
Keller-PSI, (619) 967-6066. 

Circle Reader Action No. 556 
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Pressure Systems Inc. (pSI) provides engineered solutions that solve your pressure 
measurement problems every step of the way-from the physical transducer 

measurement to final data display. 
If your application requires multiple pressure and other measurements at high 

scan rates over a wide temperature range, the answer is electronic pressure scanning 
systems (a technology pioneered by PSI). These systems combine low-cost silicon 

sensors with on-line calibration for speed, accuracy and economy, plus full capability 
for data acquisition and real-time graphics display. 

For flight research and barometric applications, PSI SONIX'" digital pressure 
standards are becoming the standard pressure transducer. We also offer an all-media 

pressure transducer line for measuring pressures of corrosive and noncorrosive 
gases and liquids. And our cryogenic pressure/temperature sensors are used 
extensively in space hardware, physics and superconductivity applications. 

Put the most advanced pressure measurement technology to work for you. Call us 

+ 
PIIE!!i OOW. Whenlhe q::;:swer is PSI. 
.. ,. ...... ,....",,.,,..,, .... ,. 
34 Research Drive. Hampton. \? 23666 (804) 865-1243 fAX: (804) 766-2644 

Circle Reader Action No. 557 

See us at Sensors Expo Booth #327 

PC-COMPATIBLE TURNKEY 
PRESSURE ACQUISmON 
The AutoNet 8400 pressure acquisition 
configuration combines electronic pres­
sure scanning with real-time graphic dis­
play of data. Measures pressures from 0.4 
to 500 psi (dry gas) and 1.5 to 6000 psi 
Oiquid), and is implemented on IBM 386 
or compatible PC. Equipped with software 
for real-time graphic display of pressure 
tests-users don t need to write own soft­
ware driver. Parallel processing data 
acquisition operates over multiple chan­
nels at high speeds, with data storage on 
hard disk. PSI, 800-678-SCAN. 

Circle Reader Action No. 558 
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HOW YOU CAN BENEfIT It yOU're a regular reader of TECH BRIEFS 1hen you're already malung use 01 
one of the Iow·and no-cost servx::es prOVided by NASAs Technology U hza!Jon 
(TU) Netwo . But a TECH BRIEFS subscnpllon represents only a fractton 01 
the technocal Inlormanon and apploca!Jons englneenng servoces oHered by the 
TU Network as a whole . In fact. when all 01 lhe components of NASA's 
Technology U hzatoon Network are considered TECH BRIEFS represents the 
proverbial tiP of the oceberg 

FROM NASA's 
TECHNOLOGY 
UTlIZITIIli 
SBlVICES 

We've oullmed below NASA's TU Network-named Ihe partICIpants. de· 
scribed the,r servlC1eS, and listed the Indovlduals you can contact lor more 
Informabon relanng to your specoflc needs We encourage you to make use of 
the mformatoon, access and applocabons serviceS offered by NASA's T echnol­
ogy Utlfiza!Jon Network. 

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

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

the world's largest banks of technical data. Nearly 500 computerized data bases, ranging from NASA's own data base to Chemical Abstracts and INSPEC, 
are accessible through the ten lACs located throughout the nation. The lACs also offer technical consultation services and/or linkage with other experts 
in the field. You can obtain more information about these services by calling or writing the nearest lAC. User fees are charged for lAC information services. 

Aerospace Research 
Center (ARAC) 
Indianapolis Center for Advanced 
Research 
61 I N. Capitol Avenue 
Indianapolis, IN 46204 
Dr. F. TImothy Janis, Director 
(317) 262-5036 
Central Industrial Applications 
CenterlNASA (CIAC) 
Rural Enterprises, Inc. 
Post Office Box 1335 
Duranl, OK 74702 
Dr. Dickie Deel, Director 
(405) 924-5094 
(800) 658·2823 (toll-free U.S.) 
NASA Industrial Applications 
Center (MCNC) 
Post Office Box I 2889 

Research Triangle Park, 
NC 27709-2889 
H. L (Lynn) Reese, Dorector 
(919) 549-0675 
NASA Industrial Applications 
Ctr. 823 William Pitt Union 
University of Pittsburgh 
Pittsburgh, PA 15260 
Lani Hummel 
Executive Director 
(412) 648-7000 
Southern Technology 
Applications Center (STAC) 
Post Office Box 24 
Progress Ctr., One Progress Blvd. 
Alachua, FL 32615 
J. Ronald Thornton, Dorector 
(904) 462·3913 
(BOO) 354-4832 (FL only) 
(800) 225-0308 (toll-free US) 

NASAlUK Technology 
Technology Applications Center 
University of Kenlucky 
109 Kinkead Hall 
LeXington, KY 40506-0057 
Wilham R. Strong, Dorector 
(606) 257-8322 
NERAC, Inc. 
One Technology Drive 
Tolland, CT 06084 
Dr. Daniel U. Wilde, President 
(203) 872-7000 
Technology Application Center 
(TAC) 
University of New Mexico 
Albuquerque, NM 87131 
Dr. Stanley A. Morain, Director 
(505) 277-3622 

NASA Industrial Applications 
Center 
University of Southern Callfomia 
Research Annex 
37 I 6 South Hope Street 
Los Angeles, CA 90007-4344 
Robert Stark, Director 
(213) 743-6132 
(800) 642-2872 (CA only) 
(800) 872-7477 (toll-free US) 
NASAISU Industrial Applications 
Center 
Southern University Department 
01 Computer Science 
Post Office Box 9737 
Baton Rouge, LA 70813·9737 
Dr. John Hubbell, Director 
(504) 771 -6272 
(504) 771-4950 

If you represent a public sector organization with a particular need, you can contact NASA's Application Team for technology matching and problem solving 
assistance. Staffed by professional engineers from a variety of disciplines, the Application Team works with public sector organizations to identify and solve 
critical problems with existing NASA technology. Technology Application Team, Research Triangle Institute, P,O. Box 12194, Research Triangle 
Park, NC 27709; Dr. Doris Rouse, Director, (919) 541-6980 

How You Can Access Technology Transfer Services At NASA Field Centers: 
Technology Utilization Officers & Patent Counsels-Each NASA Field Center has a Technology Utiliza­
tion Officer (TUO) and a Patent CoUnsel to facilitate technology transfer between NASA and the private sector. 

If you need further information about new technologies presented in NASA Tech Briefs, request the Technical Support Package (TSP).lf a TSP is not 
available, you can contact the Technology Utilization Officer at the NASA Field Center that sponsored the research. He can arrange for assistance in 
applying the technology by putting you in touch with the people who developed it. If you want 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. 
Technology Utilization 
Officer:Geoffrey S. Lee 
Mall Code 223-3 
Moffe" Field, CA 94035 
(415) 604-4044 
Palent Counsel: 
Darrell G. Brekke 
Mall Code 200-1 I 
Moffe" Field, CA 94035 
(415) 604-5104 
Lew is Research Center 
Technology UtilizatIon 
OffICer: Anthony F 
Ratalczak 
Mall Stop 7-3 
21000 Brookpark Road 
Cleveland, OH 44135 
(216) 433-2225 
Patent Counsel: 
Gene E. Shook 
Mall Code LE·LAW 
21000 Brookpark Road 
Cleveland, OH 44 I 35 
(216) 433-5753 

John C, Stennis 
Space Center 
Technology Utilization 
Officer: Robert 
Barlow 
Code HA-30 
Stennis Space Center, 
MS 39529 
(601 ) 688-2042 
John F. Kennedy 
Space Center 
Technology Utilization 
Officer: Thomas M. 
Hammond 
Mail Stop PT-PMO-A 
Kennedy Space 
Center, FL 32899 
(407) 867-3017 
Patent Counsel: 
Bill Sheehan 
Maol Code PT-PAT 
Kennedy Space 
Center, FL 32899 
(407) 867-2544 

Langley Research Ctr. 
Technology Utilization 
Offocer: Joseph J. 
MathiS, Jr. 
Head, TU & AO Office 
Mall Stop 200 
10 West Taylor Road, 
Hampton, VA 23665-5225 
(804) 864-2484 
Palent Counsel: 
Dr. George F. Helfnch 
Mall Stop 143 
9A Ames Road, 
Hampton, VA 23665-5225 
(804) 864-3221 
Goddard Space Flight 
Center 
Technology LHilization 
Offocer: Donald S. 
Friedman 
Mao! Code 702. I 
Greenbeh, MD 20771 
(30 1) 286-6242 

A Shortcut To Software COSMIC For software developed with 
NASA funding, contact COSMIC, NASA's Computer Software Manage­
ment and Information Center. New and updated programs are an­
nounced in the Computer Programs sectJon. COSMIC publishes an 
annual software catalog. For more information call or write : COSMIC , 
382 East Broad Street , Athens, GA 30602 John A. Gibson, DIf., (404) 
542-3265. 

Patent Counsel: 
R. Dennis Marchant 
Mall Code 204 
Greenbeh, MD 20771 
(30 I ) 286-735 I 
Jet Propulsion Lab. 
NASA Resident Office 
Technology Utilization 
Offocer: Anf Husain 
Mail Stop 180-80 I 
4BOO Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-4862 
Patent Counsel: 
Thomas H. Jones 
Maol Code 180-601 
4800 Oak Grove Drive 
Pasadena, CA 91 109 
(818) 354-5179 
Technology UtllizatJOn 
Mgr. for JPL: Dr. Nor­
man L Chalfin 

Mail Slop 156-21 I 
4800 Oak Grove Drive 
Pasadena, CA 91 109 
(8 I 8) 354-2240 
George C. Marshali 
Space Flight Center 
T echnoiogy UtIlization 
Offocer: Ismail Akbay 
Code ATOI 
Marshall Space Right 
Center, 
AL 35812 
(205) 544-2223 
Fax (205) 544·3151 
Patent Counsel : 
Robert Broad 
Mail Code CCOI 
Marshall Space Flight 
Center, 
AL 35812 
(205) 544-0021 

Lyndon B. Johnson 
Space Center 
Technology Utilization 
OffICer: Dean C. Glenn 
Mall Code IC-4 
Houston, TX 77058 
(713) 483-3809 
Palent Counsel: 
Edward K. Fein 
Mail Code AL3 
Houston, TX 77058 
(7t3) 483-4871 
NASA Headquarters 
T echnotogy UtilIZation 
Officer: Leonard A. Au" 
CodeCU 
Washington, DC 20546 
(703) 557-5598 
AsSistant General 
Counsel for Patenl 
Matters. Robert F. 
Kempf, Code GP 
Washington, DC 20546 
(202) 453-2424 

If You Have a Question .NASA Cen ter For AeroSpace In for­

matio n can answer questions about NASA's Technology Utilization 
Network and its services and documents. The CASI staff supplies 
documents and provides referrals. Call , wnte 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 . Walter M. Heiland, Manager, (301 ) 859-5300, Ext. 245. 
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~.----~ -. Easy. 
Mathcad

U 

ew 
Mathcad 3.0. 

When number-crunching time comes, 
does work grind to a screeching halt? 

Want a better way to do techilical calcula­
tions than a spreadsheet or calculator-an 
obstacle clearer instead of an obstacle mawr? 

You need new Mathcad 3.0, the crunch­
those-numbers, and deliver-results-in-a­
second calculation software. 

As in-depth as you want, as routine as you 
need. Mathcad 3.0 does everything from 
averages to IDs, from percentages to matri­
ces. Almost every funcoon you'll ever need 
is built in for rapId, effortless calculations. 

ew Elecuoruc Handbooks make it easy 
to click-n-paste hundreds of standard for­
mulas, useful data, even entire calculations 
into your documents. And a full range of 
add-on Applications Packs help you solve 
problems pecific to your profession. 

-_.-.. .. --.... -.-....... ..... .. -
---,.:: -.:: .. -.~ ....... _-

End of Problem. 
Mathcad's new easy to learn and use 

Windows 3.0 interface has you up and 
running in hours-not days. Best of all, 
Mathcad is just plain fust. 

Simply plug in data and you're done­
Mathcad aoes all the work for you. It does 
the calculations. Automatically updates 
results when you change a variable in the 
live document. It graphs in 2-D or 3-D. 
And prints results III presentation-quality 
documents, complete with equations 
in real ma!:h notation. In !:he blink of an 
eye- numbers crunched-and you're back 
mworK. 

Meet the Mathcad 3.0 power list: 
• New easy to learn and use Microsoft 
Windows 3.0 interface 
• ew Electronic Handbooks and Applica­
tions Packs provide solutions for Electrical, 
Mechanical, Civil and Chemical Engineer­
ing, Statistics, Advanced Math, aocfNumer­
ici1 Methods 
• New symbolic calculations performed 
more easily than with any other product 
• Does exponentials integrals, matrices, 
and more 

• 2-D and 3-D graphics 
• Prints high-qUaJity 
docwncntation 
• PC DOS, Macintosh~ and 
Unix" versions also available 

For a free Mathcad 3.0 
demo diSK, or upgrade infonna­
cion, call1-80o.:MPJ.'HCAD 

'WI • 
.. .. .. 1 
• • I i . , "-' .. -- ..-. _. I , - .. 

h'!rmm~ 
rnITOR"S 
U-IOIU 
Math<odl.5 
3-1"-89 .... 
Batof'88 
Batof'17 

(or 617-577-1017, Fax 617-
577-8829). Or see your software dealer. 

Available for mMe compatibles, Macintosh 
computers, and UNIX workstations. 

TM md ~ JOg!IIfy ...,IIfxtm<r',1l>II<IIorI: Gr!<p<rW U>dcawt 
~. 

1-800-MATHCAD 

The answer is 
Mathcad® 

MatbSoft, Inc. 
201 Broadway, Cambridge, MA 02139 USA 22 

AoImIia: Hame (03) 8661166; Bdgium:SCIA 01315S \175; llauDad:: 1'.IIg\>aJ~ lS17 71; FinImd: 'l<rD.'1:J.II1],.7671; Fnocc: JSB.Ccp(l}4609 24 00; Gcrmmy:SoItIiD< (018 02).036; lta!y: 0unndQ2.0009l173; Japan: CKC03-366S-91tl; 
Nttb<dands: Klaasinc0I62t>816OO; Normy: l'mttch 09-95'J020;Switurlaod: Rabtum03HI 01 ll; U.L: McptSdmti6c(0462)480055.1n otba Iocatioor, aJIItXt M.atbSoh, USA. 

Circle Reader Action No. 682 



~I 
Electronic Components and Circuits 
Hardware, Techniques, 22 GaAsP Photodiodes as 26 Alternative AI.Ga, .• As/GaAs 
and Processes X-Ray Detectors Transistors for Neural Networks 

18 Pulse-Width-Modulating 22 Hole-Impeded-Doping- 26 High-Power AlGaAs Quantum-
Driver for Brushless dc Motor Superlattice LWIR Detectors Well Lasers on Si Substrates 

19 Circuit Detects Faint Flashes 24 High-Gain AI.Ga, .• As/GaAs 29 Resistor Extends Life of Battery 

Against Bright Background Transistors for Neural in Clocked CMOS Circuit 

20 Sapphire Ring Resonator for Networks 30 End-Loaded, Cavity-Backed, 

Microwave Oscillator Cross-Slot Antennas 

~~ Pulse-Width-Modulating Driver for Brushless de Motor 
The power supply for the motor is electrically isolated from other power supplies. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A high-current pulse-width-modulating 
driver for a brush less dc motor features 0p­

tical coupling of the timing signals from 
its low-current control circuitry to its high­
current motor-driving circuitry. This optical 
coupling makes it possible to provide high 
electrical isolation of the motor-power sup­
ply, thereby helping to prevent the fast, high­
current motor-driving pulses from being 
coupled through the power supplies into 
the control circuitry, where they could in­
terfere with the low-current control signals. 

The driver (see figure) controls motor 
current by varying the duty cycle of the 
motor-drive voltage. Null or zero motor cur­
rent results when the motor-drive-voltage 
waveform exhibits a 50 percent duty cy­
c;:le. The direction and magnitude of net 
motor torque is determined by the duty­
cycle variation about the 50 percent point. 
The motor is connected to its power supply 
via an H-bridge circuit of n-channel, en­
hancement-mode power, metal oxide/semi­
conductor field-€ffect transistors (MOSFET's) 
and p-channel power MOSFET's. By use 
of these two types of MOSFET's, each 
type connected in the polarity opposite 
that of the other type, it is possible to 
simplify the power-MOSFET-gate-driving 
part of the circuit in that it becomes un­
necessary to supply a gate-driving voltage 
in excess of the supply voltage (as would 
be necessary if the H-bridge circuit con­
tained all n-channel power MOSFET's). 

The input control voltage is received dif­
ferentially by amplifier U2, which is cap­
able of operating over the full ±1D-V range 
of the input signal. The pulse-width-mod­
ulator circuit U1 compares the input volt­
age (scaled through U2) to a voltage pro­
portional to the motor current (scaled 
through instrumentation amplifier Us' as 
described more fully below). U1 varies the 
duty cycle in such a way as to reduce the 
comparison (difference) voltage to zero. 

The output of U 1 is optically isolated 
from the output transistor stages by op­
toisolator U3, which couples signals 
through an optical link only. The output of 
U3 is inverted by inverting buffer U4, which 
generates the gate-driVing voltages for 
the power MOSFET's of the H-bridge 

18 

(01 through °4, °6, and 07)' Transistor Os 
delays the turn-on of these MOSFET's 
until the gate-voltage waveforms have 
stabilized. 

Us' which operates in a balanced dif­
ferential configuration , provides feedback 
voltage proportional to the motor-driving 
current. The use of two 8.25-MO resistors 
to couple the current signal to Us pro­
vides a net isolation of more than 4 MO 

'''' ... ,' V 
0,1,# Poinll0..1 .". 

~f;-} 01"" 
10< , 

."v ~ 10< 
~ ,.,. 

for the motor-driving circuitry. In keeping 
with the concept of isolation of the high­
current stages of the driver, separate volt­
age regulators are provided for the circuits 
associated with the output H-bridge. 

This work was done by Phil M. Salomon 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Cir­
cle 131 on the TSP Request Card. 
NPO-17142 
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The Pufse-Width-Modulating Driverfeatures optical coupling of the timing signals (for electrical 
Isolation of the motor and its power supply) and a complementary power-MOSFET H-bridge 
output circuit (to simplify the H-bridge-gate-driving circuitry). 
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Circuit Detects Faint Flashes Against Bright Background ~ 
The rapidly varying component of a luminous-flux signal is extracted from the total signal. 

Marshall Space Flight Center, Alabama 
An electronic circuit detects flashes of 

light against a bright background in a cam­
era or telescope image. The circuit was 
designed to detect lightning from a space­
craft in orbit far above the clouds. Usual­
ly, the sunlight reflected from the clouds 
makes lightning invisible to an observer in 
orbit. The circuit could also be used on 
Earth to detect lightning from a distance 
during the day or night, or to detect other 
flashes of light in safety-related, scientific, 
industrial, and military applications. 

The circuit (see figure) includes the pho­
tocell that measures the luminous flux in 
the scene under observation. The output 
of the photocell includes a rapidly varying 
component that represents the lightning 
or other flash, plus a slowly-varying com­
ponent that represents the slowly chang· 

First Amplif ier 

ing reflection of sunlight from the moving 
clouds or other bright background. The 
output of the photocell is fed to a first am­
plifier, which produces an inverted signal. 
The output of the first amplifier is fed back 
to its input via a low-pass filter and a non­
inverting amplifier. 

Together, the lOW-pass filter and nonin­
verting amplifier act as a low-frequency­
nulling amplifier in that the feedback signal 
suppresses the low-frequency background 
signal at the input terminal of the first am­
plifier. Thus, the net output of the first am­
plifier consists mostly of the rapidly-varying 
flash signal. This output is sent to a sec­
ond amplifier, where its amplitude is raised 
to about 150 times that of the input rapid­
ly varying signals. 

The output of the second amplifier is 

sent to a pair of earphones for aural moni­
toring and/or recorded on one track of a 
magnetic tape for future analysiS. A time­
base signal is recorded on the other track 
of the tape so that the time of each light­
ning pulse or other flash can be deter­
mined. A microphone can also be used 
to record verbal annotation on the tape. 

A typical lightning pulse may appear as 
a single flash but usually consists of sev­
eral strokes in rapid succession. The cir­
cuit can detect individual strokes, which 
have optical rise times of about 0.1 to 0.5 
ms. 

This work was done by 0. Vaughan, M. 
L. Curtner, and 0. Yeates of Marshall 
Space Flight Center. For further informa­
tion, Circle 63 on the TSP Request Card. 
MFS-28466 
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The Lightning Detector is a photocell-and-amplifier circuit that detects flashes of light against a steady or slowly varying bright 
background. The low-frequency-nulling amplifier is part of a feedback loop that suppresses the low-frequency background signal. 
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~J Sapphire Ring Resonator for Microwave Oscillator 
Phase noise is reduced to a new low. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A sapphire dielectric ring resonator op­

erating in a "whispering-gallery" mode 
helps to stabilize the frequency and phase 
of a microwave oscillator. Although micro­
wave carrier signals can be obtained by 
frequency multiplication of the outputs of 
quartz·crystal oscillators operating at 5 to 
10 MHz, the resulting signals (typically at 
frequencies of tens of gigahertz) contain 
too much phase noise to be useful in some 
radio-science measurements. The new 
resonator reduces the phase noise ap­
preciably at room temperature and prom­
ises unprecedented stability of phase at 
cryogenic temperatures. 

The stabilizing effect is the result of the 
high Q (271' times the average electromag­
netic energy stored divided by the energy 
dissipated per cycle of oscillation - a 
measure of the quality or sharpness of the 
resonance) of the resonator. The "whisper­
ing-gallery" type of operation helps to 
achieve the low loss necessary for high 
Q by containing most of the resonating 
electromagnetic field within the low-loss 
sapphire ring material via a phenomenon 
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similar to total internal reflection in optical 
devices. Outside the sapphire ring, the 
evanescent field decays approXimately ex­
ponentially with distance from the surface 
of the ring. Thus, by keeping as much of 
the ring as possible as far as possible from 
lossy metal components, the overall loss 
can be kept small. 

Figure 1 shows the resonator installed 
for testing, including input and output wave­
guide ports on the axis of the sapphire ring 
and container. The axial length (height; z 
dimension) of the sapphire ring was 
chosen to be twice the radial (r dimension) 
thickness, for a principal (lowest-frequen­
cy) family of modes with electric fields p0-
larized in the z direction. This choice en­
abled effective coupling to the principal 
modes by virtue of similar configurations 
of the fields in the waveguide and resona­
tor. 

Figure 2 shows the frequencies and Q's 
for modes of the ring resonator at frequen­
cies between 5 GHz and 9 GHz. Q's above 
105 were found at room temperature for 
all of the modes in this sequence. The 
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Figure 1. The Sapphire Ring Resonator is 
mounted for testing. This particular con­
figuration provides for effective coupling 
between the prinCipal electromagnetic 
modes of the resonator and waveguide. 
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Figure 2. The Q of the Resonator was measured in the setup of Figure 1 at various frequencies from 5 to 9 GHz. For each 
"whispering-gallery" mode of the resonator, n denotes the number of wave periods around the circumference of the ring. 
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PRINCIPLES OF QUALITY MEASUREMENf: FIRSf IN A ERIES. 

MEASUREMENT WITH NO SECOND CHANCES. 
It doesn't matter whether a critical 
event happens ten million times a 
econd, or take a week to set up 

and costs thou -ands of dollars. When 
the mea urement is your job, it' got 
to be right the flfSt time. 

A fal e trigger wa tes every­
body' time, and a missed trigger i a 
disaster. Truncated or clipped signals 
mean k tart over when there' no 
time to tart over. 

For critical measuremenrs like 
these, blistering speed and gimmick 
trigger won't help. 

You need trigger circuits 
designed with the same care as 
amplifier front end.:;, settings 
you can di play, test 
and count on. 

You need extravagantly long memories 
to capture unpredictable events, and the 
dynamic range and accuracy to capture 
the signal - all of it - and get it right. 

We know what it' like. We've 
been building instruments to record 
single-shot events for twenty years in 
critical electronics, materials-testing 
and military application . Today' 
measurements are no less important -
just more complex, and faster. Wi 
treat every measurement as if it's the 
only chance you'll get - even if it 
happens ten million times a second. 

e\ t:n ne\ Kolet Pro Digital 
Illos OIX:' offt.:r advanced 

tnggcnng '" ith thl' .lb .. olutc 
mcal>urement integnt) that Kolet 
st.lOd for On > b right for your 
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r('ad'r er\,1 e num :r or call 
1 r( HfIS8 'Ikh ) , 

At Nicolet, we build instruments 
for measurement experts like you. 

Nicolet 
INSTRUMENTS Of DISCOVERY 

--'o¥T{;<()tet Test Instruments 
Madison, Wisconsin, U A 53711-4495 
6081271-3333 , FAX 608/273-5061 
In Canada Call : 800-387-3385 
Circle Reader Action No. 697 



measured phase noise of a transistor 
oscillator locked to the n = 10 (7.84-GHz) 
mode showed a 11f 3 dependence at low 
f (where f = the offset from the carrier 
frequency), and a value of - 55 db/Hz at 
an offset of 10 Hz from the carrier. This 
appears to be lower than the phase noise 
previously reported for a noncryogenic X-

band oscillator. 
On the basis of these measurements 

and the performance of commercially 
available phase detectors, the phase noise 
of a resonator cooled to 77 K and with a 
Q of 3X1Q7 is projected to be -85 dB/Hz 
at an offset of 1 Hz. This value is 30 dB 
below that of a frequency-multiplied quartz-

crystal oscillator that is the best X-band 
source now available. 

This work was done by G. John Dick 
and Jon Saunders of Galtech for NASA's 
Jet Propulsion Laboratory. For further 
information, Circle 57 on the TSP Request 
Card. 
NP0-18082 

GaAsP Photodiodes as X-Ray Detectors 
GaAsP cells cost less than Si cells do and are less damaged by radiation . 

NASA's Jet Propulsion Laboratory, Pasadena, California 
Tests show that commercial G1126-02 

GaAsP photodiodes designed as ultraviolet 
detectors can be modified easily for use 
as x-ray detectors. At present, x-ray and 
other highly energetic radiation are usually 
measured with specially fabricated silicon 
cells. The modified GaAsP photodiodes 
cost about one third as much as the silicon 
cells and are more resistant to damage by 
radiation. 

The GaAsP photodiodes have quartz 
windows. When used to measure ultra­
violet fluxes, the windows or other aper­
tures in the optical paths are covered with 
optical filters. To modify one of these pho­
todiodes for the x-ray application, one 
removes the quartz window and replaces 
it with an aluminum foil, which blocks Ul­
traviolet and visible radiation. 

To verify the concept, GaAsP cells were 
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tested with quartz windows, without win­
dow covering, and with windows of alu­
minum foil 1 mil (0.025 mm) thick. The 
figure presents the results of one of the 
tests, showing that the tested photodiode 
does indeed function as a detector of pho-

tons with energies from 20 to 100 keV. 
This work was done by Eric G. Laue of 

Caltech for NASA's Jet Propulsion Lab­
oratory. For further information, Circle 3 
on the TSP Request Card. 
NPO-17849 

~~ Hole-Impeded-Doping-Superlattice LWIR Detectors 
Detectors would operate at wavelengths up to 17 J.tm and temperatures above 65 K. 
NASA's Jet Propulsion Laboratory, Pasadena, California rier lifetime. Optimization of the doping pro­

file may be achievable with modern 
Hole-Impeded-Doping-Superlattice 

(HIDS) InAs devices have been proposed 
for use as photoconductive or photovoltaic 
detectors of radiation in the long-wave­
length infrared (LWIR) range of 8 to 17 pm 
There is scientific and military demand for 
arrays of such devices for imaging and 
spectroscopy, which would be compatible 
with silicon multiplexing and readout cir­
cuitry and which could operate at tem­
peratures above 65 K. Prior silicon LWIR 
detectors have required cooling to tem­
peratures below 12 K, and recent AIGaAs/ 
GaAs quantum-well LWIR detectors have 
lower sensitivity and require deflection of 
light into the planes of the semiconductor 
wafers, making development into imaging 
arrays more difficult. 

The HIDS concept is based on the 
growth of narrow-band'9ap semiconduc­
tors from groups III and V of the periodic 
table to form a superlattice with a doping 
profile that provides long-wavelength cutoff 
and impedes the interlayer hole conduct­
ance. Extrapolating from experience with 
GaAs devices (which operate at wave­
lengths of about 1 ·j.tm), the proposed de-

22 

vices would be fabricated by molecular­
beam epitaxy (MBE) of doped InAs on Si 
or GaAs substrates. 

The upper part of the figure illustrates 
a portion of an array of the proposed HIDS 
devices, and the lower part of the figure 
shows typical doping and energy-level pro­
files. The spatially oscillating doping pro­
file would cause the electron and hole 
potentials to oscillate correspondingly in 
such a way as to reduce the energy gap, 
Eg, between the valleys in the conduction 
band and the peaks in the valence band. 
This gap would depend on the concentra­
tions of dopants and the thicknesses of 
the layers and could be tailored to any 
value (to obtain the desired cutoff wave­
length) from zero to the Eg of undoped 
InAs. The oscillating profile would also 
cause separation of the peaks of the elec­
tron and hole wave functions; this effect 
is undesired in that it would reduce the ab­
sorption of the infrared photons of interest, 
but it could be kept within acceptable limits 
by use of high concentrations of dopants 
and, within these limits, would be offset 
by the beneficial effect of increased car-

"delta" sheet doping techniques during 
MBE growth. 

In the face of the impracticality of match­
ing the concentrations of electron-donor 
(n) and electron-acceptor (p) dopants pre­
cisely in the n+ and p+ layers, respective­
ly, it is beneficial to impede the conductivi­
ty for holes along the z axis (perpendicular 
to the planes of the layers). This would be 
done by making the barriers to holes (n+ 
layers) sufficiently thick. The small effec­
tive mass of electrons and thinner barriers 
to electrons (p + layers) allows electrons 
to penetrate perpendicularly to the layers 
fairly freely with good mobility, thus per­
mitting minority carrier electron collection 
at the n + contact layer. Although the 
smaller effective masses of the electrons 
(in comparison with the effective masses 
of the holes) would give rise to undesired 
greater quantization of energy levels in the 
electron-potential wells, this effect would 
be reduced by the greater thicknesses of 
the electron-potential wells (which coin­
cide with the hole-potential barriers). 

The upper figure illustrates either a pho­
tovoltalc or photo conductive detector, de-
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A. APPLICATIO~ EXAMPLE. 
While the following example is for air­
craft, it could apply to any air,land, sea 
or pace 5) tern, 

EQCENCE 0, E: The four-pu hbutton 
di play reads "E, 'Gl~ STARr "BAT­
TERY OK," "fUL OK," OXYGE' OK," 
The operator selects "E 'GL E START." 
SEQ ENeE TWO: The four­
pushbutlon dbplay now changes 10 
read "E~GI~E OK," "H¥nRLC OK," 
.. POWER OK ," "CHECK LIST" The oper­
ator selects "CHECK LI T." 
SEQL E~CE THREE: The four­
pushbutton dipla) now read "CHECK 
ICE," "CHECK FLAP ," "CHECK 
BRAKE," "SYSTE~I OK," In this man­
ner, the designer can program in as 
many equences as requi red, 
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Metal Contacts 
for Two 

Picture Elements 

PORTION OF IMAGING ARRAY OF HIDS DEVICES 
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Depth (2) Into Material 

DOPING AND ENERGY·LEVEL PROFILES 

Common 

p+ 
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An Array of HIDS Devices would be fabricated on a substra 
GaAs or Si. Radiation would be incident on the back surface, 
the metal contacts for the picture elements would serve as re 
tors, effectively doubling the optical path and thereby increasin! 
absorption of photons. 

pending on whether the lower InAs contacting layer is p+or n+, 
respectively. It would also be desirable to grow a p+GaAs layer 
overthe exposed etched grooves to provide surface passiva­
tion and improved hole contact. The photoconductive detector 
offers advantages of high gain and high impedance; the 
photovoltaic detector offers lower noise and a better interface 
to multiplexer readouts. 

This work was done by Joseph Maserjian of Caltech for 
NASA's Jet Propulsion Laboratory. For further information, 
Circle 51 on the TSP Request Card. 

This invention is owned by NASA, and a patent application 
has been filed. Inquiries concerning nonexclusive or exclusive 
license for its commercial development should be addressed 
to the Patent Counsel, NASA Resident Office-JPL [see page 
16]. Refer to NPO-17BBO. 

High-Gain AlxGa
1
_xAs/GaAs 

Transistors for Neural Networks 
Darlington pairs exhibit current gains of 4,000. 

NASA 's Jet Propulsion Laboratory, 

Pasadena, California 
High-gain AI.Ga1_.As/GaAs npn double heterojunction 

bipolar transistors have been developed for use as 
phototransistors in optoelectronic integrated circuits , espe­
cially in artificial neural networks. In the contemplated 
optoelectronic implementation of a neural network, a 
two-dimensional array of photodetectors , saturating 
amplifiers, and light sources would be integrated on a 
monolithic circuit chip. Each light source would represent the 
output of a neuron; the light would be diffracted to 

SET YOUR STANDARDS!! 
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Our concise color photographs, illustrations, and descriptive text depict levels of 
production processes in a range of acceptability from preferred to not acceptable. 

A VALUABLE ADDITION TO YOUR INSPECTION PROGRAM. 

IWARTIN IWARIETTA 
Telephone: (407) 356-4769 
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DOPINO PROALE 

This AlxGa,_xAs/GaAs npn Double-Heterojunction Bipolar 
Transistor was grown epitaxially by metal-organic chemical­
vapor deposition. The concentration of dopant was measured by 
an electrochemical profiler. 

other neurons by holographic optical elements. When the 
total optical input to a neuron was below a threshold level . 
the output of the neuron would be zero. When the total input 
exceeded that level . the output of the neuron would rise to 
a saturation value. AlxGa,.xAs/GaAs double-heterojunction 
bipolar transistors would perform both the photodetection 
and saturating-amplification functions of the neurons. These 
transistors are good candidates for such an application 
because they are structurally compatible with laser diodes 
and light-emitting diodes. can detect light. and can provide 
the high current gain needed to compensate for losses in the 
holographic optical elements. 

The developed transistors (see figure) were grown epi­
taxially by metal-organic chemical-vapor deposition on semi­
insulating substrates of (1 OO)-oriented GaAs doped with Cr, 
The GaAs and AlxGa,_xAs layers were grown from Ga(CH:J3' 
AI(CH3)3' and AsH3 gases in H2 carrier gas. The p and n 
dopants were ln and Si, respectively . During the growth of 
the layers. the temperatures ot the substrates were main­
tained at about 730°C. 

To obtain large current gain. it was necessary to sup­
press diffusion ot Zn out of the base layer during the 
deposition process_ A reduction in the deposition tempera­
ture would have had this effect but would also have resulted 
in a greater number of undesired nonradiative recombina­
tion centers in the light sources that would eventually be 
integrated with the transistors. The nonradiative recombi­
nation centers will signif icantly degrade performance of the 
light sources. Therefore. to reduce the out-diffusion of In. 
the concentration of ln was reduced below what would 
otherwise be considered normal for transistors of this type. 
In general, a reduction in the base doping causes an increase 
in the base resistance and a consequent increase in the 
NASA Tech Briefs. September 1991 



switching time of the transistors. However, 
in a neural network, even a relatively long 
switching time of 1 p.s is acceptable. 

In tests of electrical characteristics, 
a transistor of the new type exhibited 
a common-emitter current gain of 50()' 
A wire-connected pair of such transistors 
in the Darlington configuration exhibited 
an overall current gain of 4,000, which 
more than satisfies the estimated require-

ment of 2,500 for an optoelectronic neural 
network. An experimental monolithic 
10 x 10 array of optoelectronic neurons 
was built, and the fully functional opera­
tion of the neuron arrays was successful­
ly demonstrated. 

This work was done by Jae-Hoon Kim 
and Steven H. Un of Caltech for NASA's 
Jet Propulsion Laboratory. For further 
information, Circle 22 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 develo,r 
ment should be addressed to the Patent 
Counsel, NASA Resident Office.JPL [see 
page 16]. Refer to NP0-18101. 

Alternative AlxGa1_xAs/GaAs Transistors for Neural Networks 
Current gain is increased through reduction of bulk leakage and surface-recombination currents. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

Further development efforts have yield­
ed an alternative version of the transistors 
described in the preceding article, "High­
Gain AlxGa1_xAs/GaAs Transistors for 
Neural Networks" (NPO-18101). These ef­
forts have focused on determining the ef­
fects of various aspects of the design and 
of the fabrication processes upon leakage 
currents and, consequently, on current 
gains. 

It is difficult to obtain high and repro­
ducible current gains in double-hetero­
junction bipolar transistors with bases con­
taining diffused zinc like those of the 
preceding article largely because such 
transistors have leakage currents much 
greater than those of the more-conven­
tional etched-base double-heterojunction 
bipolar transistors. The leakage currents 
are mainly caused by recombinations of 
charge carriers in the depletion regions, 
in the bulk regions, and on the surfaces. 
Furthermore, the diffusion of the Zn dop­
ant out of the base region at the high 
fabrication temperatures can destroy the 
integrity of the emitter-base heterojunction. 

The figure shows the alternative tran­
sistor configuration. Research on the 
aforementioned and other factors that af­
fect current gains led to the conclusion 
that the current gain of such a transistor 
could be maximized by (1) reducing the 
leakage currents that flow laterally through 
the homojunction between the zinc-dif­
fused eX1rinsic Alo.3Gaa.7As base layer 
and the Alo.3Gaa.7As emitter layer, (2) re­
ducing the thermal degradation, during 
fabrication, of minority-carrier lifetime in 
the base, and (3) optimal control of the dif-

emitter 
Contact 

So .. 
Contact 

n+ Cap: GaAs. 
n = 1.4xl01S cm- 3 

Undoped GoA. 

Emllter.A10.3Gao.7AS, 

~=-IIIJIJIt;::~ n = 4.2 X 10
17 

cm-3. 
~ t = 1.11'm 

This Zinc-Diffused­
Extrinsic-Base 
Double-Heterojunc­
tion Bipolar Transis­
tor differs from the one 
described in the pre­
ceding article in the 
design and fabrication 
of the connection be­
tween the external 
metal contact and the 
intrinsic base layer. 

Spacers. 
t = 100 A 

n+ 

Collector. AIo.~ao.7Aa, 
n n = 1.6x 1017 cm- 3• t = 1.21'm 

SubcotlectOt: GoA •• 
n = 1018 cm -3,t = 0.51'm 

Seml·lnsulatlng GaAs Substrate 

Notes: 
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IntrlnsJc Base: GaAs, 
p = 2)(1017cm- 3, 
t = 0.151'm 

COllector 
COntact 

1. "pOI and "n" denote the concentrations 
of p and n dopants, respectively. 

2. "'" denotes thickness.. 
3. p dopant Is Zn; n dopant Is SI. 

fusion of Zn as a function of temperature 
and time during fabrication. 

Specifically, the lateral leakage currents 
can be suppressed by etching an isolating 
channel between the emitter and extrin­
sic base regions. The highest current gain 
is obtained when the channel is etched to 
a depth that leaves a deplet~ A10.3Gaa.~ 
emitter layer about 1,000 A thick cover­
ing the intrinsic base layer. The reason is 
that at this optimal etching depth, the sur­
face-depletion layer and the intrinsic base­
emitter-junction-depletion layer can punch 
through and the leakage currents are ef­
fectively blocked from the emitter periph­
ery. This layer acts as a passivation layer 
and reduces the surface-recombination 
currents aw well. The depth of diffusion 
of zinc to form the eX1rinsic base layer is 

controlled accurately so that it reaches the 
base layer and so that the diffusion proc­
ess causes minimal degradation of the 
minority-carrier lifetime in the intrinsic base 
layer. 

Specimens of the transistors exhibited 
dc common-emitter current gains as high 
as 200. With further improvements in de­
sign and processing, it may be possible 
to obtain gains comparable to those of the 
etched-base transistors. A monolithically 
integrated Darlington pair of such tran­
sistors exhibited an overall current gain of 
6,000. 

This work was done by Jae-Hoon Kim 
and Steven H. Lin of Caltech for NASA's 
Jet Propulsion Laboratory. For further 
information, Circle 6 on the TSP Request 
Card. NPO-18177 

r~ High-Power AIGaAs Quantum-Well Lasers on Si Substrates 
Improved devices are made by migration-enhanced molecular-beam 
epitaxy and metalorganic vapor-phase epitaxy. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A1xGa1-0S lasers of the graded-index­
of-refraction, separate-confinement-heter­
ostructure, single-quantum-well type have 
been fabricated on silicon substrates by 
migration-enhanced molecular-beam 

26 

epitaxy followed by metalorganic vapor­
phase epitaxy. These lasers are interme­
diate products of a continuing effort to de­
velop low-threshold-current, high-efficiency 
lasers for parallel optical interconnections 

between large-scale optoelectronic inte­
grated circuits. 

Figure 1 illustrates the composition-vs.­
depth profile of one of these lasers. The 
initial (leftmost in this figure) layer of GaAs 
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Figure 1. The Atomic Fraction, x, of Aluminum in AlxGa,_xAs is plotted as a function 
of distance (decreasing depth) from the surface of the Si substrate. 

doped with silicon (n dopant) was grown 
by migration-enhanced molecular-beam 
epitaxy on an n-doped silicon (100) sub­
strate tilted 4 ° toward the [110] direction. 
In this particular version of migration-en­
hanced molecular-beam epitaxy, two sub­
layers of the initial GaAs layer were depos­
ited in the following sequence: 
1. The first 150 monolayers of GaAs were 

grown by migration-enhanoed molecular­
beam epitaxy, in which Ga and Iv:, beams 
were supplied alternately and the sub­
strate was heated to $ 400 °C - less 
than the conventional molecular-beam­
epitaxy temperature of ~ 580 °C - to 
reduce the density of defects. 

2. The second sublayer, 1.5 to 2.0 IJ1T1 thick, 
was grown by molecular-beam epitaxy 
that was conventional in that Ga and As 
beams were supplied simultaneously but 
unconventional in that the temperature 
was kept $400 °C. 
The AlxGa1_~ layers of the graded­

index-of-refraction, separate-confinement­
heterostructure quantum well were depos­
ited by metalorganic vapor-phase epitaxy 
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at a temperature of 750°C and a pressure 
of 76 torr (10 kPa). The sources of gallium, 
aluminum, and arsenic were trimethylgal­
lium, trimethylaluminum, and arsine, re­
spectively; the sources of the p dopant 
(zinc) and the n dopant (silicon) were 
diethylzinc and silane in hydrogen, respec­
tively. The heterostructures thus depoSited 
were fabricated into lasers by cleaning, 
polishing, deposition of metal contacts, 
and cleavage along the [011] direction to 
form the laser facets. 

The lasers were tested and found to 
have excellent current-vs.-voltage charac­
teristics that included sharp forward turn­
on at 1.1 V and reverse breakdown at 8 V. 
Figure 2A shows the output power as a 
function of injection current of a laser with 
a cavity length of 500 Ilm and a stripe dif­
ferential width of 110 Ilm, without coating 
on the facets, at room temperature. This 
plot indicates a differential quantum effi­
ciency of 40 percent. It also indicates a 
300-mA threshold current, which cor­
responds to a threshold current density of 
550 IVcm2 - considerably better than 

the 1- to 2-kA!cm2 threshold-current den­
sity of prior AI}(GaHCAs lasers on Si 
substrates. In addition, the peak output 
power of more than 400 mW per facet may 
be the highest peak power observed to 
date on low-threshold-current lasers on Si 
substrates. The laser shows stable opera­
tion to more than 400 mW per facet at 
61th. The full width at half maximum of the 
farfield pattern in Figure 28 varies from 3° 
to 6° over the entire pumping range. 

This work was done by Jae-Hoon Kim, 
Robert J. Lang, Gouri Radhakrishnan, and 
Joseph Katz of Caltech for NASA's Jet 
Propulsion Laboratory. For further infor­
mation, Circle 5 on the TSP Request Card. 
NPO-17988 
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Figure 2a. The Output vs_ Injection Cur­
rent of a laser of the type described in 
the text indicates a differential quantum 
efficiency of 40 percent and a threshold 
current of 300 rnA. Figure 2b. The Far-Field 
Patterns of a laser are plotted as a 
function of angle at different pumping 
levels_ 
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Resistor Extends Life of Battery in Clocked CMOS Circuit 
The circuit is operated at low power to reduce current drain. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
The addition of a fixed resistor between 

a battery and a clocked complementary 
metal oxide/semiconductor (CMOS) circuit 
(see Figure 1) reduces the current drawn 
from the battery. This simple expedient can 
prolong the lives of batteries in such low­
power CMOS circuits as watches and 
calculators. 

The basic idea is to minimize the cur· 
rent drawn from the battery by operating 
the CMOS circuit at the lowest possible 
current consistent with the use of simple, 
fixed off-the·shaft components. The prin· 
ciple of operation is illustrated in Figure 
2, which shows the nonlinear current·vs.­
voltage characteristics of the circuit in 
question. The upper and lower curves de­
note the limits of unit-to-unit and thermal 
variations in these characteristics. 

To provide enough power under worst· 
case conditions (the lower curve), it is nee· 

Bypass 
Capacitor 

Figure 1. The Resistor In Series With the 
Battery reduces the current drawn by the 
CMOS circuit, thereby prolonging the life 
of the battery. The bypass capacitor 
smooths out operating transients. 

c 
~ 
:; 

(.) 

i Minimum 
~ Operating 

Current 

A 

Weak Fresh 
Battery Battery 

Figure 2. The CMOS Circuit operates at the 
intersection of the applicable straight line 
and the applicable nonlinear current-vs.­
voltage characteristic. The current drain 
with resistance added is much less than 
it is without resistance added. 
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essary to set the battery voltage fairly high. 
As a result, the battery, which has low re­
sistance. would initially drain at a rate great· 
er than that required by the CMOS circuit 
unless a power~itioning circuit of some 
kind were added. In this case, the fixed 
resistor (typically> 100 kO) in series with 
the battery acts as the power conditioner, 
allowing the CMOS circuit to effectively 
regulate its own operation to a lower volt-

Designing the Future 
with Algor 

age and current. When the battery is fresh, 
the operating point lies somewhere along 
the line between points C and D. When the 
battery is weak, the operating point lies on 
the line between points E and F. 

Fbint F is the point of minimum op­
erating current. Because this current is 
relatively low, the resistor has little ef­
fect near the end of the useful life of the 
battery; that is, even if the series resistor 

"Algor's FEA Design System has excellent processors, powerful graphics 
and accuracy at a price that has no match on the market" Stefan B. Delin, 
Ph.D., Sr. Analytical Engineer, Schaeffer Magnetics, Inc., Chatsworth, CA. 

When Schaeffer Magnetics, a com­
pany with 24 years of spaceflight 
component deSign experience, was 
asked to provide actuators for ASA's 
Flight Telerobotic Servicer (FTS), they 
turned to Algor engineering software 
to optimize their design. 

The FTS Is designed to perform a 
variety of tasks in space. including 
the assembly and maintenance of 
spacecraft. The actuators are the 
'~ojnts" for the arms and legs of the 
FTS. There is no room for comprornlse 
in the deSign of such critical COID­

ponents for this vital system. That's 
why Schaeffer Magnetics chose Algor. 

Algor engtneering software is the 
chOice of more than 5,000 engineers 
worldwide because it's more powerful, 
easier to use, better supported and 
less cosUy than competitive systems. 

High level service at low cost is a 
key component of Algor's success. 
Every Algor customer gets a full year 
of technical support and free 
upgrades, a monthJy newsletter and 
access to a low cost. long term main­
tenance program . Plus , Algor 
performs training classes and cus­
tomized , on-site seminars almost 
every day. 

Schaeffer Magnetics is building the 
future with Algor. You can, too. Phone 
or fax today for our comprehensive 
technicaJ literature package. 
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were shorted out once the current fell to 
the minimum, the current would soon fall 
to the minimum again. 

This 'NOrk was done by George H. Wells, 
Jr. of Ca/tech for NASA's Jet Propulsion 
laboratory. For further information, eir-

c/e 120 on the TSP Request Card. 
NPO-17967 

End-Loaded, Cavity-Backed, Cross-Slot Antennas 
Advantages include lower losses, lighter weights, smaller sizes. and greater bandwidths. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
End-loaded, cavrty-backed, cross·slot an· 

tennas are being developed for use in the 
mobile/satellite service and other similar 
commercial services. These antennas are 
intended to transmit and receive in circular 

polarization at frequencies between 1 and 
2 GHz. They can be fabricated and tuned 
to their operating frequencies fairly easi­
ly. In comparison with prior crossed-slot 
antennas, they weigh less, cost less, and 

1',--...-~ .... 
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exhibit lower electrical losses. 
Crossed-slot antennas, including cavity­

backed versions, have been used before. 

Air or Coaxial 
Copper Dielectric Connector 

Filling 

BASIC CROSSED·SLOT CONFIGURATION 

CROSSED·SLOT CONFIGURATIONS 
WITH VARIOUS END LOADS 

Cavlty·Backed Cross·Slot Antennas can 
be made without end loading or with end 
loading tailored to obtain various desir­
able electrical characteristics. 
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End loading has also been used before in 
antennas of other types to decrease the 
resonant lengths of radiating elements. In 
this case, the crossed-stot, cavity-backed 
and end-toaded-antenna concepts are c0m­
bined to obtain the advantages of all three. 

The figure illustrates cavity-backed 
cross-slot antennas both without end 
loading and with several different end­
loading shapes. The feed lines are con­
nected via four straight coaxial probes 
placed symmetrically at 90° intervals. Pro­
ceeding in a circle around the center, each 
probe is excited 90° out of phase with 
respect to the preceding probe. Because 
each pair of geometrically and electrical­
ly OPPOSing probes lies in the null field of 
the other pair, cross-polarization is mini­
mized. The center conductor of each 
probe is soldered to the top (slotted) plate 
of the cavity, while the outer conductor is 
soldered or otherwise fastened to the bot­
tom plate. 

The end loading (widening at the ends) 
increases the electrical length of a slot, 
thereby decreasing its resonant frequen­
cy (or, equivalently, making it possible to 
use a shorter slot to obtain a given reso­
nant frequency). Thus, by use of end load­
ing, one can make the antenna smaller 
(and, therefore, lighter in weight). Alterna­
tively, one can exploit this effect to counter­
act the decrease in electrical length (or, 
equivalently, the increase in resonant fre­
quency) that occurs upon removal of the 
dielectric filling from the cavity. 

These antennas have very good radio­
frequency characteristics. Antennas with 
air-filled cavities exhibit lower losses than 
do those with dielectric-filled cavities, and 
the elimination of the dielectric reduces 
weight. Moreover, air-filled-cavity antennas 
have larger bandwidths (lower voltage 
standing-wave ratios over wider frequen­
cy ranges) and, in comparison with anten­
nas that contain low-loss dielectrics, are 
less expensive. These antennas do not re­
quire external tuning circuits, and the 
elimination of these circuits reduces both 
costs and electrical losses even further. 

This v.ork was done by Farzin Manshadi 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Cir­
cle 88 on the TSP Request Card. 

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

Edward Ansell 
Director of Patents and Ucensing 
Mail Stop 305-6 
California Institute of Technology 
1201 East California Boulevard 
Pasadena, C4 91125 

Refer to NP0-18100, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 
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US government R&D pro­
grams have created a $65 bil­
lion technology storehouse that's 
available to you now for use in 
developing new or improved prod­
ucts and processes. Technology 200 1 
will show you how to tap into this 
incredible resource to increase your 
productivity and competitiveness, and 
will introduce you to America's premier 
researchers and technology managers, in­
cluding top experts from NASA, the Environ­
mental Protection Agency, the National Sci­
ence Foundation, and the departments of Ag­
riculture , Commerce, Defense, Energy, Health 
and Human Services, Interior, Transportation, and 
Veterans Affairs. 

Technology 2001 will feature: 

>- Over 40,000 square feet of exhibits by federal labo­
ratories, their prime contractors, and other high-tech 
firms and universities with cutting-edge inventions 
available for license or sale; 

>- 120 symposia presentations spotlighting new 
advances with commercial promise in such critical 
areas as biotechnology, electronics, materials sci­
ence, and manufacturing technology; 

>- Government-Industry Workshops covering vital infor­
mation on patent licensing, Cooperative Research 
and Development Agreements, and Small Business 
Innovation Research contracts. 

Plus these special events: 

>- A Pre-Show Reception on Monday, Dec. 2 in the 
exhibit hall , offering attendees and the media the 
chance to preview the exhibits and meet the present­
ers in a relaxed , informal atmosphere; 

>- The second annual Technology Transfer Awards Din­
ner, recognizing outstanding achievements in tech 
transfer to industry. This event offers a unique oppor­
tunity to network with government and industry execu­
tives in an elegant setting-the Imperial Ballroom of 
the San Jose Fairmont Hotel. (Seating is limited, so 
reserve tickets early!) 

Concurrently with Technology 
2001 , the federal government 

is holding a special conference 
on Intelligent Processing Equip­

ment-one of four critical manu­
facturing technologies identified in 

a recent report to President Bush. 
Fifteen federal organizations will brief 

-industry on new developments in robot­
ics, sensors, and controls that will shape 

the future of manufacturing. The confer-
ence-consisting of symposia, industry-gov­

ernment discussion panels, and exhibits-is 
open to Technology 2001 attendees at no 

additional charge. 

Who Should Attend Technology 2001 
Research directors, project leaders, design engi­

neers, scientists, business executives, and other pro­
fessionals who manage technology, and who need 

to stay on the cutting edge to remain competitive in 
the global marketplace. 

Do not miss this opportunity to access a wealth of 
federally-developed technology, meet the key play­
ers in government and high-tech industry, and dis­
cover tomorrow's innovations, today. 

Show Schedule 
Monday. Dec. 2 

6:00 pm - 8:00 pm 
Tuesday. Dec. 3 

9:00 am -10:30 am 
1:00 pm - 3:00 pm 
4:30 pm - 6:00 pm 

Wednesday. Dec. 4 
8:30 am -10:30 am 
1:00 pm - 3:00 pm 
4:30 pm - 6:00 pm 
7:00 pm -10:00 pm 

Thursday. Dec. 5 
8:30 am -10:30 am 
1:00 pm - 3:00 pm 
4:30 pm - 6:00 pm 

Exhibit Hours 

Opening Reception 

Plenary Session 
Technical Sessions 
Govt./lndustry Workshops 

Technical Sessions 
Technical Sessions 
Govt./lndustry Workshops 
Awards Dinner 

Technical Sessions 
Technical Sessions 
Govt./lndustry Workshops 

Dec. 3 10:00 am - 5:00 pm 
Dec. 4 10:00 am - 5:00 pm 
Dec. 5 10:00 am - 4.30 pm 



Technology 2001 Exhibitors 
Here are some of the more than 200 government R&D centers, universities, 

and high-tech firms exhibiting at Technology 2001: 

Aerospace Lubricants Inc. 
Aerospatiale 
Agema Infrared Systems 
Air Force Manufacturing 

Technology Directorate 
Air Force Systems Command 
Ambassador Marketing 
American Ceramic Society 
American Welding Society 
Ames Laboratory 
Ames Research Center 
Ames Spatial Auditory 

Display Lab 
AMPEX 
Analytical Graphics 
Armstrong Laboratory 
Army Laboratory Command 
Arthur D. Uttle Inc. 
Assoc. of American Railroads/ 

US Department of 
Transportation 

Astro-Med Inc. 
Bend Research 
BF Goodrich Aerospace 

Super-Temp 
Biltech Inc. 
Bit 3 Computer Corp. 
Brookhaven National 

Laboratory 
Califomla Institute of 

Technology 
Co meg Ie Mellon Robotics 

Institute 
Center for Aerospace 

Information 
Ceracon Inc. 
Corning Inc. 
COSMIC 
Crystal River Engineering 
Cybemet Systems 
Datatape Inc. 
Department of Energy 
Design & Evaluation Inc. 
Dlgiray Corp. 
Earth Observation Sotellite 

Company 
Eastman Kodak Company 
European Space Agency 
Fabric Development Inc. 

Fermi National 
Accelerator Lab 

FUR Systems Inc. 
Goddard Space Flight Center 
Govemment of Israel 

Trade Center 
Hamilton Technologies 
Hardigg Industries 
Heimann Infrared Divislonl 

Pyrometrics Corp. 
HemcoCorp. 
Hi-Techniques 
Hitachi Denshl America Ud. 
HTS Inc. 
Idaho National 

Engineering Lab 
industrial Materials 

Technology Inc. 
information Handling Services 
inframetrics Inc. 
integrated Engineering 

Software 
integrated Systems Inc. 
Intei Corp. 
Interfinance Corp. 
IXYS Corp. 
James Grunder & Assoc. 
Jet PropulSion Laboratory 
Johnson Space Center 
JP Technologies Inc. 
Keane Controls Corp. 
Kennedy Space Center 
Langley Research Center 
Lawrence Livermore Nationai 

Laboratory 
Lewis Research Center 
Los Alamos National Lab 
Luxtron Corp .. Accufiber 

Division 
Magna Engineering Inc. 
Mantech/NSi 
Marshall Space Flight Center 
Martin Marietta Energy 

Systems 
Mathworks inc. 
McClellan Air Force Base 
Mechanical Technoiogy inc. 
Metalworking Technology Inc. 
Metrum 

Mlkfon Instrument Co. Simmonds Precision Aircraft 
Morgantown Energy Systems 

Technology Center SMTEK 
NASA Solar Energy Research Institute 
NASA Regional Technology Sorbilite inc. 

Transfer Centers South Carolina Universities 
NASA Smali Business Research 

Innovation Research Specialty Steel & Forge 
NASA Tech Briefs Spiral Software 
National Center for Stanford Research Institute 

Manufacturing Sciences Stardent Computer Inc. 
National Institute of Allergies & Statistical Sciences Inc. 

Infectious Diseases Stennis Space Center 
National Institute of Standards Stephens Analytical 

and Technology Stereographlcs Corp. 
National Space Society Strategic Defense Initiative 
Naval Air Warfare Center Organization 
Naval Research Laboratory Sun Mlcrosystems 
NERAC Inc. Superior Products 
NIAC Symbolics 
Novespace TechLaw Group 
Numerical AlgOrithms Group Technical Insights Inc. 
NYMA Inc. Technology Access Report 
Ohio Aerospace Institute Technology Center of 
Olympus Corp. Silicon Volley 
Oracle Corp. Technology Targeting Inc. 
Pacific Northwest Laboratory Technology Transfer Society 
Pasha Publications Tennessee Technology 
Patton & Patton Software Foundation 
Phillips Laboratory Thin Film Technology Inc. 
Pittsburgh Energy Technology Tlodlze Inc. 

Center Ultramet 
PMS Electro·Optics United Magnet Technologies 
Princeton Plasma Physics University of Dayton Research 

Laboratory Institute 
Proto Manufacturing Ltd. US Geological Survey 
Quantum Devices Ltd. VA Medical Center. Rehab 
Raytheon Company R&D Center 
RGB Spectrum Vector Aeromotive Corp. 
RG Hansen & Associates Virginia Center for Innovative 
Ribbon Technology Corp. Technology 
Rockwell Intematlonal Wisconsin Center for Space 
Rome Laboratory Automation and Robotics 
Solco Circuits Wolfrom Research 
Sandia Notional Laboratories Wright Laboratory 

For information on having your organization exhibit at 
Technology 2001, call Justina Cardillo or Evelyn Mars 
at (800) 944-NASA. In NY, call (212) 490-3999. 

Photo: Vector Aeromollve Corp. 



Technology 2001 

Tuesday, December 3 

I Plenary Session 
9:00 am-10:30 am 

(Speakers to be announced) 
9:00: Welcome 
9: 15: Keynote Address 
9:50: Technology 2001 Overview 
10: 15: Intelligent Processing 

Conference Overview 

Concurrent Technical Sessions 
1:00 pm-3:00 pm 

Each presentation will last 30 minutes. 
Including a question and answer 
period. Registrants may attend whole 
sessions (four presentations) or individual 
presentations from a number of different 
sessions. Meeting rooms are situated in 
close proximity for easy and quick 
movement during sessions. Room 
assignments will be listed in the final 
program distributed at the show. 

(Session A 1) 

Advanced Manufacturing 
Ceramic Susceptor for Induction 
Bonding of Metals, Ceramics, and 
Plastics 
John D. Buckley. Senior Research 
Engineer. and Robert L. Fox. Electronics 
Technician. Langley Research Center 

Langley researchers have developed a 
thin flexible carbon susceptor to join 
ceramics. plostics. metals. and combina­
tions of these materials. using a unique 
induction heating process that dramati­
cally reduces bonding times. The novel 
carbon susceptor allows application of 
heat directly and only to the bond line. 

Applying NASA's Explosive 
Seam Welding 
Laurence J. Bement. Senior Pyrotechnic 
Engineer. Langley Research Center 

An explosive seam welding process 
created for aerospace use is finding a 
wide range of industrial applications. 
The process can be used to join 
aluminum and steel alloys. copper. 
bross, titanium. ond other metals in 
thicknesses from 0.25 to 4.7 mm. and to 
remotely plug tubes. 

Laser-Based Weld Joint 
Tracking System 
Alan Looney, Welding Engineer, 
Marsholl Space Flight Center 

A loser-based system developed to 
control and monitor welding operations 
on space vehicles has been modified to 
provide a weld joint tracking system for 
industrial applications. The weld beam 
profiler features a precision loser-based 

vision sensor. automated two-oxis 
machine motion. and on industrial PC 
controller. It eliminates weld repairs 
caused by joint tracking errors. reducing 
manufacturing costs. 

Precision Joining Center 
J . W. Powell. Joining Technology, EG&G 
Rocky Flats 

Mr. Powell will describe a new center 
designed to provide a training ground 
for precision joining techniques. The 
center will transfer this advanced 
technology from the Department of 
Energy weapons complex and joining 
equipment manufacturers to US 
industries. through the training of 
technologists and engineers in such 
areas as process control. data acquisi­
tion . and joining. 

(Session A2) 

Biotechnology 

Cooperative Research and 
Development Opportunities with the 
National Cancer Institute 
Dr. Kathleen Sybert, Deputy Director. 
Office of Technology Development. 
National Cancer Institute 

The National Cancer Institute 's Office of 
Technology Development negotiates 
Cooperative Research and Develop­
ment Agreements with university and 
industry investigators for the develop­
ment of new products to diagnose and 
treat cancer and AIDS. Drug screening . 
preclinical testing . clinical trials. and 
AIDS program capabilities form the 
basis for this new technology traf)sfer 
vehicle. 

Technologies for the Marketplace 
from the Centers for Disease Control 
Frances L. Reid-Sanden and R. Eric 
Greene. Technology Transfer Office. 
Centers for Disease Control 

The Centers for Disease Control 
develops and transfers technologies 
designed to prevent and control 
disease and injury. Recent innovations 
include a vaccine against hepatitis A. a 
recombinant rabies vaccine. mono­
clonal antibodies for the detection of 
legionellae. a rapid method to diag­
nose human cysticercosis. and a variety 
of devices to ensure worker s9fety. 

Enhancement of Biological Control 
Agents for Use Against Forest Insect 
Pests and Diseases 
Dr. James M. Siavicek, Project Leader, 
US Forest Service Northeastern Forest 
Experiment Station 

Dr. Slavicek will describe new biological 
control agents for use against forest pests 

Program 
such as the gypsy moth and diseases 
such os tree vascular fungal wilts. 

Use of T7 Polymerase to Direct 
Expression of Outer Surface Protein A 
(OspA) from the Lyme Disease 
Spirochete, Borrelia burgdorferi 
John J. Dunn. Senior Scientist. 
Brookhaven Nationol Laboratory 

Brookhaven researchers have cloned 
the ospA gene of Borrelia burgdorfer/, 
the spirochete that causes Lyme 
disease. They are testing the resultant 
truncated protein for use as an immuno­
gen in a vaccine against Lyme disease. 

(Session A3) 

Communications 

Commercial Applications of ACTS 
Mobil Terminal Millimeter-Wave 
Antennas 
Arthur C. Densmore. Antenna System 
Manager, and Rick A. Crist. Microwave 
Processor Sub task Manager. Jet 
Propulsion Laboratory 

A JPL research team is developing low­
profile. high-gain millimeter-wove 
antennas for future communication 
systems. Commercial opportunities 
include advanced land-mobile satellite 
communications. hybrid satellite/ 
cellular systems, remote satellite news 
gathering, aeronautical and maritime 
satcom. and handheld personal 
satellite communications. 

Antennas for Mobile Satellite 
Communications 
John Huang. Jet Propulsion Laboratory 

The NASA-sponsored Mobile Satellite 
Experiment program has generated 
several innovative microstrip antennas 
at L -bond frequencies. Due to their thin 
profile. surface conformability. light 
weight. and low manufacturing cost. 
microstrip antennas are finding increas­
ing applications in land-mobile satellite 
communications. 

MMIC Linear-Phase and Digital 
Modulators for Space Communica­
tions Applications 
Narayan R, Mysoor, Jet Propulsion 
Laboratory, and Fazol Ali. Pacific 
Monolithics 

This presentotion will review the design 
concepts. analyses, and development 
of monolithic microwave integrated 
circuit (MMIC) modulators for the next 
generation of space-borne communi­
cation systems. Commercial applica­
tions include phased arrays, satellite 
systems. and microwave systems that 
require continuous phose control in 
trimming multiple channels. 



Pha.sed-Array Antenna Beomforming 
Using an Optical Processor 
Louis P Anderson. Hughes Aircraft 
Company. and Richard Kunath. Lewis 
Research Center 

Phased-orray antennas are playing an 
increasingly impartant role in radar and 
communications applications. and will 
soon become the preferred way to 
achieve fixed spot. scanning spot. 
multiple spot. and other multi-functional 
beams for satellite communications. The 
presenters will discuss how a lightweight 
optical-processor -based b~amformer 
con provide the required opel ture 
excitations using a single lightweight 
network. 

(Session A4) 

Computer Graphics 
and Simulation 

Global Positioning System Supported 
Pilot's Display 
Marshall Scott. Systems Engineer. 
Kennedy Space Center 

A new cockpit display for pilots of test 
aircraft uses the Global Positioning 
System to calculate aircraft position. This 
data is displayed graphically along with 
the runway. the desired flight path. and 
"fly-by· alignment needles. 

Application of Technology Developed 
for Flight Simulation 
Jeff I. Cleveland. Aerospace 
Technologist. Langley Research Center 

Langley researchers are employing 
supercomputers for mathematical 
model computation to support real­
time flight simulation. Mr. Cleveland will 
discuss commercial spinoff of these 
techniques in fields such as nuclear 
process control. power grid analysis. 
process monitoring. and chemical 
processing. 

FAST: A Multi-Processed Environment 
for Visualization of Computational 
Fluid Dynamics 
Gordon V. Bancroft. Fergus J. Merritt. 
Todd C. Plesse/. Paul G. Ka/alta. R. Kevin 
McCabe. and AI Globus. Research 
Scientists. Sterling Zero One Inc 

This presentation will focus on the Flow 
Analysis Software Toolkit (FASD. a 
software system for visualization and 
analySiS of complex flUId flows. FAST is 
extensible and able to handle a wide 
range of problems. It can be adapted 
to new software and hardware 
configurations through modular 
structured programming methods. a 
graphics library standard. and common 
network communication protocols. 

A Full- Parallax Holographic Display for 
Remote Operations 
Helene P. lavecchia. CSC/Analytics Inc.: 
Lloyd Huff. University of Dayton Re­
search Institute; and Neville I. Marzwell. 
Jet Propulsion Laboratory 

A near-real-time. full-parallax holo­
graphic display system developed for 
Jet Propulsion Laboratory could provide 
a 3D display for remote handling 
operations in hazardous environments 
on Earth and in Space. 

(Session AS) 

Electronics 

Nonvolatile, High-Density, High­
Speed, Magnet-Hall Effect Random 
Access Memory 
Jiin-Chuan Wu. Romney R. Katti. and 
Henry L. Stadler. Flight Command and 
Data Management Systems. Jet 
Propulsion Laboratory 

A radiation-hard. nonvolatile random 
access memory cell (MHRAM) with a 
density of 1 Mbit/cmz and an access 
time of less than 100 nsec is being 
developed using a magnet-Hall effect 
element. Such a memory will have a 
very competitive performance/price 
ratio to replace current commercial 
nonvolatile memory technologies. 
including ROM. EPROM. EEPROM. and 
Flash EEPROM. and will be competitive 
with static RAM for many applications. 

Analog VLSI Neural Network 
Integrated Circuits 
Francis Kub. Head. Microelectronic 
Device Physics Section. Naval Research 
Laboratory 

Using a standard CMOS foundry 
process. Navy researchers have 
fabricated analog VLSI vector-matrix 
multiplier integrated circuit chips that 
perform vector-matrix multiplication 
operations at speeds up to 3 billion 
multiplications per second. Such hlgh­
speed operations are required for 
artificial neural networks and many 
signal processing applications. includ­
ing Image processing. 

Monolithic Microwave Integrated 
Circuit Water Vopor Radiometer 
L.M. Sukamto. Spacecraft 
Telecommunications Equipment 
Section. Jet Propulsion Laboratory 

Mr. Sukamto will discuss efforts to design 
and fabricate a 31 .4 GHz monolithic 
microwave integrated circuit (MMIC) 
radiometer as one channel of a 
thermally-stable water vapor radio­
meter (WVR). With improved thermal 
stability and signal accuracy. the WVR 
will have faHanging commercial 
applications. It can be used. for 
example. in weather pattern prediction. 
calibration of palar-orbiting and 
geostationary satellites. and monitoring 
of aircraft icing conditions. 

A Noncontacting Waveguide 
Backshort tor Millimeter and Submilli­
meter Wave Frequencies 
William R. McGrath. Technical Group 
Leader. Jet Propulsion Laboratory 

A new backshort design employs a 
metallic bar with rectangular or circular 
holes to provide a pen odic variation of 
guide impedance. The size. shape. and 
spacing of the holes can be adjusted to 
provide a large reflection of rf power 
over a useful frequency bandwidth. 
Mechanically rugged and easy to 
fabricate for frequencies up to l()(x) 
GHz. the backshort offers applications in 
radar and communication systems. 
microwave test instruments. and 
remote·sensing radiometers. and will 
help extend waveguide technology into 
the submillimeter wave band. 

(Session A6) 

Materials Science 

Novel Applications for TAZ-SA 
William J. Waters. Sverdrup Technology 
Inc .. and Stephen M. Riddlebaugh. 
Lewis Research Center 

Alloy research for jet engine applica­
tions has produced a commercially 
promising nickel-based alloy called TAZ-
8A The alloy's unique combination of 
properties includes high temperature 
strength. oxidation resistance. abrasion 
resistance. and exceptional thermal 
shock resistance. Using a plasma vapor 
deposition technique. TAl-8A can be 
applied as a coating with high 
reflectivity and extreme hardness. 

Test Methods for Determining the 
Suitability of Metal Alloys for Use in 
Oxygen-Enriched Environments 
Joel Stoltzfus. Projects Manager. 
White Sands Test Foclllty 

Mr. Stoltzfus will describe test methods 
developed by NASA to study the 
ignition and combustion of metal alloys. 
including high- and low-speed particle 
impact tests. frictional heating and 
coefficient-of-frictlon tests. and the 
promoted combustion test. Test data 
and the resultant rankings of metal 
alloys will be discussed. along with 
licensing opportunities. 

A Major Advance in Powder 
Metallurgy 
B.E Williams. J.J. Stiglich, RB. Kaplan. 
and RH Tufflos. Ufframet 

Under SBIR funding from the Army. 
Ultramet has developed a process that 
promises to significantly increase the 
mechanical properties of pawder 
metallurgy (PM) parts. Conventional PM 
fabrication processes typically result in 
nonuniform distribution of the matrix. 
flaw generation due to particle-particle 
contact. and grain growth caused by 
high-temperature. long-duratlon 
compaction processes. In Ultramet·s 
process. each particle is coated with 



the matrix material. and compaction is 
performed by solid-state processing. 
improving the part·s homogeneity. 

Permanent Magnet Design 
Methodology 
Dr Herbert A Leupold. Research 
Physicist. US Army Electronics 
Technology and Devices Laboratory 

The high remanences and coercivities 
of rare earth permanent magnets have 
mode possible magnet structures of 
unusual form and performance. 
including permanent magnet solenoids. 
cylindrical transverse field sources. and 
high-field permanent magnet field 
sources. Dr. Leupold will describe 
miWtary and commercial applications 
such as MR imagers. traveling wave 
tubes. gyrotrons. free electron lasers. 
Faraday rotators. and ultraviolet/x-ray 
telescopes. 

Concurrent Government­
Industry Workshops 
4:30 pm-6:00 pm 

(Presenters to be announced) 
In these highly-Interactive sessions. 
federal agencies will brief attendees on 
their present and planned R&D initiatives 
and technology transfer mechanisms. 
spotlighting opportunities for industry to 
work with the government to develop 
and commercialize technology. 
Cooperative Research and Develop­
ment Agreements. Small Business 
Innovation Research. and patent 
licensing will be discussed. The objective 
of these workshops is to begin a dialog 
that will lead to increased use of 
federally-sponsored technologies by 
industry. and better utilization of private 
sector resources by the government. 
Agencies holding workshops during this 
time period will include: 
• Deportment of Defense 
• Deportment of Energy 
• Deportment of Health and Human 

Services 
• Environmental Protection Agency 

ed esday, December 4 

Concurrent Technical Sessions I 
8:30 am-l 0:30 am 

(Sesson B1) 

d anced Manufacturing 

Concentrating Solar Systems: 
Manufacturing with the Sun 
Lawrence M. Murphy. Division Director. 
Bimleshwar P. Gupta, Program Man­
ager. and Steven G. Hauser. Industry 
Uaison. Solar Energy Research Institute 

Recent advances in concentrating solar 
systems have produced solar flux 
densities in excess of 20.CXXl suns. 

creating unique process conditions of 
very high temperatures and heating 
rates. These conditions enable applica­
tions in manufacturing. materials 
processing. surface engineering. and 
toxic waste destruction. 

Ultra-Precision Processes for 
OptiCS Manufacturing 
William R. Martin. Associate Director. 
Engineering Technology Division. Oak 
Ridge National Laboratory 
The OptiCS MODIL (Manufacturing 
Operations Development and Integra­
tion Laboratory) is developing ad­
vanced manufacturing technologies for 
fabrication of ultra-precision optical 
components. aiming for a ten-fold 
improvement in precision and a 
shortening of the schedule lead time. 
Discussion will focus on diamond single 
point turning. ductile grinding. ion 
milling. and in/on process metrology. 

Integrated Automation for Manufac­
turing of Electronic Assemblies 
T. Joseph Sampite, CIM Program 
Manager, Naval Ocean Systems Center 

Mr. Sompite will describe how a 
standardized file transfer format 
developed with the National Institute of 
Standards and Technology will be used 
to create generiC, open architecture 
computer-aided engineering tools for 
the automatic exchange of data 
between design and manufacturing. 

Air Force Manufacturing Technology 
(MANTECH) Technology Transfer 
Tracy J. Houpt. MTX Program Manager. 
and Margaret M. Ridgely. 
Technology Transfer Center Director, 
Wright Patterson Air Force Base 

This presentation will illustrate the 
techniques and concepts employed in 
Air Force MANTECH's new comprehen­
sive. proactive technology transfer 
program. using as on example the 
successful transfer of transmit/receive 
modules to industry. 
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Electronics 

Gallium Arsenide Quantum-Well­
Based For Infrared Array Imaging 
Radiometer 
Kathrine A Forrest and Murzy D. 
Jhabvala. Electronics Engineers. 
Goddard Space Flight Center 

A new imaging radiometer developed 
for the thermal infrared (8 to 12 microns) 
employs a staring 128 x 128 GaAs 
quantum well detector array for 
stability, uniformity, high yield, and 
radiation-hardness. It is suited for 
thermal imaging in forestry. electronics 
processing. and medicine. Potential 
applications include aerial detection of 
small forest fires and location of hot 
spots In integrated circuits. 

A Video Event Trigger for High­
Frome-Rote, High-Resolution 
Video Technology 
Glenn L. Williams. Electrical Engineer, 
Lewis Research Center 
Mr. Williams will describe a highly­
porallel digital state machine that 
generates a trigger signal at the onset 
of a video event. Random access 
memory storage coupled w ith fuzzy 
comparator logic devices permit 
monitoring a video stream for long- or 
short-term changes caused by spatial 
translation. dilation. or color change. 
Pretrigger and post-trigger storage 
techniques allow researchers to archive 
only significant images. alleviating 
costly data storage problems. 

Camero Orientation of Pan, TIlt, and 
Zoom with No Moving Ports 
Dr. H. Lee Martin. President, and Steven 
D. Zimmermann. Design Engineer. 
TeleRobotics International Inc. 

Under contract to NASA Langley. 
TeleRobotics has developed a remote 
viewing system that provides pan. tilt . 
zoom. and rotational capabilities with 
no moving parts. The system features a 
fish eye lens for complete hemispherical 
field-of-view imaging and high-speed 
image transformation to correct 
peripheral distortion. Applications 
include remote viewing . inspection. and 
surveillance. 

Fiber OptiC TV Camero Direct 
John Edward Kassak, Electronics 
Engineer, Kennedy Space Center 

The Kennedy Center is developing a 
multiple color camero system for 
installations where video. synchroniza­
tion . control camera data. and status 
data are transmitted via a single fiber 
coble at distances exceeding five miles. 
Expected benefits include improved 
video performance, immunity from EMI 
and RFI. and more broadcast flexibility. 

(SeSSIon B"J 

Environmental Techn gy 

Waste Management Technology 
Development and Demonstration 
Programs 
Paul D. Kalb. Research Engineer, 
Brookhaven National Laboratory 

Brookhaven researchers have devel­
oped two new thermoplastiC processes 
for the disposal of hazardous wastes: 
polyethylene encapsulation of nitrate 
salt wastes and modified sulfur cement 
encapsulation of incinerator fly ash 
wastes. Both systems provide significant 
improvements over conventional 
solidification techniques and result in 
durable waste forms that meet regula­
tory criteria 



Regulated Bioluminescence as a Tool 
for Bioremediation Process Monitoring 
and Control of Bacterial Cultures 
Robert S. Bur/age. Environmental 
Sciences Division. Oak Ridge National 
Laboratory; Armin Heitzer and Philip 
Digrazia. Center for Environmental 
Biotechnology. University of Tennessee 

A new technique for monitOring 
biodegradation in toxic waste sites 
employs bioluminescence in a recombi­
nant bacterial strain to detect contami­
nant levels. The process is rapid. often 
completed in minutes. and is sensitive in 
the part-per-billion range. 

Fiber-Optic-Based Biosensor 
Joel M. Schnur. Head. Molecular 
Science and Engineering Center. 
Naval Research Laboratory 

Mr. Schnur will illustrate a new tiber­
optic-based biosensor tor environmen­
tal monitoring. pollution control. and 
clinical diagnostics. The device 
integrates a novel array of components. 
long fused silica fibers. ond proteins for 
detection. 

Ambient Temperature CO 
Oxidation Catalysts 
Billy T. Upchurch. Senior Research 
Scientist. Langley Research Center 

Longley researchers have produced 
ambient temperature oxidation 
catalysts tor the recombination of CO 
and CO? dissociation products formed 
during CO

2 
laser operation. The 

catalysts allow continuous operation of 
CO

2 
losers in a closed-cycle mode. and 

offer applications in other closed 
environments where the removal or 
control of CO is required. such as in 
catalytic converters for control of auto 
emissions. 

SeSSion bel) 

Materials Science 

High-Temperature Adhesives 
Terry L. St. Clair. Head. 
Polymeric Materials Branch. 
Longley Research Center 

LARC-TPI . a high-temperature linear 
polymer adhesive developed to bond 
titanium. offers application as a hot­
melt adhesive. Mr. St. Clair will describe 
the chemical structure and physic­
mechanical properties of LARC-TPI and 
other important new polyimides with 
commercial potential. 

Fluorinated Epoxy Resins with High 
Glass Transition Temperatures 
James R. Griffith. Research Chemist 
Naval Research Laboratory 

The Navy has developed a new class of 
easily-processed liquid resins with low 
dielectric constants and high glass 
transition temperatures. These materials 
are useful tor the manufacture of 
composite electronic baards. 

Polyimide.s Containing Pendent 
Siloxane Groups 
John IN. Connell. Polymer Scientist. 
Langley Research Center 

Incorporation of siloxane units into the 
backbane of aromatic polyimides 
imports enhanced solubility. lower 
moisture odsorption. lower dielectric 
constant. improved toughness. and 
protection against atomic oxygen 
erosion. Mr. Connell will describe the 
physical and mechanical properties of 
these materials. as well as potential 
electronics and aerospace applica­
tions. 

Corrosion-Protective Coatings from 
Electrically-Conducting Polymers 
Karen Thompson. Kennedy Space 
Center: Brion Benlcew/cz and Debra 
Wrobleski. Los Alamos National 
Laboratory 

Researchers are investigating the use of 
processible conductive organic 
polymers as corrosion-protective 
coatings on metal surfaces. Recent 
tests in saline and acidic oxidizing 
environments have demonstrated 
greatly improved corrosion resistance of 
mild steel with these coatings as 
compared to steel coated solely with 
epoxy. 

(SeSSion B:J) 

Medical Advances: 
Computers in Medicine 
Computation of Incompressible 
Viscous Flows through Artificial 
Heart Devices 
Stuart Rogers and Dochan Kwok. 
Research Scientists. Ames Research 
Center 

Ames researchers are applying compu­
tational fluid dynamiCS (eFD) techniques 
to simulate the blood flow through 
artifiCial hearts. Computer modeling will 
help pinpoint regiOns subject to clotting 
and lead to sofer. more durable 
mechanical hearts and valves. 

Computer Interfaces for the 
Visually Impaired 
Gerry Higgins. Computer Systems 
Engineer. Marsholl Space Flight Center 

Mr Higgins wlll address current research 
efforts to provide computer technology 
for peaple with vision-related handi­
caps. One such effort. the Mercator 
ProJect. looks to create a prototype 
system for audible access to graphics­
based Interfaces. 

Extended Attention Span Training 
System 
Dr. Alan Pope. Leader. Human 
Engineering Methods Group. 
Langley Research Center 

A biocybernetic system developed to 
assess the degree to which automated 
flight management systems maintain 

pilot engagement is being adopted for 
treatment of youngsters with attention 
disorders. The Extended Attention Span 
Training (EAST) system increases the 
difficulty of a video game as the 
player's brain waves indicate attention 
is waning. The player can only succeed 
at the game by maintaining on 
adequate attennon level. 

Man/ Machine Interaction Dynamics 
and Performance Analysis Capability 
Harold P. Frisch. Head. Robotic Applied 
Research. Goddord Space Right Center 

As part of Its flight telerobotics program. 
NASA is developing the ability to study 
the consequences of machine design 
alternatives as they relate to machine 
and machine operator performance. 
This capability will have for-reaching 
medical applications. such as enabling 
orthopedic surgeons to study the 
consequences of surgical options from 
the perspective of post-operative 
human performance predictions. 
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Software Engineerin 

Hybrid Automated Reliability Predictor 
Integrated Workstation (HiREl) 
Salvatore J. Bavuso. Aerospace 
Technologist. Langley Research Center 

The HiREL system marks a major step 
toward producing a totally integrated 
CAD workstation design capability. 
HiREL uses a graphical input description 
language to increase productivity and 
reduce error. It enables reliability 
engineers to quickly analyze huge 
amounts of reliability/availability data 
to observe trends due to exploratory 
design changes. 

Using Ada and the Rapid 
Development Ufecycle 
Lloyd DeForrest. Technical Group 
Supervisor. Jet Propulsion Laboratory 
Under contract to the US Army. JPL i<; 
developing a multifaceted computer­
ized command center using on 
accelerated software development 
approach called the Rapid Develop­
ment lifecycle. Through the use of Ada 
and the X-Window/Motif Graphical User 
Interface. software developed under 
this program can be reused In similar 
projects requiring non-computer-literate 
users with little or no training to operate 
advanced command center tools and 
applications. 

Advances in Knowledge-Based 
Software Engineering 
Walt Truszkowski. Head. Automation 
Technology Section. Goddard Space 
Flight Center 

The Knowledge-Based Software 
Engineering Environment (KBSEE) is 
designed to demonstrate that a 
rigorous and comprehensive software 



reuse methodology can enable more 
efficient utilization o f resources in the 
development of lorge-scale software 
systems. Designed for use by both 
government and industry. KBSEE could 
a id in improving the reliability of future 
software systems. 

Reducing the Complexity of 
Software Development through 
Object-Oriented Design 
Mary Pat Schuler. Aerospace Technolo­
gist. Langley Research Center 

Ms. Schuler will illustrate how Object­
Oriented Design (000). coupled with 
formalized documentation and tailored 
object diagramming techniques. can 
simplify the software deSign process. The 
000 methodology uses a hierarchical 
decomposition approach in which 
parent objects are decomposed into 
layers of lower-level child objects. with 
the relationships between design layers 
represented pictorially. This approach 
makes the resulting code more por­
table. reusable . and maintainable. 

Concurrent Technical Sessions 
1 :00 pm-3:00 pm 

(Session C 1 ) 

Data and Information 
Management 

Techniques for Efficient Data Storage, 
Access, and Transfer 
Robert F. Rice. Jet Propulsion 
Laboratory. and Warner Miller. 
Goddard Spoce Flight Center 

Advanced techniques for efficient data 
representation have been placed in 
practical hardware and software form 
though the joint effort of three NASA 
centers. The techniques. which involve 
the use of high-speed coding and 
decoding modules as well as machine­
transferable software routines. adapt to 
local statistical variations to continually 
provide optimum code efficiency when 
representing data without error. 

A Vector-Product Information 
Retrieval System Adapted to 
Heterogeneous, Distributed 
Computing Environments 
Dr. Mark E. Rorvig . Library Scientist. 
Johnson Space Center 

The Automated Online Library Manage­
ment System (AutoLib) provides a 
ranked list of the most likely relevant 
objec ts in collections. in response to a 
natural language query. AutoLib is 
construc ted with standards and tools 
suc h as UNIX and X-Windows. which 
permit its use in organizations that have 
many d ifferent hosts. workstations. and 
platforms. Applications include 
information-intensive corporate 
management environments. such as 
finance. manufacturing. and biotech­
nology. 

AutoClass: An Automatic 
Classification System 
Peter Cheeseman. Research Scientist. 
Ames Research Center 

A useful tool for exploratory data 
analysis. AutoClass enumerates and 
describes the natural classes in a data 
set. The program automatically 
determines the optimal number of 
classes. 

Silvabase: A Flexible Data File 
Management System 
Steven J. Lambing. Marshall Space 
Flight Center. and Steven T. Harris. 
Boeing Computer Support Services 

Developed for mission planning at the 
Marshall Center. Silvabase enables 
efficient forward and backward 
sequential reads. random searches. 
and appends to large amounts of data. 
The system. designed to run on VAX/ 
VMS computers. has unique features 
applicable to management of data 
involving time histories and intervals 
such as in operations research. 

(Session C2) 

Electro-Optics 

Nonlinear Optical Polymers for 
Electro-Optic Signal Processing 
Geoffrey A. Lindsay. Polymer Science 
Branch Head. Naval Weapons Center 

Mr. Lindsay will discuss several new 
classes of nonlinear optical polymers for 
use in optical signal processing 
(photonics). These materials offer large 
electro-optics figures of merit. high 
temperature performance. ease of 
processing into films and fibers. rugged­
ness. and low cost. They can be applied 
in electro-optic switches. optical 
frequency doublers. sensors. spatial light 
modulators. and optical data storage 
systems. 

High-Resolution Optical Data Storage 
on Polymers 
c.M. Roland. Supervisory Chemist. 
Naval Research Laboratory 

A new thermal method for lithography 
on amorphous polymer films yields 
remarkably high resolution images with 
excellent edge acuity. Images imparted 
to tIle films can be made electrically 
conductive via a single-step process. 
w ithout using extraneous reagents. 

Laser Discrimination by Stimulated 
Emission of a Phosphor 
Dr. V.K. Mathur. Research PhysiCist. 
Naval Surface Warfare Center 

Dr. Mathur w ill describe a new method 
for d iscriminating neor infrared and far 
infrared laser light sources. based on the 
use of a magnesium sulfide phosphor 
which is thermally/ optically stimulated 
to generate a color correlatable to the 
incident laser radiation . The technology 
offers potential for discrimination 
between even smaller bandwidths 

within the infrared spectrum-a possible 
aid to communication or wavemixing 
devices that need to rapidly identify 
and process optical signals. 

Pulsed Laser Prelasing 
Detection Circuit 
George Eugene Lockard. Engineering 
Technician. Langley Research Center 

Langley researchers have developed a 
circuit to detect prelasing-the prema­
ture leakage of energy from a laser 
rod-in pulsed laser systems. The c ircuit. 
which is small . economical. and easily 
incorporated into virt}Jally any pulsed 
laser system. shuts off the laser before 
the pre lasing energy can cause costly 
optical damage. 

(Session C3) 

Life Sciences 

Application of CELSS Technology to 
Controlled Environment Agriculture 
Dr. Maynard E Bates. Bionetics 
Corporation. and Dr. David L. 
Bubenheim. Ames Research Center 

Controlled Ecological Life Support 
Systems (CELSS) expand the concept of 
Controlled Environment Agriculture 
(CEA)-the use of environment manipu­
lation for the commercial production of 
organisms-to create miniature 
ecosystems in which food. oxygen. and 
water in closed habitats are provided 
by regeneration of waste streams 
through systems containing microorgan­
isms. plants. and animals. The develop­
ment of CELSS will provide information 
needed to improve the efficiency. 
reliability. and cost-effectiveness of 
CEA. while reducing Its environmental 
impact to negligible levels. 

Advanced Forms of Spectrometry for 
Space and Commercial Application 
Dr. Kenneth J. Schlager. Chief Technical 
Officer. Biotronics Technologies Inc. 

Biotronics has discovered wide com­
mercial application for two spectromet­
ric technologies developed under the 
Kennedy Space Center's sponsorship. 
Ultraviolet absorption spectrometry. 
originally investigated for on-line 
measurement of hydroponic plant 
nutrient solutions. is finding utility in a 
new line of ultraviolet process analyzers 
for the water treatment market. A 
second technology. liquid atomic 
emission spectrometry. holds even 
greater commercia l promise. represent­
ing the first application of atomic 
emission to direct on-line measurements 
of liquids. 

lon-Selective Electrode for Ionic 
Calcium Measurements 
John W. Hines and Sara Arnaud. 
Research Scientists. Ames Research 
Center 

NASA has developed a coated wire ion­
selective electrode that noninvasively 



measures ionic calcium. It can be used 
to monitor bone calcium changes 
during extended exposure to 
microgravity or during prolonged 
hospital or fracture immobilization. and 
to conduct osteoporosis research. 

A 99"10 Purity Molecular Sieve 
Oxygen Generator 
Major George W. Miller. Research 
Chemical Engineer. Air Force Systems 
Command 
A molecular sieve oxygen generator 
employing a new pressure swing 
adsorption process produces oxygen 
concentrations of up to 99.7"10 directly 
from air. exceeding the present oxygen 
purity limitations of 93-95"10. The device 
may find use in aircraft and medical 
breathing systems. and industrial air 
separation systems. 
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Materials Science 

Advanced Composite Materials 
and Processes 
Robert M. Baucom. Group Leader. 
Composite Materials. Langley 
Research Center 

Mr. Baucom will report on techniques for 
combining high-performance graphite 
fibers and resin matrix systems into 
composite prepregs, innovative tooling 
concepts. and fabrication procedures 
for complex structures. The plastiCS and 
aerospace industries could benefit 
g reatly by adopting these materials 
and processing procedures. 

RTM: Cost-Effective Processing of 
Composite Structures 
Greg Hasko and H. Benson Dexter. 
Materials Research Engineers. 
Langley Research Center 

Resin transfer molding (RTM), a method 
of making high..sfrength. lightweight 
composite structures, is used extensively 
In the automotive. recreation. and 
aerospace Industries. The presenters will 
compare the material requirements of 
various industries. methods of orienting 
and distributing fibers. mold configura­
tions. and processing and material 
parameters such as resin viscosity 
preform compaction, and permeability. 

A Low-Cost Method of Testing 
Compression-Atter-Impact Strength of 
CompoSite Laminates 
Alan Nettles. Marshall Space Flfght 
Center 
Marshall researchers have developed a 
new method to test the compression 
strength of composite laminate 
specimens as thin as .04 inches and up 
to 3 inches wide. This method is easier 
and less costly than the current com­
pression-otter-impact standard. and 
yields more meaningful results. 

Resonant Acoustic Determination of 
Complex Elastic Moduli 
Steven L. Garrett, Professor of Physics. 
and David A Brawn. Electronics 
Engineer. Naval Postgraduate School 

The presenters will describe a new 
technique for measuring and tracking 
the complex shear and Young's moduli 
of nonmagnetic samples using the 
resonance frequency of an 
unconstrained bar sample. The same 
Inexpensive electrodynamic transducers 
are used to excite and detect the 
sample 's longitudinal. flexural . and 
torsional resonances. Somple data for 
composites. metals. plastiCS. and 
viscoelastic materials will be presented. 
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Robotics 

A Unique Cable Robot for Space 
and Earth 
James Kerley. Design Engineer. 
Goddard Space Flight Center 

A novel cable robot bends like a worm, 
moving up and down. bock and forth . 
and even upside down. With magnets 
on its feet. the robot can climb or 
adhere to tall structures. It can be used 
to clean or paint towers. tanks. bridges. 
and ships. and. with an attached video 
camera. to inspect structures for 
damage or rust . 

A Lightweight, High-Strength 
Dexterous Manipulator Arm 
Neville I. Marzwel/. Jet Propulsion 
Laboratory; Bruce M. Schena and Steve 
M. Cohan. Odetics Inc. 

The presenters will describe the design 
and features of a lightweight. high­
strength. modulor manipulator arm 
developed for space and commercial 
applications. Fully operational in 1 g . 
the arm has seven degrees of freedom. 
a reach of 55 inches. and can lift 50 
pounds. Bilateral teleaperator control 
can be added to the current robotically 
operated system. 

Real-TIme, Interactive Simulator 
System for Telepresence 
Neville I. Marzwell. Jet Propulsion 
Laboratory; AH. Chiu. P.G Gottschalk. 
F.S, Schebor. and JL. Turney. KMS Fusion 
Inc. 

The Global-Local Environment 
Telerobatics Simulator (GLETS) immerses 
on operator in a real-time. interactive. 
visually-updated simulation of the 
remote telerobotic site. Sterea graphics 
are shown on a computer screen and 
fused together by the operator's special 
glasses to form stereoscopic views of 
the simulated world. The operator. 
Interacting with the GLETS through voice 
and gesture commands. can form a 
gestalt of the virtual - local site" that 
matches his/her normal interactions with 
the real remote site. 

A Hazard Control System for 
Robot Manipulators 
Ruth Chaing Carter. FTS System Safety 
Manager, Goddard Space Right Center 

Ms. Carter will review system safety 
management and engineering 
techniques developed for telerobatic 
operations in space. focusing on a 
precise hazard control system for test 
flight of NASA's Flight Telerobotic 
Servicer. The same software monitoring 
and control approach could ensure the 
safe operation of a slave manipulator 
under teleoperated or autonomous 
control in undersea. nuclear. or 
manufacturing applications. 
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Test and easurement 

Knowledge-Based Autonomous 
Test Engineer (KATE) 
Dr. Carrie Belton and Barbara Brown. 
Computer Engineers. Kennedy Space 
Center 

Developed for ground launch opera­
tions at the Kennedy Center. KATE 
employs concepts of sensor-based and 
model-driven monitoring and fault­
location, and performs control and 
redundancy management of process 
control systems. KATE is designed as a 
generiC. model-based expert system 
shell for autonomous control. monitor­
ing, fault recognition , and diagnostics In 
the electrical. mechanical. and fluid 
system domains. 

Advanced Computed Tomography 
Inspection System (ACTIS) 
LIsa H. Hediger, Materials Engineer, 
Marshall Space Flight Center 

ACTIS, developed at the Marshall 
Center to support its solid propulsion test 
programs. is being applied to inspection 
problems in the aerospace. lumber. 
automotive, and nuclear waste disposal 
industries. Ms. Hediger will discuss the 
unique capabilities of ACTIS and 
present a brood overview of computed 
tomography technology. 

High-Resolution Ultrasonic 
Spectroscopy System for 
Nondestructive Evaluation 
Dr. c.H. Chen, Information Research 
Laboratory Inc. 

Under SBIR funding from the Army. IRl 
researchers are developing a high­
resolution ultrasanic inspection system 
supported by modern signal processing, 
pattern recognition. and neural network 
technologies. This presentation will 
review the details of the system and its 
software package. 

Force Limited Vibration Testing 
Terry D. Scharton. Jet Propulsion 
Laboratory 

An improved method of contrOlling 
vibration tests used to verify equipment 
design and manufacturing workman-



ship closely simulates field conditions. 
Offering commercial application 
throughout the aerospace. electronics. 
and automotive industries. the new test 
method eliminates costly failures 
associated with overtesting in the 
laboratory . 

Concurrent Government­
Industry Workshops 
4:30 pm-6:00 pm 

(Presenters to be onnounced) 
Agencies holding workshops during this 
period will include: 
• Department of Energy 
• Department of Veterans Affairs 
• Environmental Protection Agency 
• National Aeronautics and Space 

Administration 

Thursday, December 5 

Concurrent Technical Sessions 
8:30 am-l 0:30 am 

(Session D 1 ) 

Advanced Manufacturing 

Development of a Rotary Joint Fluid 
Coupling for Space Station Freedom 
John A Costulis. Technical Project 
Engineer. Langley Research Center 

Langley researchers have developed 
and tested a 360-degree rotary joint 
fluid coupling for the Freedom station's 
thermal control system. The mechanism 
can be applied commercially to 
transfer fluid across rotating interfaces. 
such as in gun turrets. coal slurries. and 
farming machinery. 

Spline Screw Comprehensive 
Fastening Strategy 
John M. Vranish. Electronics Engineer. 
Goddard Space Flight Center 

A fastener developed for assembly. 
maintenance. and equipment replace­
ment operations in space also has 
down-to-Earth manufacturing applica­
tions. Use of the 'spline screw· fastener 
in prime subassemblies would enable 
machines to disconnect and replace 
parts with ease. reducing product life 
cycle costs and enhancing the quality. 
timeliness. and consistency of repairs 
and upgrades. 

Commercial Application of an 
Innovative Nut Design 
Jay Wright. Materials Research Engineer. 
Johnson Space Center 

A nut developed for space station use 
allows a fastener to be inserted or 
removed from either side by simply 
sliding the fastener in or out of the nut. 
Detentes on either face of the nut 
ensure positive engagement of the 

threads. The nut has applications 
wherever a fastener needs to be taken 
on and off quickly or used on a 
threaded part which could become so 
damaged that a conventional nut 
could not be removed. 

Inflatable Traversing Probe Seal 
Paul A Trimarchi. Mechanical Engineer. 
Lewis Research Center 

Mr. Trimarchi will describe an inflatable 
seal that acts as a pressure-tight zipper 
to provide traversing capability for 
instrumentation rakes and probes. The 
seal can replace sliding face-plate/O­
ring systems in applications where 
lengthwise space is limited. 

(Session D2) 

Artificial Intelligence 

CLIPS: An Expert System Building Tool 
Gary Rifey. Computer Engineer. 
Software Technology BranCh. Johnson 
Space Center 

The C Language Integrated Production 
System (CLIPS) provides a complete 
environment for the development and 
delivery of rule- and/or object-based 
expert systems. CLIPS offers a low-cost 
option for developing and deploying 
expert system applications across a 
wide range of hardware platforms. 

Fuzzy Logic Applications to Expert 
Systems and Control 
Dr. Robert N. Lea. Aerospace Engineer. 
Johnson Space Center 

Commercial use of fuzzy technology in 
Japan and China indicate that it should 
be exploited by government and 
private industry to save energy and 
reduce human involvement in industrial 
processes. Johnson Center.researchers 
have applied fuzzy logic in guidance 
control systems for space vehicles. 
control of data processing during 
rendezvous navigation. collision 
avoidance algorithms. and camera 
tracking controllers. The technology 
may also find use in diagnostic systems. 
control of robotic arms. pattern 
recognition . and Image processing. 

Neural Network Technologies 
James A Villarreal. Computer Engineer. 
Johnson Space Center 

Mr. Villarreal will describe the Neural 
Execution and Training System (NETS). a 
sottware tool designed to facilitate and 
expedite the use of neural network 
technology in industry. government. 
and academia. Neural networks have 
been successfully applied to modeling 
and data fusion problems. robotics. 
structural design. speech synthesis. 
financial forecasting. spectrographic 
analysis. and many other areas. This 
presentation will highlight various 
commercial projects under develop­
ment with NETS. 

From Biological Neural Networks to 
Thinking Machines 
Dr. Muriel D. Ross. Research Scientist. 
Ames Research Center 

Dr. Ross is studying the three-dimen­
sional organization of a simple biologi­
cal neural network found in inner ear 
organs of balance to uncover basic 
principles of neural organization and 
function. This effort will result in new 
applications of biological attributes to 
artificial systems. and could lead to the 
development of highly-intelligent 
parallel-processing computers. 

(Session D3) 

Biotechnology 

The Microassay on a Card-A 
Rugged, Portable Immunoassay 
Dr. David Kidwell. Research SCientist. 
Naval Research Laboratory 

The Microassay on a Card (MAC). a 
portable. handheld immunoossay. can 
test for a wide variety of substances in 
the environment. Intended for use as an 
on-site screen for drugs of abuse In urine 
or saliva. the MAC may also be applied 
to test for intoxication. to identify seized 
materials. and to test for environmental 
pollutants. 

Row Immunosensor for Drug Detection 
Joel M. Schnur. Head. Molecular 
Science and Engineering Center. Naval 
Research Laboratory 

Dr. Schnur will describe an antibody­
based sensor designed to detect drugs 
of abuse. The biosensor is faster. less 
expensive. and as sensitive as any 
current method for cocaine detection. 
It can be operated outside the labora­
tory by personnel with no scientific 
training. Opportunities exist for Coop­
erative Research and Development 
Agreements. 

Nucleic Acid Probes in Diagnostic 
Medicine 
Phillip A O·Berry. National Technology 
Transfer Coordinator for Animal Science. 
US Department of Agriculture 

Mr. O'Berry will discuss the application 
of nucleic acid probe technology to the 
diagnosis of disease in humans and 
animals. and will present examples of 
commercially-promising probes. 

The Rotating Spectrometer: New 
Biotechnology for Cell Separations 
David A Noever. Universities Space 
Research Association. and Helen C. 
Matsos. Marshall Space Flight Center 

A new rotating spectrometer. able to 
separate previously inseparable cell 
cultures. is intended for use in pharma­
cological studies requiring fractional 
splitting of heterogeneous cell cultures 
based on cell morphology and 
swimming behavior. Unlike standard 
separation and concentrating tech­
niques such as filtration or centrifuga-



tion. the instrument can seporate motile 
from immotile fractions. 

(Session D4) 

Electronics 

Method for Producing High-Quality 
Oxide Films on Surfaces 
Mark W. Ruckman. Associate Physicist. 
Brookhaven National Laboratory 

Mr. Ruckman will describe a new 
method for the reactive deposition of 
metal oxide and other inorganic 
compound thin films for use in micro­
electronic devices fabricated on 
compound semiconductors and high­
temperature superconducting oxides. 
The technology can be Integrated with 
ion. electron. or photon beam methods 
used to accelerate or selectively 
promote deposition and etching. 

Advanced Silicon on Insulator 
Technology 
Francis J . KUb. Senior Research Engineer. 
and David J . Godbey. Research 
Chemist, Naval Research Laboratory 

Navy researchers have developed 
bonding. thinning. and selective etching 
techniques for producing ultra-thin 
silicon on insulator materials. These 
techniques can be used to fabricate 
silicon membranes. bolometers. and 
other devices requiring free-standing 
thin-film silicon. Other applications 
include high-voltage/high-temperature 
power devices. backside-illuminated 
thinned CCD imagers. and x-ray masks. 

High-Temperature Superconducting 
Stripline Filter 
J.J. Bautista, Technical Group 
Supervisor. Jet Propulsion Laboratory 

Mr. Bautista will describe the fabrication 
of a five-pole interdigital stripline filter 
made of the 93K superconductor 
Y,Ba,Cu30 . coated on a silver substrate. 
The filter features a center frequency of 
8.5 GHz and an extremely high rejection 
ratio of 80 dB. 

An Adjustable rf Tuning Element 'or 
Microwave. Millimeter Wove. and 
Submillimeter Wove Circuits 
William R. McGrath. Technical Group 
Leader. Jet Propulsion Laboratory; 
Victor Lubecke and David B. Rutledge, 
Dept. of Electrical Engineering, 
Califamia Institute of Technology 

The presenters have developed an 
adjustable rf tuning element consisting 
of a series of thin plates that can slide in 
unison along a coplanor strip transmis­
sion line to allow active tuning. The 
structure can be fabricated for frequen­
cies as high as I CXXl GHz using existing 
micromachining techniques. By easing 
constraints on circuit design. It will aid in 
extending microwave integrated c ircuit 
technology into the high millimeter 
wave and submillimeter wave bands. 

(Session DS) 

Materials Science 

Passive Chlorophyll Detector 
Leonard A Haslim. Research Scientist. 
Ames Research Center 

Using a low-cost. uniquely-dyed optical 
filter plastic sheet, the Passive Chloro­
phyll Detector enhances the visual 
discrimination of vegetation and trees in 
varying states of health. The invention 's 
far-reaching applications Include 
enabling farmers to identify and nurse 
or replant unhealthy sections of their 
fields to achieve higher crop yields. and 
serving as an early warning device for 
environmental scientists monitoring the 
health of forests and wetlands exposed 
to acid rain or contaminated ground­
water. 

Commercial Application of Thermal 
Protection System Technology 
Gordon L. Dyer, Technology Transfer 
Officer, Martin Marietta Manned 
Space Systems 

Thermal protection system materials 
and processes developed for the space 
shuttle's external tank have been 
reapplied in a new type of children's 
lunch box-a microwavable urethane 
foam insulation container that keeps a 
prepackaged meal warm for four to 
five hours. Two major food manufactur­
ers are currently considering licensing 
the high-tech foam container. 

Oxynitride Glass Fibers 
Donald R. Messler, Research Ceramic 
Engineer. Materials Technology Lobora­
tory, US Army Laboratory Command 

Oxynifride glasses offer exciting 
opportunities for making high-modulus, 
high-strength glass fibers. Mr. Messier will 
describe processes for fabricating 
oxynitride glasses and fibers in composi­
tions Similar to commercial oxide 
glasses, but with significantly enhanced 
properties. 

Commercial Applications of 
Advanced Photovoltaic Technologies 
R.D. McConnell. Technology Transfer 
Manager, Solar Energy Research 
Institute 

Mr. McConnell will describe research 
into high-tech photovoltalc materials 
including III-V. II-VI. amorphous silicon. 
and crystalline silicon, and will highlight 
possible spinoff applications such as 
optoelectronics and space power 
systems. 
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Software Engineering 

Software Reengineering 
Emest M. Fridge, Deputy Chief. Software 
rechnology Branch, Johnson Space 
Center 

During space shuttle development, 
Johnson Center engineers created a set 

of tools to develop and maintain 
FORTRAN and C code. This tool set forms 
the basis for an integrated environment 
to reengineer existing code into modern 
sOftware engineering structures which 
are easier and less costly to maintain 
and which allow straightforword 
translation Into other target languages. 

COSTMODl: An Automated Software 
Development Cost Estimation Tool 
George B. Roush, Software Engineer. 
Johnson Space Center 

One of the most widely used software 
cost estimation tools, COSTMODL can 
help reduce the risk of cost overruns 
and failed projects. COSTMODL has on 
intuitive user interface and extensive on­
line help system, and can be custom­
Ized to a particular user environment. It 
can be used tor in-house cost manage­
ment. cost analysis consulting, or for 
research. 

Increasing Productivity through Total 
Reuse Management 
Mary Pat Schuler, Aerospace Technolo­
gist. Longley Research Center 

NASA Langley is promoting total reuse 
management (TRM) as a way to lower 
software development costs. reduce 
risk. and increase code reliability. Ms. 
Schuler will describe methods used to 
adopt TRM, and will discuss the reuse of 
products from all phases of the software 
lite cycle. 

How Hypermedia Can Increase 
the Productivity of Software 
Development Teams 
L. Stephen Coles. Group Chief Tech­
nologist, Institutional Data Systems. 
Jet Propulsion Laboratory 

Mr. Coles will describe how the produc­
tivity ot software developers can be 
dramatically improved through the use 
of hypermedia. the seamless Integration 
of disparate data structures-including 
text , graphics. animation, voice, and 
full-motion video-in a graphical user 
interface. The presentation will cover 
basic machine architecture, speclal­
purpose video boards. video equip­
ment, optical memory, software for 
animation, voice I/O. and networking 
and integration issues. 

Concurrent Technical Sessions 
1 :00 pm-3:00 pm 
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Advanced anufacturing 

Intelligent Robotic System with 
Dual-Arm Dexterous Coordination 
and Real-Time Vision 
Neville I. Marzwell. Jet Propulsion 
Laboratory, and Alexander Chen. 
Scientific Research Associates 

The presenters will demonstrate a 
prototype robot with built-In intelli-



gence It features 18 degrees of 
freedom. comprised of two articulated 
arms. a movable robot head. two CCD 
c ameras for producing stereoscopic 
views. an articulated cylindrical lower 
body. and an optional mobile base. 
The robotic system addresses a brood 
spec trum of manufacturing demands. 
Inc luding both complex and labar­
intensive jobs 

Neural Network Software for 
Distortion-Invariant Object Recognition 
Max B Reid and Lilly Spirkovska. 
Research Scientists. Ames Research 
Center 

Ames has created neural network 
software that performs the complete 
feature extraction/pattern classification 
paradigm required for automatic 
pattern recognition. The software is 
being used in an autonomous robotic 
vision system which could have 
extensive application in robotic 
manufacturing. 

Constraint-Based Scheduling 
Monte Zweben. Assistant Chief. Artificial 
Intelligence Research Branch. Ames 
Research Center 

Mr. Zweben will describe the Space 
Shuttle Ground Processing Scheduling 
system. which uses artificial intelligence 
search methods to solve large-scale 
scheduling problems. The system can 
be applied to a variety of scheduling 
problems. In the manufacturing 
domain. it can help to minimize set-up 
time or tardiness. 

COMPASS: A General-Purpose 
Computer-Aided Scheduling Tool 
Dr. Barry R. Fox. Project Leader. 
McDonnell Douglas Space Services Co; 
and Christopher Culbert. Technical 
Monitor. Software Technology Branch. 
Johnson Space Center 

COMPASS is an powerful. interactive 
planning and scheduling system with a 
mouse-driven. X-Windows user interface. 
It can be used to manage activities 
subject to timing constraints. ordering 
constraints. Boolean conditions. and 
resource availability. and to manage a 
wide range of resources including tools. 
electric ity. and water. 

(Session E2) 

Data and Information 
Management 

HAS: Powerful General-Purpose Image 
Processing Software 
David Walters. Electronics Engineer. 
Information Systems Division. Stennis 
Space Center 

Onginally developed to process 
Landsat images, the ELAS software 
pac kage has evolved to handle a vast 
range of data types including MRI. soil 
maps, topographic and rainfall data . 
and sonar images. Mr. Walters will 

describe applications in such fields as 
agriculture, forestry, and geology, and 
w ill highlight important new enhance­
ments to the software. 

TAE Plus: A NASA Tool for Building and 
Managing Graphical User Interfaces 
Martha R. Szczur. TAE Project Manager, 
Goddard Space Flight Center 

Transportable Applications Environment 
Plus is a WYSIWYG toal for designing, 
building, and tailoring an application's 
graphical user interface. Its main 
component is the WorkBench, which 
allows the application developer (who 
need not be 0 programmer) to 
interactively construct an application 
screen 's layout and manipulate 
graphical objects such as menus, 
buttons, icons, and dials. TAE Plus is used 
in such d isciplines as image processing. 
simulation, network management, real­
time command and control. database 
management, and office automation. 

Instrumentation, Performance 
Visualization , and Debugging Tools 
for Multiprocessors 
Jerry C. Yon and Charles E. Fineman, 
Sterling Federal Systems; Philip J. 
Honta/as, Ames Research Center 

As part of a major effort to advance 
multiprocessor parallel computing 
performance, NASA Ames is developing 
techniques to efficiently monitor and 
visualize parallel program execution. 
Such techniques will help simplify the 
debugging and tuning of parallel 
programs. The presenters will describe 
various prototype software tools and 
their incorporation into the run-time 
environments of hardware test beds. 

The Data Egg: One-Handed Text Entry 
Without Positional Constraints 
Gary L. Friedman, Technical Group 
Leader, Jet Propulsion Laboratory 

JPL researchers have devised a small , 
handheld unit that allows text entry with 
only one hand. Dubbed the Data Egg, it 
can be operated in any position, either 
autonomously or tethered to a personal 
computer. This invention will benefit the 
handicapped and those normally 
barred from using a computer on the 
job, such as astronauts and journalists. 

(SessIon E3) 

Electronics 

Thermoocoustic Refrigeration 
Steven L. Garrett and Thomas Hofler, 
Naval Postgraduate School 

The presenters will demonstrate the first 
practical. autonomous thermoocoustic 
refrigerator, which employs high­
amplitude sound in inert gas to pump 
heat. Scheduled for flight on the space 
shuttle, the acoustically-resonant 
refrigerator has only one moving part , 
no slid ing seals, and uses inexpensive 
components. Since thermoocoustic 
refrigerators use no CFCs and have 

coefficients of performance compo­
rable with vapor compression cycle 
refrigerators, they are good candidates 
for food refrigeration and commercia l! 
residential air condit ioning applications. 

Ambient Temperature Recorder 
Larry D. Russell, Electronics Engineer, 
Ames Research Center 

The ATR-4 ambient temperature 
recorder is a small battery-powered 
device that records 32 kilobytes of 
temperature data from four channels, 
over a range of -40· to +60·C at 
sampling intervals from 1.88 to 15 
minutes. Data is stored in its internal 
memory for subsequent readout by a 
personal computer. Developed for use 
on the space shuttle , the ATR-4 can 
answer a variety of needs for a small , 
remote, unattended temperature 
recorder, such as in transportation of 
perishables and recording life system or 
process temperatures over time. 

Fiber-Optic Push-Pull Sensor Systems 
Steven L. Garrett and David A. Brown, 
Naval Postgraduate School 

The Navy has created fiber optic ' push­
pull " sensors that greatly enhance the 
optical fiber's response to the 
measurand of interest while providing 
common-mode rejection of spurious 
environmental effects such as pressure 
or temperature changes. The p resenters 
will describe several new fiber optic, 
interferometric accelerometers and 
acoustic pressure sensors which 
generate such large optical phase 
modulations that their signals can be 
demodulated with inexpensive lasers 
similar to those used in CD players. 

Commercial Capaciflector 
John M. Vranish, Electronics Engineer, 
Goddard Space Flight Center 

Goddard researchers are developing a 
capacitative proximity/tactile sensor 
with unique performance capabilities 
for use on space robots and payloads. 
The simple, robust sensor will enable 
robots to avoid collisions with humans in 
orbit and to dock payloads in a 
cluttered environment. Mr. Vranish will 
report on NASA's efforts to ' spin " this 
technology off into the private sector. 

(Session E4) 

Environmental Technology 

Water Quality Monitor 
Warren C. Kelliher, Langley Research 
Center 

A portable x-ray fluorescence spec­
trometer developed for the Viking 
mission to Mars has been adapted for 
terrestrial use. Called EMPAX (Environ­
ment Monitoring with Portable AnalysiS 
of X-ray), the unit answers a critical 
need for on-site, real-time analysis of 
toxic metal contamination. The 
government is seeking a commercial 
manufacturer for EMPAX. 



Remote Semi-Continuous Flowrate 
Logging Seepage Meter 
William M. Reay. Virginia Polytechnic 
Institute and State University. and Harry 
Walthall. Longley Research Center 

The presenters have created a remote 
semi-continuous flowrate logging 
seepage meter that enables d irect 
assessment of ground water discharge 
and associated solute fluxes. It is 
designed to replace current manually­
operated meters 

Calcification Prevention Tablets 
G.A Lindsay. Naval Weapons Center 

The subject invention is a slow'release 
tablet for preventing or removing 
calcium crust and build-up in pipes and 
containers that process hard water and 
other calcium-containing fluids 
Extremely effective in sea water. the 
tablet is biodegradable and nontoxic. It 
can be used In urinals. commodes. 
draino. and holding tanks. 

Automated Carbon Dioxide 
Cleaning System 
David T. Hoppe. Marshall Space Flight 
Center 
An environmentally-safe cleaning 
system jOintly developed by NASA. the 
Air Force. and Martin Marietta uses 
solidified carbon dioxide pellets to blast 
the surface to be cleaned. The process 
can be automated using a program­
mable robot. Results from cleaning a 
variety of substrate materials has shown 
the system to be capable of reducing 
the amount of chlorofiuorocarbon­
based cleaning fluids and in some 
cases totally eliminating their use. 

(Session E5) 

Materials Science 

Applications of Biologically-Derived 
Microstructures 
Joel M. Schnur. Head, Molecular 
Science and Engineering Center, 
Naval Research Laboratory 

Navy SCientists have fabricated hollow 
0,5 micron diameter cylindrical-shaped 
microstructures using modified lipids 
and the self-assembly provided by 
nature Potential applications for the 
microstructures include controlled 
release of biocide for antifouling paint. 
composites for electronic and mognetic 
uses. and high-power microwave 
cathodes. 

Structural Modification of Polysacchar­
ides: A Biochemical/Genetic Approach 
Roger Kem and Gene Peterson. 
Space Biological Sciences Group, 
Jet Propulsion Laboratory 

This presentation will describe the 
development of unique biological 
techniques for adopting polysacchar­
Ides for use in electronic and optical 
devices. The ability to manipulate 
polysaCCharides genetically and 
chemically will have on immediate 
Impact on current commercial applica­
tions based on rheological properties. 
such as materials coatings. pharmaceu­
tical delivery systems. and foad 
additives. 

Cryogenic Focusing, Ohmically 
Heated On-Column Trap 
Stephen R. Springston. Deportment of 
Applied Science, Brookhaven Notional 
Laboratory 

Mr. Springston will present a new 
method for thermally desorbing volatile 
solutes that have been cryogenically 
trapped within a capillary. Advantages 
of this trap for gas chromatographic 
analyses include fast response, simplic­
ity, and elimination of connections. 
Other applications include physico­
chemical studies, sample modulation 
chromatography. and restrictors for 
supercritlcal fluid chromatography. 

Study of the Effect of Hydrocarbon 
Contamination on PFTE Exposed 
to Atomic Oxygen 
Morton A. Golub and Theodore 
Wydeven, Research Scientists. 
Ames Research Center 
As port of on effort to improve the 
surface properties of PFTE (commonly 
known as Tetion'M), Ames researchers 
ore using x-roy photoelectron spectros­
copy analYSis to study the effect of 
hydrocarbon contamination on PFTE 
exposed to on oxygen plasma. Their 
work will lead to the development of 
better surface-modified PFTE products 
for the medical and industrial markets. 

(Session E6) 

Medical Advances 

Applications of the Strategic Defense 
Initiative's Compact Accelerator 
Technology 
Nick Montanarell/, Deputy Direct, Office 
of Technology Applications, StrategiC 
Defense Initiative Organization 
The Strategic Defense Initiative's 
investment in particle accelerator 
technology for Its energy weapons 
program has produced small and 
pawerful accelerations with a variety of 

'spinoff" medical applications. These 
include a radio frequency quadropole 
linear accelerator for a cancer therapy 
unit, a compact induction linear 
accelerator to sterilize medical prod­
ucts: and accelerators to produce the 
radioactive isotopes used as 
radiopharmaceuticals for pOsitron 
emission tomography. 

Acoustically-Based Fetal Heart 
Rate Monitor 
Allan J Zuckerwar, Longley Research 
Center, and Dr, Donald A Boker. 
Boker Guardian Medical Lobs 

A new fetal heart rate monitor, using 
piezopolymer pressure sensors on a belt 
worn by the mother, can identify the 
fetal heart tone from among competing 
background signals and. through signal 
processing. yield a real-time evaluation 
of the fetal heart rate. The monitor Is 
Inexpensive and lends itself to on 
ambulatory mode of operation, 
whereby the mother can conduct fetal 
non-stress tests in her home. 

Surgical Force Detection Probe 
Ping Tcheng, Charles Scott, and 
Paul Roberts, Research Engineers, 
Longley Research Center 

A preciSion electromechanical instru­
ment detects and documents the forces 
and moment applied to human tissue 
during surgery. The pen-shaped probe 
measures just 6 inches long and features 
a tip with on interchangeable scalpel. A 
PC-based data system provides signal 
conditioning, data acquisition. and 
graphics display. 

Correcting Night Myopia with Biofeed­
back and a Simple Pocket Optometer 
Dr. William B. Cushman, Reseorch 
Physiologist. Naval Aerospace Medical 
Research Laboratory 

Navy researchers are using a pocket 
optometer to Implement biofeedback 
training to correct night myopia. 
Although developed to improve pilots' 
night vision, the lightweight, handheld 
optometer could benefit others, 
Including children with ' student 
myopia' 

Concurrent Government­
Industry Workshops 
4:30 pm-6:00 pm 

(Presenters to be announced) 
Agencies holding workshops during this 
period will Include: 
• Deportment of Defense 
• Deportment of Health and Human 

Services 
• Deportment of Veterans Affairs 
• Notional Aeronautics and Space 

Administration 

SAVE TIME AND MONEY: PREREGISTER BY PHONE 
(800-944-NASAJ, FAX (212-986-7864J, DR MAIL 



Advanced Mallufacturing Techllology 

he Intelligent Processing 
Equipment (lPE) Confer­
ence will focus on 
federally-developed 
innovations in robotics, 
sensors, and controls that 
industry can apply to a 

broad range of manufacturing 
processes, including machining, 
forming, welding, heat-treating, 
inspection , and assembly. Fifteen 
federal organizations will report on 
their present R&D efforts in intelli­
gent processing during sessions 
held concurrently with Technology 
2001 symposia in the San Jose 
Convention Center on Tuesday, 
Dec. 3 and Wednesday, Dec. 4. 

On Thursday, Dec. 5, these 
presentations will be reviewed and 
discussed in panel sessions led by 
select industry leaders in manufac­
turing. A luncheon featuring a talk 
by a nationally-recognized expert 
in advanced manufacturing is 
also planned for Thursday in the 
convention center. Proceedings 
will be published and mailed to 
attendees after the conference. 

The IPE sessions are open to all 
Technology 2001 registrants at no 
additional charge. Technology 
2001 registrants are also invited to 
attend the Thursday luncheon, 
which will involve a small fee for 
food costs. Further information on 
the luncheon will be mailed to all 
Technology 2001 preregistrants 
prior to the show, and will also be 
available on-site at an information 
counter in the lobby. 

The final program issued at the 
show will list IPE Conference 
speakers and meeting room 
locations. All the meeting rooms 
are in close proximity, making it 
easy for registrants to attend 
portions of both conferences. 

IPE 
Conference 
Program 

IPE Conference Schedule: 

Tuesday, December 3 

Technical Session 
1 :00 pm - 3:00 pm 

1:00 Department of Agriculture 
1 :30 Department of Commerce 
2:00 Department of Energy 
2:30 Environmental Protection 

Agency 

Technical Session 
4:30 pm - 6:00 pm 

4:30 Federal Emergency Manage­
ment Agency 

5:00 Department of Interior 
5:30 NASA 

Wednesday, December 4 

Technical Session 
8:30 am - 10:30 am 

8:30 National Institutes of Health 
9:00 National Science Foundation 
9:30 Department of the Air Force 
10:00 Department of the Army 

Technical Session 
1 :00 pm - 3:00 pm 

1:00 Department of the Navy 
1 :30 Defense Advonced Research 

Projects Agency 
2:00 Defense Logistics Agency 
2:30 Strotegic Defense Initiative 

Organization 

Thursday, December 5 

Industry Review Panels 
8:00 am - 11 :00 am 

8:00 Robotics Panel 
9:30 Controls Panel 

IPE Luncheon 
11 :30 am - 1:00 pm 

Industry Review Panels 
1 :30 pm - 4:30 pm 

1 :30 Sensors Panel 
3:00 IPE Summary Session 

For further information on the IPE 
Conference, contact Robert 
Schwinghamer at (205) 544-1001 . 

Visit The "Garage" While you are in San Jose, be sure to visit the 
Technology Center of Silicon Valley's new interactive exhibit center, called the 
Garage (after the place where high-tech companies such as Apple Computer 
began). Located across the street from the San Jo e Convention Center, the Garage 
features informative hands-on exhibits in the area of space technology, micro­
electronics, materials, robotics, and biotechnology. Technology 2001 attendees 
are entitled to a discounted admi sion rate of $5. 
Youcanobtainticketson theconcour e level of the 
convention center during all three show days. 

The Garage contains a 9-foot-square I'er ion of a micro­
chip, This exhibit lets you ask a question and then watch 
it process the anSI~er. As different 5ections light up. the 
screen explains how the computation is being made. 



Reserve Your Place At Technology 2001 Todav 
Sove time and money: Preregister for Technology 2001 using 
the convenient form below. Moil the completed form with 
check payable to the Technology Utilization Foundation. or 
fox it with credit cord information to (212) 986-7864 (VISA and 
Mastercard accepted). To register by phone. call (800) 944-
NASA. Government organizations may register using a 
purchase order. Deadline for preregistration is November 8. 
Choose from four types of registrations: 
~ Complete Registration-includes technical sessions. 

workshops. and exhibits for all three show days; tickets to 
the opening reception on Monday. Dec. 2 and the 
Technology Transfer Awards Dinner on Wednesday. 
Dec. 4; and a copy of the Technology 2001 proceedings. 

~ Symposia/Exhibits Registratlo~overs technical sessions. 
workshops. and exhibits for all three days. 

~ One-Day Symposia/Exhibits Registration 
~ One-Day Exhibits Only Registration 

By 11/8 On-Site 

S325 
S225 
S125 

Complete Registration 
Symposia/Exhibits Reg. 
One-Day Symposia/Exhibits Reg. 
One-Day Exhibits Only Reg. 

$300 
S200 
S100 
$25 $30 

Federal government employees are entitled to a 50 percent 
discount on above prices. Discounts are also available to 
groups of ten or more; call (212) 490-3999 for details. 

Tickets to the Technology Transfer Awards Dinner may be 
purchased separately for S150 each using the preregistration 
form or by colling (212) 966-3100. Prereglstrants can pick up 
their badges and reception/dinner tickets at the Son Jose 
Convention Center. 150 West Son Carlos Sf.. during the hours 
listed below. Registration confirmations will be sent via maii. 

On-Site Registration Hours 
Monday. December 2 8:00 am - 5:00 pm 
Tuesday. December 3 7:00 am - 4:00 pm 
Wednesday. December 4 7:00 am - 4:00 pm 
Thursday. December 5 7:00 am - 3:00 pm 

The new Son 
Jose Conven­
tion Center is 
situated In the 
heart of Silicon 
Volley. 

Special Hotel Rates 
Hotel space Is limited. so oct early to secure these special 
conference rates: 

Fairmont Hotel 
(headquarters hotel) 
(800) 527-4727 

Hyatt Son Jose 
(408) 993-1234 

Red lion 
(408) 453-4000 

Hotel De Anza 
(800) 843-3700 

Single 
$105 

S85 

$80 

S115 

Double 
$105 

SI05 

S80 

S130 

The Fairmont and Hotel De Anza are within walking distance 
of the Convention Center; the Hyatt and Red Lion are approx. 
ten minutes away by light Roil-Son Jose's modern. efficient 
public transit system. When making reseNatlons. you must 
mention Technology 2001 to obtain the special rates. 

Transportation Discounts 
Ground: Hertz Corp. is offering special discounted cor rental 
rates with unlimited mileage. For reseNations. call Hertz 
Meeting SeNices at (800) 654-2240 and identify yourself as on 
attendee of Technology 2001 • meeting #9208. 

Air: Discounted air fares are available to Technology 2001 
attendees through American Airlines. Call American Airlines' 
Meeting SeNice Desk at (800) 433-1790 and ask them to 
display Star FlIe ISO 1 N 1 BG. Make reseNations as the lowest 
applicable fare from your departure city and give your 
moiling address. Nepal Travel Bureau-the official travel 
agency for Technology 2oo1-will mall you the tickets. For 
follow-up inquiries about your tickets. call Nepal Travel at 
(800) 666-4519. 

An Ideal Location 
The Convention Center is located just three miles from Son 
Jose International Airport. and offers plenty of Indoor parking. 
At the heart of the downtown cultural center. the Convention 
Center is within easy walking distance of restaurants. shops. 
and entertainment. For information on cultural activities. 
attractions. and tours. call the Son Jose Convention and 
Visitors Bureau at (408) 295-9600. 

Questions? Call Joseph Pram berger or Justina Cardillo at 
(800) 944-NASA ----------------------------------------

Technology 2001 Preregistration Form 
Use a separate form or photocopy tor each registrant. Type or print 

clearly. 
Name ________________________________ _ 
TItle ________________ _ 

Company __________________________ ___ 
Address ____________________________ _ 

City /St/Zip 

Phone 

o check enclosed charge my: 0 VISA 0 Mastercard 

Registration Fees: 
Complete Registration 
Symposia/Exhibits Reg. 
One-Day Symposia/Exhibits 
(Circle day: Tues. Wed. Thurs.) 
One-Day Exhibits Only 
(circle day: Tues. Wed. Thurs.) 
Awards Dinner Only 

$300 $ 
$200 $ 
$100 $ 

$25 $ 

$J5O $ 

Total: (Fed. govt. employees deduct 50%) $ 

Account No. Registrations and awards dinner reservations are trans-
Expiration: Mo. Yr. ferable,andmaybecancel/eduntilNov.8, 7997 subject 

to a $50 cancel/ation fee. After that date no cancel/a-
Signature tions will be accepted and no money refunded. 

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



Explore The Cutting Edge 
Technology 2001 symposia and exhibits will spotlight the 

best new inventions from federal laboratories, universities, 
and leading high-tech companies. Here's just a sample 

of the hundreds of innovations that await you. 

Ultra met will showcase an 
iridium/rhenium thrust cham­
ber that has been called ~the 

greatest advance in chemi­
cal rocket technology in 
three decades .• 

A patented recycling system 
to be displayed by Sorbilite 
Inc. converts paper. sawdust. 
and other waste products 

L-..;;... ___ ---!:~--....: __ ~--.:...~~~ .. into high-quality 3D parts. 

Goddard 
Center 
researchers 
will describe 
an innovative 
software tool 
for building 
and manag­
ing graphical 
user inter-
faces. 

The Ames Research Center 
exhibit will feature a virtual 

reality system that combines 
3D sound and imagery to 
create ~artificial worlds: 

The Marshall Space Flight Center 
will demonstrate an advanced 

computed tomography system, 
shown here inspecting the gearing 

inside a Tomahawk Cruise Missile. 

A major advance in the study and 
measurement of distortion. stress. 

and fracture will be shown by Idaho 
National Engineering Laboratory. 



Bectronic Syst. 
Hardware. Techniques. 56 
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Mode-Switching Algorithms for 
Antenna Servocontroller 

65 FacUity Measures Magnetic Fields 
66 SeIf-Heterodyne Laser-Spectrum 
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66 Digital Pitch-and-RoIl Monitor 
Books and Reports 

49 Modular VLSI Reed­
Solomon Decoder 

58 Robot Grasps Rotating Object 
60 Characterizing Computers and 

68 Research on Controls and 
Displays for V/STOL Airplanes 

Computer Programs 

50 Closed-Loop Chopping­
Mirror Controller 

Predicting Computing Times 
62 Three-Dimensional Acousto­

Optical Spectrum Analyzer 50 Versatile, Fast Computer 
Core 64 System Acquires and Displays 

Signal-Propagation Data 52 Trinary Associative Memory 
Would Recognize Machine Parts 

fr7 Software for Multivariable 
Frequency-Oornain AnalySis 

fr7 Wavefonn-Generating Program 

Modular VLSI Reed-Solomon Decoder 
Multiple chips of the same type would be concatenated for lower cost and flexibility of design. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A proposed Reed-Solomon decoder 

would contain multiple very-large-scale in­
tegrated (VLSI) circuit chips of the same 
type. Heretofore, a typical VLSI implemen­
tation of a Reed-Solomon decoder has 
been made of as many as five different cir­
cuit chips, each of which performs func­
tions from a different stage of the Reed­
Solomon decoding process. The principal 
disadvantage of the prior approach is the 
high cost of developing the different chips. 
Because the proposed decoder would 
oontain chips of only one type, the cost 
of development should be reduced by a 
factor of about 5. In addition, the proposed 
decoder would be programmable in the 
field and could be switched between &bit 
and 1D-bit symbol sizes. 

. In the proposed decoder, each chip 
would contain sets of logic cells and sub­
cells that perform functions from all stages 
of the decoding process. The full decod­
er would then be assembled by concate­
nating the chips, with selective utilization 
of the cells in particular chips (see Figure 
1). Finite-field multipliers are basic building 
blocks of Reed-Solomon decoders, and 
a programmable finite-field, normal-basis 
finite-field multiplier switchable between 
8- and 1D-bit operation has been designed 

lG-8ll_ ElgItt QlIpe 

EIght SyndIome~' 

EIght PoIynomIaI-&.,....,., ~I. 

EIght_~~I. 

EIght ~uatlon Subceli. 

EIght --.eUC\~hm SUbcells 
.. _ __ Cell. 

DETAIL Of ONECHIP 

NASA Tech Briefs, September 1991 

for use as a basic building block of each 
chip. 

In turn, each chip would serve as a 
basic building block of the full decoder. 
Also as shown in Figure 1, each chip 
would be divided into eight rows. The first 
row would be the syndrome-computation 
cell and would consist of eight identical 
syndrome subcells. Both the shift registers 
and the finite-field multipliers in the syn­
drome-computation cell and the follOWing 
cells would be made switchable between 
8- and 1(}bit operation, thereby making the 
entire decoder switchable between 8- and 
10-bit operation. The second row would 
consist of eight polynomial-expansion sub­
cells. The third row would consist of eight 
power-expansion subcells. The fourth row 
would consist of eight polynomial-evalua­
tion subcells, which could also be used 
to do the Olien search. The fifth row would 
consist of eight modified-Euclidean-algo­
rithm subcells. The sixth row would con­
tain such miscellaneous cells as counters, 
shift registers and finite-field multipliers, 
which would pr<Nide "glue logic." 

Figure 2 illustrates the configuration of 
a decoding system that would include the 
proposed Reed-Solomon decoder. A host 
computer (which could be a personal com-

puter) would issue commands to the rest 
of the system. An input module consisting 
mostly of memory chips would store the 
received messages. Such operations as 
formatting, conversion of basis (if both a 
standard and a dual basis are used), and 
zero-fill would be performed in the input 
modula Similarly, an output module would 
store the decoded symbols and perform 
such operations as reconversion of basis, 
reformatting, and zero stripping. A control 
memory would store all the signals used 
to control the VLSI chips. (Because of the 
large number of control signals needed to 
control VLSI chips, the partitioning of these 
chips would become very difficult if con­
trol-signal generators were to be included.) 

This work ~s done tit In-shek Hsu and 
Trieu-Kie Truong of Galtech for NASA's Jet 
Propulsion Laboratory. For further infor­
mation, Circle 33 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 deve/of:r 
ment should be addressed to the Patent 
Counsel, NASA Resident Office-JPL [see 
page 16}. Refer to NPD-17897. 

Figure 1. The Reed-Solomon Decoder would be an assembly of 

- -=11 
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identical VLSI circuit chips. 

Figure 2. The Decoding System would include the decoder of 
Figure 1 plus four other modules. 
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~~Closed-Loop Chopping-Mirror Controller 
Mirror position and velocity are electronically sensed and commanded. 
Ames Research Center, Moffett Field, California 

The motion of a chopping mirror is con­
trolled very precisely by a feecback circuit 
originally developed for the mirrors in orbit­
ing infrared telescopes. The new controller 
enables the selection of different chopping 
frequencies, angular amplitudes, dwell 
times, and dv-Iell positions. It also reduces 
noise and vibration by eliminating mechan­
ical stq:>s and reduces energy consump­
tion in the actuator - an important con­
sideration in infrared telescopes, which are 
very sensitive to thermal disturbances. 

Front· 
SUrface 

Mirror 

Axis 01 The Closed-Loop 
Controller compares 
the actual angular po­
sit ion and velocity of 
the oscillating mirror 
with the commanded 
position and velocity. 
The resulting error 
signals are used to 
control the current to 
the mirror actuator 
and, consequently , 
the torque applied to 
the mirror. The controller is used with a mirror that 

oscillates about a diametral axis (see fig­
ure). It senses the difference between the 
commanded position and velocity and the 
actual position and velocity of the mirror, 
then responds by sending control currents 
to the mirror actuator to correct the error. 

From C8pec1t1 ... 
Position Sanaa< 

A digital function generator generates 
the position- and velocity-rommand wave­
forms that repeat at the selected chopping 
frequency. Regardless of the frequency, 
the position waveform is a trapezoid de­
signed to hold the mirror during 45 percent 
of the cycle at one dwell position, 45 per­
cent of the cycle at the opposite dv-Iell posi­
tion, and 5 percent in each of the two tran­
sitions between the two dv-Iell positions. 

In prinCiple, the velocity-rommand sig­
nal corresponds in amplitude and phase to 
the derivative of the position command. 
The arrpIitude and ~ can be programed, 
however, if that is necessary to c0mpen­
sate for nonlinearity in the actuator 
response. Both command signals are con­
verted to analog form and fed to the analog 
control electronics. 

Signals corresponding to the actual mir­
ror position and velocity are derived from 
the output of a capacitive position sensor. 
The analog control electronics compare 
these signals with the command signals. 
The resulting error signals, along with the 
integral of the position-error signal, are 
multiplied by their respective gain factors, 
then summed. The resulting signal controls 
the power amplifier that generates the c0n­

trol current for the mirror actuator. 
The trapezoidal waveform was chosen 

because with it the mirror follCM'S a path of 
minimum energy consumption. The c0n­

trol system responds by accelerating the 

~J Versatile, Fast Computer Core 
The core speeds up the development of flight computers. 

Goddard Space Flight Center, Greenbelt, Maryland 
A versatile computer core serves as a 

state-of-the-art component and a tool for 
the development of computing systems 
that are required to process data rapidly, 
particularly as part of control tasks that in­
volve relatively large volumes of input and 
output data. This core exploits new tech­
nology to enhance the performance need­
ed in flight computers, the development 
of which has heretofore been relatively 
slow because of the limitations of central 
processing units and memories. Com­
puting and other equipment specific to a 
flight system can be added around this 
core to develop flight systems rapidly with­
out incurring the time and monetary costs 
of designing a new core. 
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The core consists of a Harris RTX2010 
central processing unit, system memory, 
decoding logic, a watchdog timer, wait­
state and timing circuitry. It also includes 
an RS232 interface for the development 
of programs and for monitoring the sys­
tem. The core software kernel, which is 
stored in read-only memory, is based on 
the American National Standards Insti­
tute's Forth computing language. Inas­
much as Forth is the native (assembly) 
language of the central proceSSing unit, 
this kernel provides a compact, robust, 
fast, interactive software-development en­
vironment that is extensible by the user. 

The core consumes very little power, 
the amount depending on the operating 

To Actuator 

mirror to the commanded angular velocity 
at the beginning of the angular transition, 
then decelerating the mirror to zero angu­
lar velocity when it reaches the next dv-Iell 
position. During the transition, the mirror 
coasts, except for small corrections in re­
sponse to velocity errors. The total energy 
required by the two impulses is about one­
fourth that required by a comparable 
square-wave controller. 

This work was done by Kenneth R. Lorell 
of Ames Research Center. For further in­
formation, Circle 84 on the TSP Request 
Card. 
ARC-11177 

frequency, the size and speed of the mem­
ory, and input/output requirements. For ex­
ample, with a memory size of 256 Kb and 
a frequency of 10 MHz, it uses less than 
100 rnA at 5 V. In situations in which it is 
essential to minimize the consumption of 
power, extemal signals can be used to tum 
the core and the rest of the computing 
system off and on in duty cycles. Battery 
backup for memory is also available. 

The central processing unit executes all 
native instructions in one or two cycles. 
Because most native instructions corre­
spond to high-level Forth words, develop­
ing in Forth is equivalent to assembly­
language programming. However, many 
"phrases" of words can be optimized by 

NASA Tech Briefs, September 1991 



The Only Real Choice 
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CSI's FFT Analyzer, Digital Oscilloscope, Data 
Collector, Balancing Instrument, Transient 

Analysis Package, Structural Analysis Unit, 
and Acoustic Analyzer. 

Which would you rather use? 
The CSI Model 2400 Dynamic Signal Analyzer is both 
powerful and versatile. It can be configured for either 
two or four channels of simultaneous data aquisition, 
and its fast operation, frequency range of 80kHz, and 
25/600 lines of resolution make it powerful enough to 
handle all of your analysis needs. 

The most remarkable thing about the CSI 2400, however, is 
in addition to being a powerful FFf analyzer and digital 
oscilloscope, its downloadable application software pro­
grams allow you to use all of its analysis power for data 
collection, balancing, transient, structural, and acoustic 
analysis, and many other applications. All of these pro­
grams have the same user-friendly interface, with 
pop-up menus, function key control, and extensive 
on-line help. 

A powerful FIT Analyzer, 
Digital Oscilloscope, Data 
Collector, Balancing Instrument, 
Transient Analysis Package, 
Structural Analy is Unit, and 

Analyzer. 

Which would you rather carry? 
With all of its capabilities, the CSI Model 2400 weighs 
only about 10 pounds. It is battery powered, sturdily 
built, and has a large backlit display that is dear and leg­
ible regardless of available light 

Which would you rather buy? 
Even the four-channel Model 2400 with a full two 
megabytes of memory is less expensive than many two­
channel analyzers. And because you can upgrade the 
CSI Model 2400 with additional or updated software, it 
can be applied to many other measurement tasks and it 
won't become obsolete. 

Can you afford to buy any other analyzer(s)? 

Compare for yourself. Then call us. 

Computational Systems Incorporated 
835 Innovation Drive • Knoxville, Tennessee . Phone (615) 675-2110 . Fax (615) 675-3100 

Research Park Interleuven • B-3OO1 Leuven, Belgium . Phone 32-16 29 2211 • Fax 32-16 29 43 44 
Circle Reader Action No. 343 



making them executable in single instruc­
tions (opcodes). This kind of optimization 
is called "code compression." The com­
pression ratio (the number of Forth words 
that can be executed in one opcode in one 
clock cycle) typically lies between 1.5 and 
3, but it can be as much as 5 in highly 
optimized segments of code. This much 

compress:on enables the central process­
ing unit to have an operation throughput 
(measured in the number of instructions 
per unit time) greater than its clock speed. 
Running at 10 MHz, it can have an average 
throughput of 15 to 30 million instructions 
per second (MIPS), with bursts up to 50 
MIPS. Previous flight computers have not 

been able to provide this much throughput 
in a comparable small size, low power, and 
low cost package. 

This work was done by Doug/as Ross 
of Goddard Space Right Center. For fur­
ther information, Circle 26 on the TSP Re­
quest Card. 
GSC-13364 

Trinary Associative Memory Would Recognize Machine Parts 
Some deficiencies of binary representations are overcome. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
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MS-504 
Easy To U se 
Video Imaging 

_ Hand-held, high magnification 

video imaging is now easy and 

affordable _ The Moritex 

Scopeman™ MS-504 provides 

a high resolution, full color 

magnified video image of 

virtually any subject up to 

lOOOX. 

The flexible, imaging probe can 

be hand-held and stand or 

machine mounted. The MS-

504' s remote bead camera and 

integrated fiber optic illumina­

tion features make it a perfect 

candidate for integration onto 

specialized inspection systems_ 

Applications include: QC/QA, 

product/part inspection, failure 

analysis-NDTINDI, machine 

vision, on-line inspection and 

R&D. 

~ MORlrEX USA. INC 

U.S. Distributor: 
MORITEX USA, INC. 
6440 Lusk. Blvd, Suite 0-105 
San Diego, CA 92121 
Tel: 1-800-548-7039 
Tel: (619) 453-7905 

Manufactured by: 
MORITEX CORP. 
Meisei Building 
8-9 Sakuragaoka-Cho 
Shibuya-Ku, Tokyo 150 
Japan 
Tel: (03) 3476-1660 

European Distributor: 
MORITEX EUROPE 
4 Baldock Way 
Cambridge CBI 4UU 
United Kingdom 
Tel: (0223) 410041 
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li'inary associative electronic and opto­
electronic memories are undergoing devel­
opment for use in recognizing patterns -
for example, to distinguish among different 
machine parts when stimulated with whole 
or partial views of the parts. Most associa­
tive memories investigated in previous re­
search on artificial neural networks have 
been based on two-valued logic: either 
unipolar binary (0,1) or bipolar binary (-1,1). 
The trinary associative memory combines 
the merits and overcomes major deficien­
cies of the unipolar and bipolar logics by 
combining them in a three-valued (1,0,-1) 
logic that reverts to unipolar or bipolar 
binary selectively, as needed to perform 
specific tasks. 

The advantage of an associative memo­
ry is that one obtains access to all parts 
of it simultaneously on the basis of the 
content, rather than the address, of the 
data. Consequently, it can be used to ex­
ploit fully the parallelism and speed of op­
tical computing. When stimulated with an 
input vector (which could be a complete 
or partial representation of the pattern 
being examined), an associative memory 
puts out a vector that mayor may not 
indicate a match with the complete vec­
tor of one of the patterns stored in the 
memory. 

In the Hopfield neural-network model, 
well known among researchers in this 
field, the outer product of a vector with it­
self is used as a memory matrix for that 
vector, and thereafter a memory matrix is 
added for each of the nearly orthogonal 
stored vectors. Hopfield networks have 
been implemented by use of bipolar binary 
numbers in storing vectors and unipolar 
binary numbers in addressing the memo­
ries. An inner-product representation of as­
sociative memory has been based on the 
Hopfield model. 

Both the inner product and the Ham­
ming distance have been studied as can­
didate measures of the convergence of a 
vector toward one stored in memory (and, 
therefore, as measures of similarity be­
tween patterns or objects represented by 
the vectors). Usually, the Hamming dis­
tance has been used as a measure of dis­
similarity, overlooking the role of the inner 
product in determining convergence. In 
cases other than that of bipolar binary in· 
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put, the Hamming-distance criterion has 
been found not to represent directly the 
continuing matching process of conver­
gence. Inner-product weighting coefficients 
have been found to playa more dominant 
role in many representations for determin­
ing convergence. 

Each of the two binary representations 
has its own merit. With bipolar input and 
thresholding, the outcome of the conver­
gence process in an associative memory 
always agrees with the minimum-Ham­
ming-distance criterion. At the same time, 
the bipolar binary representation prevents 
the input from converging to a negative 
vector. On the other hand, when binary 

NEW! VERSION 2 

unipolar representation is used, a memory 
typically seems to recognize partial input, 
irrespective of its Hamming distance. 

In the trinary associative memory, to 
make the inner product more Significant, 
one can use matching zeros. This, in turn, 
requires that only those elements of a par­
tial input vector that are in common with 
a stored vector be represented in bipolar 
binary, while the remaining elements (rep­
resenting the unknown components of the 
input vector) are set to zero. The inner prod­
uct that corresponds to the input vector 
is thereby made to equal the number of 
known elements. Thereafter, one can apply 
thresholding to accelerate convergence 
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and to avoid convergence to the negative 
vector. To measure closeness, Hamming 
distance should be used only for the known 
elements and not for the whole vector. 
Thus, in the first iteration, the unknown por­
tion of the input is kept inert. Only after 
the first iteration is the input vector rep­
resented in bipolar binary to accelerate 
convergence. 

Computer simulations have been per­
formed to compare the abilities of trinary 
and binary associative memories with 
inner-product thresholding to recognize 
two-dimensional patterns when stimulated 
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Nine Partial Images P1 through P9 (each 
11 by 20 picture elements), were used to 
prompt each of three associative memories 
in a computer simulation. Complete pat­
terns S1 through S4 were stored in the 
memories. The outputs of the binary as­
sociative memories converged to the cor­
rect pattern, S2, in only two cases but 
showed false convergence (FC) to stored 
or erroneously synthesized patterns in the 
other cases. The outputs of the trinary 
associative memory converged to the cor­
rect patterns in all nine cases. 
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by parts of those patterns. As illustrated 
in the figure, the trinary memory gave cor­
rect outputs, while the outputs of the uni­
polar memory were mostly erroneous and 
those of the bipolar memory were entire­
ly erroneous. 

This work was done by Hua-Kuang Uu, 
of Caltech, Abdul Mad S. Awwalof Wright 
State University, and Mohamf7,lad A Karim 

of the University of Dayton for NASA's Jet 
Propulsion Laboratory. For further infor­
mation, Circle 93 on the TSP Request 
Card. 

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

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

Refer to NP0-17850, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 

Mode-Switching Algorithms for Antenna Servocontroller 
Perturbations caused by switching between modes are expected to be reduced. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
New algorithms have been proposed to 

reduce acceleration and velocity pertur­
bations caused by transitions between the 
control modes of a servocontrol system. 
The system in question aims a 10-m-di­
ameter antenna. It is desirable to reduce 
these perturbations because they excite 
vibrations in the antenna structure, thereby 
increasing the time required to aim the 
antenna in a new direction and contrib­
uting to mechanical wear in the antenna­
aiming mechanisms. 

The servocontrol system consists of a 
position-control loop closed around a rate 
(velocity}-control loop. The rate loop is an 
analog type-I controller. A rate command 
(voltage) from the poSition-loop controller 
is compared to filtered tachometer feed-

back rate (voltage) to create a rate error. 
The rate loop adjusts the actuator-com­
mand signal to null the rate error, causing 
the antenna to turn at the commanded 
rate. 

The position loop is closed by a digital 
computer called the "antenna servocon­
troller" (ASC), which is a type-II controller 
that positions the antenna on the basis of 
position commands. Three control modes 
are effected via algorithms that reside in 
the ASC: (1) a slewing mode called the 
"large-error" mode; (2) a computer track­
ing mode called the " small-error" mode; 
and (3) a precise tracking mode called the 
"precision" mode. The large-error mode 
is used to slew the antenna over large an­
gular displacements. The small-error mode 
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is used to track position commands with 
encoder feedback. The precision mode is 
used to track a precise positioner, by use 
of an optical link (an autocollimator) as a 
position-feedback device. 

In the new mode-switching algorithm, 
a transition from the small-error mode to 
the large-error mode is made when the 
position command requires a large angular 
motion. A transition from the large-error 
mode to the small-error mode is made 
when the position error is small. The logic 
for transitions between the small-error and 
precision modes remains the same as the 
old mode-switching logic. 

The large-error mode was modified for 
use with the new mode-switching algo­
rithms and separated into two parts: the 
new large-error mode and the modified 
small-error mode. The new large-error mode 
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Perturbations in a Rate Command occur at transitions between 
small- and large-error control modes. The transitions are smoother 
with the new mode-switching algorithms aznd control modes. 
These plots represent the simulated rate-command responses to 
a 10 step change in a pOSition command. 
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accelerates the antenna from the small­
error mode to the maximum slewing rate 
by use of a digital Bessel filter. The mod­
ified small-error mode is one of two sub­
modes of a new small-error mode and is 
a type-I controller. It decelerates the anten­
na from the maximum slewing rate and 
makes a transition into the other small­
error submode, which is a type-II small­
error mode. It makes this transition by 
" turning on" the integral-error state in a 

state controller. Simulations showed that 
the combination of the new switching al­
gorithms and modified control modes 
should provide smoother transitions be­
tween the small- and large-error modes 
with fewer acceleration and rate perturba­
tions (see figure). 

The switching between the small-error 
and precision modes was improved by 
using the same Bessel filter as in the large­
error mode and by matching control gain. 

The misalignment error was filtered to pro­
vide smoother and more-stable transitions. 
Simulations showed improved stability, 
robustness, and smoothness of transitions 
between the. small-error and precision 
modes. 

This oork was done /:If Jack A Nickersan 
of Caitech for NASA's Jet Propulsion 
Laboratory. For further information, Cir­
cle 106 on the TSP Request Card. 
NPQ-17489 

Robot Grasps Rotating Object 
Advanced techniques for sensing and control are combined. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

All experimental robotic system semiau­
tomatically grasps a rotating object, stops 
the rotation, and pulls the object to rest 
in a fixture. The system, based on a com­
bination of advanced techniques for sens­
ing and control, was constructed to test 
concepts for the robotic recapture of spin­
ning artificial satellites. Fbtential terrestrial 
applications for the technology to be de­
veloped with the help of this system could 
include tracking and grasping of industrial 
parts on conveyor belts, tracking of ve­
hicles and animals, and soft grasping of 
moving objects in general. 

The system (see figure) consists of a 
sensing-and-perception (s&P) subsystem 
and a manipulator-control-and-mecha­
nization (MCM) subsystem. The S&P sub­
system acquires and tracks the position, 
orientation, linear velocity, and angular 
velocity of the spinning object [in this 
case, a 350-lb (159-kg) mockup of a 
satellite] and sends tracking data to the 
MCM subsystem. The S&P subsystem in­
cludes charge-coupled-device video 
cameras, video digitizers, frame buffers, 
a custom-made "pipeline" video-data proc­
essor that finds high-contrast edges in the 
video images, and buffers that store the 
output of this processor. The S&P sub­
system also includes a microcomputer 
programmed to control the. other S&P 
equipment and to pertorm the various 
computing tasks involved in acquisition, 
tracking, and the analysis of images. 

The MCM subsystem grapples the spin­
ning object and brings it to rest without 
exerting excessive forces on the object or 
on itself. This subsystem includes two ro­
bot arms with hands that include special 
grappling tools mounted on pneumatical­
ly driven parallel fingers. A microcomputer 
that communicates with the S&P micro­
computer and with the robot-controlling 
microprocessors performs the control c0m­
putations for each arm. Data from force 
and torque sensors on the robot arms are 
passed back to the computers via the ro­
bot-controlling microprocessors. 
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Ultimately, of course, it would be desir­
able to develop a robotic system that could 
acquire a view of the rotating object, track 
it, grasp it, and bring it to a stop, all auto­
matically. A fully autonomous acquisition 
algorithm is being developed, but at pres­
ent, acquisition requires so much com­
putation that it cannot be performed rapidly 
enough on currently available computers 
to keep up with a moving object in real 
time. Therefore, the experimental system 
is designed to execute a semiautomatic 
acquisition procedure: A human operator 
guides the system into an approximate 
overlap of each video image of the rotating 
object with a superimposed wire-frame 
video image that represents the state of 
the rotating object in the mathematical 
model of the object in the computer. Once 
the desired overlaps are achieved, the 
operator commands the system to begin 

the automated operations of tracking, 
grasping, despinning, and pulling into the 
fixture. 

In experiments, the system has suc­
cessfully grappled the satellite mockup at 
rotational speeds up to 2 rpm. At higher 
speeds, delays in communication and in­
accuracies in the control subsystems 
cause the robot hands to miss the grasp­
ing pads on the mockup. The use of faster 
computers and improved robot-control 
software should improve the grappling 
capability and help reduce the transient 
grappling forces. 

This oork was done by Brian H. Wilcox, 
Kam S. Tso, Todd E. Urwin, Samad A. 
Hayati, and Bruce B. Bon of Caltech for 
NASA's Jet Propulsion Laboratory. For 
further information, Circle 90 on the TSP 
Request Card. 
NPQ-18016 

The Test Bed of the NASA Telerobot Project is being used to Investigate the robotic 
capture of a spinning mockup of a satellite. The technology is also potentially appli­
cable to Industrial robots and robotic vision systems that are required to acquire, 
track, and possibly grasp moving objects. 
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Failure Mode Distributions 
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Characterizing Computers and Predicting 
Computing Times 
Times necessary to run given programs on given computers 
can be predicted fairly accurately. 
Ames Research Center, Moffett Field, California 

Art improved method for evaluation and 
comparison of computers running the 
same or different FORmAN programs has 
been devised. It enables one to predict the 
time necessary to run a given " bench­
mark" or other standard program on a 
given computer, in scalar mode and with­
out optimization of the codes generated 
by the compiler. Such " benchmark" run­
ning times are principal measures used 
to characterize the performances of com­
puters; as such, they are of interest to de­
signers, manufacturers, programmers, and 
users. 

Heretofore, the time to execute a bench­
mark program on a specific computer had 
to be determined either by running that pro­
gram on that computer or else by extrap­
olation from similar benchmark programs 
for which data were available Such "t>ench­
marking" often gives an oversimplified 
measure that is not particularly useful in 
comparing performances, extrapolation is 
difficult if not impossible in many cases, 
and neither benchmarking nor extrapola­
tion measures the structural character­
istics of equipment and programs that af­
fect running times. 

In a sense, the new method also in­
volves benchmarks and extrapolation, but 
with an important difference: it breaks 
down the problem into smaller measurable 
components in a process that involves the 
characterization of the computer and the 
separate characterization of the bench­
mark or other program, followed by a syn­
thesis that yields a prediction of the per­
formance of the computer running that 
program (see figure). For the characteriza­
tion of the computer, the method pre­
scribes one or more " system characteriz­
ers," which are computing experiments 
that detect, isolate, and measure features 
of the hardware and the software that runs 
on it. These features describe the system 
and determine its performance. The ac­
curacy of the description depends on the 
number and detail of the experiments. For 
example, a very coarse descriptive model 
would be one in which all floating-point op­
erations are represented by only one pa­
rameter. The same system characterizer, 
consisting of FORTRAN program con­
structs, is run on all the computers of in­
terest. The output produced by the char­
acterizer constitutes the data base that will 
be used to estimate performance. 

For the characterization of the bench­
mark or other application program, the 
method prescribes an algorithm called the 

The System Characterizer and the Pro­
gram Analyzer acting in conjunction with 
the execution predictor, predict the time 
required to execute a given FORTRAN ap­
plication program on a given computer. 

" program analyzer," which analyzes the 
program to determine how it will be ex­
ecuted in the given system. The param­
eters chosen for this decomposition are 
exactly the set of operations supported by 
the programming language. Thus, the im­
plementation of the program analyzer re­
quires the modification of the compiler to 
obtain the static properties of the applica­
tion program and the " instrumentation" of 
the source or object code to produce dy­
namical statistics at run time. These prop­
erties and statistics enable the prediction 
of the dynamic behavior of the application 
program. 

The execution predictor is the algorithm 
that combines the outputs of the system 
characterizer and the program analyzer. 
It predicts the total execution time for a 
program as a linear combination of execu­
tion t imes of its component operations. 
Thus far, the method has yielded fairly ac­
curate predictions of the execution times 
of 10 benchmark programs on 10 different 
computers. 

This work was done by Rafael H. 
Saavedra-Barrera of the University of Cali­
fornia for Ames Research Center. Fur­
ther information may be found in NASA 
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CR-177511 [N89-15648], "Machine Charac­
terization and Benchmark Performance 
Prediction." 

Copies may be purchased [prepayment 
required] from the National Technical In­
formation Service, Springfield, Virginia 
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orders may be placed for an extra fee by 
calling (BOO) 336-4700. ARG-12434 

l'J Three·Dimensional Acousto·Optical Spectrum Analyzer 
Integration in the third dimension (time) yields superfine resolution. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
An experimental acousto-optical Bragg­

cell spectrum analyzer achieves subhertz 
frequency resolution. This system repre­
sents an extension to three dimensions of 
the two-dimensional spectrum-analyzer 
concept described in the preceding arti­
cle, "Two-Dimensional Acousto-Optical 
Spectrum Analyzer" (NPO-18092). In this 
as in the preceding system, the first and 
second dimensions are the two spatial di­
mensions of a charge-coupled-device 
(CCD) imaging array. The third dimension 
is time, as sampled at the frame rate of 
the CCD array. 

Figure 1 is a schematic illustration of 
the three-dimensional spectrum analyzer. 
As in the two-dimensional version, (1) the 
signal is first focused in one direction by 

a Fourier-transform lens (this is called 
"space integration") onto the CCD array 
to obtain coarse frequency resolution, then 
(2) the focused signal is mixed with a ref­
erence function in the form of a sampled 
distributed local oscillator and integrated 
in time on the CCD array to obtain fine fre­
quency resolution in the perpendicular di­
rection. The fine frequency resolution is 
typically about 100 Hz. 

The three-dimensional spectrum ana­
lyzer includes a real-time digital image 
processor, which "grabs" each frame of 
the two-dimensional image of the spec­
trum produced by the space and time in-

Figure 1. The Three-Dimensional Acousto-Optical Spec­
trum Analyzer is essentially a two-dimensional acousto­
optical spectrum analyzer equipped with a real-time digital 
image processor that performs a secondary integration in time 
on the output of each picture element in the CCO array. 

tegrations on the CCD array. This proc­
essor performs a secondary integration in 
time in each fine-resolution channel over 
a sequence of frames. A fast Fourier trans­
form is applied to the sequence of values 
in each picture element. As a result, each 
fine-resolution channel is resolved further 
into channels of subhertz width. This three­
dimensional operation would be particular­
ly useful in both quickly identifying a nar­
row-band radio-frequency signal within a 
wide initial analysis band and analyzing its 
subhertz spectral features. 

Figure 2 shows the result of an experi­
ment in which the three-dimensional sys-

CCO 
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tem was used to analyze a 1,OOO,941-Hz 
signal. The CCD frame rate was 30 frames 
per second, and the secondary integration 

Figure 2. This Spectrum Containing a Peak 
was obtained by processing a 1,OOO,941-Hz 
signal through the three-dimensional 
acousto-optical spectrum analyzer. The 
horizontal scale represents frequency at 
1 Hz per division. 

in time was performed over 512 frames 
(about 17 seconds). The output spectral 
peak has a full width at half maximum of 
only 0.12 Hz. 

This 'WOrk was done by Homayoon An­
sari and James R. /.esh of Caltech for 
NASA's Jet Propulsion Laboratory. For 
further information, Circle 135 on the TSP 
Request Card. 
NPO-18122 

System Acquires and Displays Signal·Propagation Data 
The system is flexible and easy to operate. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

All electronic system acquires, controls 
the processing of, and displays data from 
experiments on the propagation of phase­
coherent radio signals at frequencies of 
12, 20, and 30 GHz. The system offers out­
standing accuracy; acquires and displays 
data and controls associated equipment, 
all in real time; and includes a hardware 
and software interface with the user that 
makes it flexible and easy to operate. 

The equipment portion of the system is 
a rack-mounted unit that includes a 
custom·made backplane. Circuits of six 
types are plugged into the backplane: 
digital input, analog input, digital output, 
analog output, one that serves as an in­
terface to a hybrid digital/analog receiver, 
and one that contains a microprocessor­
based controller (see Figure 1). The con­
troller serves as the interface between the 
other circuit cards and a personal com­
puter that, in turn, serves as the hardware 
interface between the system and the user. 

The primary function of the controller 
is to sample data from the input cards at 
a rate, commanded by the user, between 
10 and 100 Hz. All of the input cards are 
synchronized with each other via a com­
mon sampling-clock signal. After each 
sampling pulse, the control unit reads the 
latched value from each card and buffers 
the data for transmission to the computer. 
The controller can be configured to return 
only those data that are from specific 
channels and that are to be recorded in 
the disk memory of the computer. By thus 
reducing the number of data, the data­
acquisition system reduces the load on the 
computer, enabling it to perform other 
tasks in addition to receiving and process­
ing the incoming data. 

The data acquired by the system are 
transferred to the computer via an "inter­
rupt" service routine and stored in a first­
in/first-out buffer memory. A C-Ianguage 
program that is executed as a background 
process formats the data and transfers 
them to a file in the disk memory of the 
computer. The program also enables the 
user to select, for display andlor process­
ing, a subset of data from a specified group 

64 

of channels and from a specified interval 
of time (including data being collected at 
the moment). 

The overall operation of the system is 
controlled by a multitasking program (see 
Figure 2) that assists the user with win­
dows, icons, and other graphical display 
features. The user supervises the system 
via keyboard and mouse inputs; these 
inputs are coordinated, and the video out· 
puts are controlled by taSk-manager soft­
ware. The task-manager software sched­
ules and dispatches computing tasks, 
assigning priorities according to prescribed 
rules. 

Windcm-manager software prcMdes SUI> 
port for the display adapters of the video 
output terminal of the computer. Functions 
include swapping video pages with data 
in storage in the disk memory, selection 
of the active window, and pulldown menus. 
Each foreground task has a direct link to 

FlQure 1. The Data-Ac­
quisition Equipment 
coordinates the flow of 
data from multiple in­
put channels to the 
computer. 

Figure 2. The Data­
AcquiSition Software 
provides for multi­
tasking and for interac­
tive graphical displays, 
including easy-to-use 
windows and pulldown 
menus with mouse in­
put. This diagram illus­
trates the relationship 
between the interac­
tions among the task­
manager software, the 
window-manager soft­
ware, and the tasks 
prescribed by the user. 

the window-manager software; one pur­
pose of this link is to provide the pulldown 
menus that assist the user in the task. The 
windcm-manager software coordinates the 
mouse input from designated positions on 
the pulldown menus. 

Data can be displayed in a variety of 
formats, including single traces and col­
ored multiple traces. For each format, the 
time scale can be varied to display single 
events or long-term trends. The displayed 
data can be edited graphically. The rate 
of sampling and the channels from which 
data are to be stored in the disk memory 
can also be chosen via the display software 

This work was done by John C. 
McKeeman and P. William Remaklus of 
Virginia Polytechnic Institute and State 
University for NASA's Jet PropulSion 
Laboratory. For further information, Cir­
cle 9 on the TSP Request Card. 
NPo-18190 
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Facility Measures 
Magnetic Fields 

Objects are magnetically 
characterized and, to the extent 
possible, magnetically 
compensated. 

NASA's Jet Propulsion 
Laboratory, Pasadena, California 

A partly automated facility (see figure) 
measures and computes the steady near 
magnetic field produced by an object. The 
facility was designed primarily to deter­
mine the magnetic fields of equipment to 
be installed on spacecraft that include sen­
sitive magnetometers, with a view toward 
the application of compensating fields to 
reduce interference with the spacecraft­
magnetometer readings. However, because 
of its convenient operpting features and 
the sensitivity of its measurements, the 
facility could serve as a prototype for simi­
lar facilities devoted to magnetic charac­
terization of medical equipment (e.g., for 
nuclear-magnetic-resonance imaging), 
magnets for high-energy particle acceler­
ators, and magnetic materials. 

The facility can measure the magnetic 
field of an object of any size up to about 
1 m in its maximum linear dimension. Be­
cause of accuracies associated with the 
computerized data acquisition vs. the old 
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method of manually reading pen-drawn 
plots, the new system provides three times 
the sensitivity of the best prior facility of 
this kind_ A computer controls the opera­
tions of the measuring equipment, inte­
grates these operations with the acqUisi­
tion and processing of the measurement 

Highly Magnetically 
Permeable 

Doubl.Nested 
MagneUc-shleldlng 

cane 

data, and produces analyses of the data 
in nearly real time. The test technician ex­
erts overall control via a computer work­
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technician's task by providing menus of 
options and easy-te-understand instruc­
tions. 
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The JPL Magnetics Facility, housed in a laboratory room, maps the radial component 
of the magnetic field produced by an object. The facility can measure fields as small 
as a few nanoteslas. 
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The three components of magnetic field 
from each measurement are used to com· 
pute the radial component in a spherical 
coordinate system centered on the axis of 
rotation in the test object. The computer 
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program performs a fifth-order spherical­
harmonic analysis of the radial component 
of the magnetic field on the imaginary 
spherical surface on which the measure­
ments are performed. This analysis yields 
the dipole and quadrupole moments of the 
magnetic field. Other data products in­
clude plots of the magnetic field in various 
coordinate systems. 

The ease of data analysis aids rapid 
tumaround when it is desired to "compen­
sate" objects (reduce the field by an op-

posing compensating permanent magnet) 
to reduce their residual fields. 

This work was done by Shawn B. 
Honess, Pablo Narvaez, and James M. 
McAuley of Caltech for NASA's Jet Pro­
pulsion Laboratory. For further informa­
tion, Circle 25 on the TSP Request card. 

Inquiries concerning rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel, NASA Resi­
dent Office.JPL [see page 76]. Refer to 
NPO-18187. 

Self·Heterodyne Laser·Spectrum Analyzer 
Spectral widths of as little as 100 kHz can be measured. ~~ 

Goddard Space Flight Center, Greenbelt, Maryland ~~ 
An apparatus measures the spectral 

widths of the light emitted by GaAs or other 
narrow-linewidth diode lasers at wave­
lengths between 800 and 900 nm. Operat­
ing on a quasi-homodyne or self-hetero­
dyne principle, the apparatus provides 
relatively high spectral resolution: it can 
measure spectral widths of the order of 
100 kHz. In comparison, the best resolu­
tion obtainable from a Fabry-Perot eta Ion 
at wavelengths from 800 to 900 nm is 
about 12 MHz. 

In the apparatus (see figure), the light 
from the diode laser under test is sent 
along two arms of an interferometer. An 
acousto-optical modulator in one arm 
shifts the frequency of the light in that arm 
by 200 MHz. The other arm is a delay line 
that consists of a single-mode optical fiber 
1.2 km long. The outputs of the two arms 
are summed in an avalanche photodiode. 

----~.~~~~-. --~~ 
\ ~ 

Diode 
Lase< 

The output of the photodiode is viewed 
on a spectrum analyzer. The spectrum in­
cludes a spike at the 20Cl-MHz beat note 
and a Lorentzian distribution (a measure 
of incoherence) around the spike. The half 
width at half maximum of the Lorentzian 
component is considered to be the spec­
tral width of the laser light. The fine spec­
tral resolution of this apparatus can pro­
vide data relevant to the use of AIGaAs 
diode lasers in such applications as co­
herent optical communication through free 
space and injection seeding of solid-state 
lasers. The data can also be used to ex­
plore the connection between the lifetimes 
and spectral widths of diode lasers. 

This work was done by Babak Saif and 
Bernard D. Seery of Goddard Space 
Flight Center. No further documentation 
is available. 
GSC-13397 

1.2·km Single-Mode 
Optical Fiber 

The Heterodyne la­
ser-Diode Spectro­
meter resolves the 
spectrum of a laser 
diode to as little as 
100 kHz. 

Digital Pitch·and·Roll Monitor 
A compact inclinometer is precise and prints out 
readings on demand. 

Langley Research Center, Hampton, Virginia 

The measurement of angle with respect 
to the local vertical is important in wind­
tunnel testing and other applications. This 
problem is compounded if it is necessary 
to make this measurement in two axes 
simultaneously. In some wind tunnels, 
models can be set to roll angles over a 
360° range and to pitch angles over a 

reasonably wide range. Sensors are gen­
erally employed to determine the attitudes 
of such models, but it is always necessary 
to verify the calibration of the sensor(s) in 
each model before and after a wind-tunnel 
test. Conventional inclinometers, which are 
generally used for this task, have distinct 
disadvantages in weight. size, readability, 
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and the like. Other types of angle sensors 
are available but have either limited range 
or limited accuracy. 

Consequently a small, highly accurate 
inclinometer has been developed. This in· 
clinometer monitors both pitch and roll 
simultaneously and can provide printed 
output on demand. The inclinometer in­
cludes three mutually perpendicular ac­
celerometers and signal-conditioning cir­
cuitry that converts the outputs of the 
sensors to digital values of pitch and roll. 
The accelerometers are mounted on an 
inclinometer base. Three digital multime­
ters have been modified to supply power 

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. 

Research on Controls 
and Displays for 
V/STOL Airplanes 
Advanced control 
systems are needed 
for complicated maneuvers 
under adverse conditions. 

A report describes continuing research 
into electronic control and display systems 
for vertical/short-takeoff-and-Ianding 
(V/STOL) aircraft. The objective of this 
research is to develop advanced digital 
control systems ("fly-by-wire" systems) 
that will integrate flight and propulsion con­
trols. These systems are intended to ena­
ble pilots to perform complicated landing 
maneuvers, including transitions from hori­
zontal to vertical flight under visual and in­
strument flight conditions and landing in 
bad weather on the decks of heaving ships, 
in confined spaces, and at ill-prepared 
sites. The thrust of the research described 
in the report is toward the eventual demon­
stration of such a system in NASA's 
VISTOL Research Aircraft (VSRA). 

A major technological challenge is posed 
by the complicated interaction of kinemat­
ics, aerodynamics, and propulsive forces 
and moments during the transition from 
airbome (horizontal) to jetborne (vertical) 
flight, as reflected in poor flying qualities 
and limited control authorities. The pilOt's 
control problem during the transition is ag­
gravated by the general degradation of fly­
ing qualities with the increase in depen­
dence on powered lift, and by additional 
control requirements related to thrust vec­
toring, and to ignition or switching of flow to 
lift-augmenting devices. The development­
al advanced control systems are intended 
to integrate the propulsive and aerody­
namic controls and displays in ways that 
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to the accelerometers and digitize their 
outputs. A small programmable calculator 
computes the angles, and a printer pro­
vides hard-copy output. 

The displays of the multimeters provide 
visual readout of pitch and roll directly in 
degrees. The system can be operated 
from 115 Vac or from intemal batteries. The 
system has a resolution of 0.001 ° and an 
accuracy of approximately ±0.005°. The 
computer program provides for using an 
alternate reference instead of reading ab­
solute angles. This simplifies mounting the 
inclinometer on a model at some location 
other than the zero-reference surface. 

minimize the design requirements for ex­
cessive propulSive capability, yet enhance 
the precision of the flightpath and the ability 
to operate in adverse weather. 

This report reviews results of several in­
vestigations, in the Ames Research Center 
Vertical Motion Simulator, of fixed-wing 
VISTOL aircraft performing decelerating 
approaches under instrument flight condi­
tions, followed by recovery to confined 
landing pads or aboard ships. It describes 
flight experiments to be conducted on the 
NASA VSRA to substantiate the results of 
the simulation. 

From the simulations, contributions of 
control augmentation and integrated elec­
tronic displays to the operation of these air­
craft in adverse weather and aboard ships 
have been defined. In particular, for the de­
manding task of a decelerating approach 
to hover on instruments, aircraft with vec­
tored-thrust capability may require some 
form of decoupled flightpath and longitudi­
nal-acceleration command in addition to 
attitude command to achieve satisfactory 
flying qualities. Further, a cockpit display 
that integrates situation and command in­
formation is essential to success in these 
operations. 

For the vertical landing under such de­
manding tasks as recovery to a small ship 
over a range of weather conditions, a ve­
locity-command system is required to 
achieve satisfactory flying qualities. Opera­
tions from larger ships or from austere 
land-based sites can be accomplished sa­
tisfactorily with attitude or, in some cases, 
with rate-command systems. 

On the basis of the results of the simula­
tions, a program has been defined to modi­
fy the VSRA to conduct experiments to 
evaluate these contrOl-augmentation and 
display concepts in flight. First, a motion­
base simulation was performed to evalu­
ate the acceptability of a limited-authority 
control system for the VSRA that has the 
potential to create a research capability for 
in-flight evaluation of advanced VISTOL 
control and display systems as well as the 
ability to validate the results of previous 
simulations. The results of this simulation 
c;howed that the limited-authority control 

This inclinometer is based on work done 
in support of the National Transonic Facili­
ty, which has used this inclinometer or its 
prototype since 1984. In addition to its 
wind-tunnel applications, this system could 
be useful in any application involving 
steady-state, precise sensing of angles, 
such as the calibration of robotic devices 
and positioners. 

This work was done by Tom D. Finley 
of Langley Research Center. Jeff Brown 
of Virginia Governor's School, and Ryland 
Campbell of Wyle Laboratories. For further 
information, Circle 148 on the TSP Request 
Card. LAR-14247 

system will provide an acceptably capable 
system within budgetary constraints. 

The flight-research program is being 
conducted in two phases: the first phase is 
concentrating on developing a data base 
on the aircraft, and the second phase will 
include development and evaluation of the 
integrated control and display concepts for 
the terminal-area flight regime. A Phase I 
experiment has been conducted to assess fi­
delity of the simulation of tre YAY-8S Harrier 
prototype aircraft (of which the VSRA is a 
modified version) in hover by use of a pre­
cise hover task. Pilot ratings, pilot com­
ments, and task-performance measures 
established correspondence of the simu­
lated and actual YAV-8S in hover. Other 
Phase 1 experiments have gathered data 
that are being used to improve the aerody­
namic and propulsion mathematical 
models of the VSRA 

During the Phase II flight program, eval­
uations of integrated flight and propulsion 
control modes, formats of head-up dis­
plays, and guidance concepts will be con­
ducted during takeoff, transition, hover, 
and landing operations under visual and 
simulated instrument meteorological con­
ditions. Subjective assessments by pilots 
and measurements of precision of tasks 
and control-authority requirements will be 
made. Results will be used to define meth­
ods to improve the current capability for 
operation in bad weather, establish opera­
tional procedures for use of the advanced 
systems, and substantiate tentative design 
criteria obtained from analytical studies 
and simulation experiments. 

This work was done by John D. Foster, 
Ernesto Moralez, III, James A Franklin, 
and Jeffery A Schroeder of Ames Re­
search Center. Further information may 
be found in NASA TM-100029[N88-13359], 
"Integrated Control and Display Research 
for Transition and Vertical Flight on the 
NASA V/sTOL Research Aircraft (VSRA)," 

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-12215 
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~~ Ultra·High·Spectral·Resolution X·Ray/EUV Monochromator 
Multilayer Bragg-reflection coats would be combined with diffraction gratings. 

Marshall Space Flight Center, Alabama 
A proposed monochromator for soft x 

rays and extreme ultraviolet (EUV) radia­
tion would include diffraction gratings and 
mirror surfaces coated with alternating 
layers of high- and low-atomic·number ma­
terials to produce Bragg reflection (see 
figure). The instrument would have mod­
erate throughput and a very high spectral 
resolution. It would have a relatively low 
cost and could be constructed and aligned 
easily. 

The multilayer coat .on the grating would 
reflect electromagnetic radiation in a nar­
row band of wavelengths, with peak reflec­
tion at a middle wavelength that would 
meet the Bragg condition, n}.. = 20 sin8, 
where 0 is the center·to·center spacing 
of 'successive layers of the same material 
in the multilayer, 8 is the angle between 
the incident beam and the surface of the 
grating or mirror, n is an integer that 
specifies the order of the diffraction, and 
}.. is the wavelength . The grating structure 
would disperse the selected wavelength 
band into a series of diffraction orders on 
either side of the specularly reflected 
zeroth diffraction order. Where radiation in 
one of these dispersed orders struck the 
mirror, the mirror would reflect only the por­
tion of the beam, the wavelength and 
angle of incidence of which satisfied the 
Bragg condition. The desired wavelength 
could be selected by adjusting the angle 
of the grating and mirror. Typically, the 
grating and mirror would be maintained 
parallel to each other, and the angle 8 be­
tween them and the input beam would be 
adjusted by a parallelogram linkage. 

In some applications, additional slits or 
other apertures might be required to re­
ject undesired wavelength components. 
Foil filters could be used at the input to 

The Ultra-High­
Spectral-Resolution 
X-Ray/EUV Mono­
chromator would 
depend on Bragg re­
flection from multi­
layer coats and dif­
fraction by a multi­
layer-coated grating 
to select a narrow 
wavelength band from 
an input beam. 

Multilayer 
Bragg.Aefleclin 

Coats 

Input 
Polychromatic 

Beam 

limit the wavelength range accepted. 
In preparation for coating, the mirror 

and grating substrates would have to be 
made optically flat to within 1/20 wave­
length of visible light, with a root-mean­
square roughness of less than 3 A. Sur­
face roughnesses in the range 0.5 to 3 A 
could be produced by advanced flow 
polishing, float polishing, or ion polishing. 
Suitable substrate materials include silicon 
carbide, fused silica, and sapphire. 

To make a typical grating surface, 500 
to 1,500 lines per mm would be cut into 
the substrate by mechanical or holograph­
ic ruling or by anisotropic etching. Suitable 
pairs of materials for multilayer coating in­
clude rhenium/carbon, tungstenlcarbon, 
and molybdenum/silicon. A typical coat 
could consist of as few as 20 or as many 
as 1,000 layers. 

By changing the grating and mirror 
components, one could configure the 
monochromator to operate at any wave­
length from 10 to somewhat more than 
400 A. Alternatively or in addition, the in­
strument could be constructed with multi­
ple sets of gratings and mirrors arranged 

~J Telescope Would Image X and 'Y Rays 

Output 
Monochromatic 

Beam 

Multilayer 
Bragg-Rellectlng 
Coats 

like slats in a venetian blind. One grating­
and-mirror pair would cover a portion of 
that range with a wavelength ratio of about 
~ as the angle of incidence of the input 
beam varied from 30° to 60°. 

The instrument is intended for use with 
high-intensity x-ray/EUV beams now avail­
able from synchrotrons, laser plasma 
sources, free-electron lasers, wigglers, and 
the like. Its monochromatic output beam 
of accurately known wavelength would be 
very useful in the testing and calibration 
of x-ray telescopes, x-ray microscopes, 
photographic films, and photodetectors; in 
research in biological and biomedical dis­
ciplines, x-ray crystallography, the proper­
ties and processing of materials, and x­
ray lasers; and in x-ray lithography. 

This work was done by Richard B. 
Hoover of Marshall Space Right Center. 
For further information, Circle 68 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 16]. Refer 
to MFS-28500. 

The advantages of focusing optics would be made available at high photon energies. 

Marshall Space Flight Center, Alabama 
A proposed telescope would form im­

ages of sources of 'Y rays (photon energies 
from 30 to 100 keV), hard x rays (photon 

70 

energies from 3 to 30 keV), and soft x rays 
(photon energies from 0.2 to 3 keV). The 
telescope would offer the advantages of 

grazing-incidence focusing optics, which 
were previously available only at photon 
energies of less than 10 keV. The telescope 
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was conceived for use in astrophysical 
studies in outer space. With modifications, 
it could be used in terrestrial laboratory 
vacuum systems to image x or -y rays from 
pulsed plasmas, for example. 

The version of the telescope illustrated 
in the figure would include two coaxial, 
spherical, grazing-incidence reflectors. 
The reflector substrates would be made 
of sapphire. ground to within 1/20 visible­
light wavelength of the desired surface 
figures, and polished to roughnesses of 
less than 3 A root-mean-square. The 
polished surfaces of both reflectors would 
be coated with Bragg-reflecting alternating 
layers of high- and Iow-atomic-number ma­
terials (e.g., tungsten and carbon). The 
spacing of the layers would be chosen so 
that, at the wavelength or photon energy 
at which the image is to be formed, the 
peak Bragg reflection would occur at the 
design grazing angle of incidence. The sur­
face figures would be chosen according 
to the field of view and other optical re­
quirements: typically, the primary reflec­
tor would be a paraboloid, while the sec­
ondary would a hYPElrboloid. 

At photon energies less than a value 
(typically, 0.5 keY) that depends on the den­
sity of electrons in the high-atomic-number 
surface layers, the reflectors would op­
erate by conventional grazing-incidence 
reflection. This means that the telescope 
would also focus visible light, which is un-

The 'Y-Rayand/or X-Ray Telescope would contain-reflecting. grazing-incidence reflectors. One 
pair of reflectors is shown here, but multiple coaxial nested pairs could be used to form images 
simultaneously at multiple 'Y-ray or hard-x-ray photon energies or to enhance the collection area 
at a single photon energy. 

desired in the intendoo application. there­
fore, to prevent visible light from reaching 
the imaging detector at the focus, the tele­
scope would include a filter. which would 
l¥pically be made of aluminum foil 2,500 
A thick on a nickel mesh. Such a filter 
would be opaque to visible light but highly 
transmissive for extreme-ultraviolet and 
higher-energy photons. This filter could be 
mounted in a wheel along with other foil 
filters designed to isolate different portions 
of the soft x-ray spectrum. Thus, by rota­
tion of the wheel to bring one of the filters 
into the focused beam, one could select 
an image in x rays or hard -y rays (formed 
by Bragg reflection) or by soft x rays 
(formed by conventional grazing-incidence 
reflection). 

The imaging detector could be photo-

graphic film or any of a variety of arrays 
of electronic -y-ray or x-ray detectors. If 
high sensitivity and/or real-time imaging 
capability were not required, photographic 
film would ordinarily be preferred because 
of its high spatial resolution. The specific 
photographic film could be chosen from 
among the many commercially available 
x- and 'Y-ray films. 

This "WOrk was done by Richard a 
Hoover of Marshall Space flight Center. 
For further information. Circle 67 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 16]. Refer 
to MFS-28482. 

Microscope Would Image X and 'Y Rays 
High spatial and moderate spectral resolution would yield 
new information in several fields of research. nonscattering transmission of the x and 

'Y rays. The source or specimen to be im­
aged would be placed at the object plane 
')f the grazing-incidence reflectors in the 
vacuum. A specimen could be mounted 
on a translation stage for scanning. 

Marshall Space Flight Center, Alabama 

A proposed microscope would form im­
ages of sources of radiation or of irradiated 
specimens at 'Y-ray (30 to 150 key), hard­
x-ray (3 to 30 key), or soft-x-ray (0.2 to 3 
keY) photon energies. The microscope 
would collect and focus radiation to pro­
duce images with moderate spectral reso­
lution and high spatial resolution. Also, 
because it would use more of the incident 
radiation than do conventional pinhole 'Y­
ray and hard-x-ray imaging devices, the mi­
croscope would enable the use of smaller, 
cheaper, better-shielded detectors_ This 
combination of features would prOllide new 
information of unprecedented value in sev­
eral fields of research - for example, in 
probing the fine structures of pulsed plas­
mas, investigating minute variations in the 
structures of material specimens that can 
be penetrated only by hard-x or'Y rays, or 
in producing maps of distributions of radio­
isotopes in biological specimens. 

The microscope would include two c0-

axial, aspherical, Bragg-reflecting, graz­
ing-incidence reflectors. The principles of 
its design and operation would be essen­
tially the same as those of the telescope 
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described in the preceding article, "Tele­
scope Would Image X and 'Y Rays" (MFS-
28482). As in viSible-light imaging systems, 
the difference between the telescope and 
the microscope would lie mainly in the 
shapes and positions of the optical sur­
faces. In the microscope, the primary 
reflector would be a hyperboloid. while the 
secondary reflector would be an ellipsoid. 

The microscope would have to be either 
operable in a vacuum system or con­
structed to enclose a vacuum for efficient, 

This "WOrk was done by Richard B. 
HCXJt/er of Marshall Space flight Center. 
For further information, Circle 66 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 16J. Refer 
to MFS-28484. 

The 'Y-Ray and/or X-Ray Microscope would contain Bragg-refte~ting, grazing-incidence 
reflectors, a filter wheel, and a detector like those of the telescope in the preceding 
article. As in the case of the telescope, multiple nested coaxial pairs of reflectors (not 
shown here) could be used to form images simultaneously at multiple wavelengths. 

71 



~~ Two-Dimensional Acousto-Optical Spectrum Analyzer 
Spectral resolution is extended to about 105 channels. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A state·of-the-art two-dimensional 

acousto-optical spectrum analyzer proc­
esses an input radio-frequency signal in 
real time into components in any number 
of spectral channels up to about 105. The 
best prior two-dimensional acousto-optical 
spectrum analyzer was limited to about 
15,000 spectral channels. 

Figure 1 illustrates the general princi­
ple of two-dimensional acousto-optical 
spectrum analysis, in which the coarse 
spectral resolution is provided by "space­
integration" analysis in the x dimension 
and the fine resolution is provided within 
each coarse resolution cell by "time-in­
tegration" analysis along the y (orthogonal 
to x) direction. The input radio-frequency 
signal to be analyzed is launched via a 
transducer into an acousto-optical device 
along the x axis. The acousto-optical de­
vice thereby becomes a Bragg cell. Pulsed 
plane waves of light from a laser are aimed 
at the Bragg cell, which spatially modu­
lates the phases of the plane waves and 
diffracts the waves according to the pat­
tern of the acoustic signal. 

lens, which forms the spatial Fourier trans­
form of the spatial phase modulation onto 
photodetectors arrayed along the x direc­
tion. The distance of each detector along 
the x direction from the optical axis or 
other reference line is proportional to the 
frequency of a component of the signal 
being analyzed. The coarse frequency 
resolution and the useful number of detec­
tors along the x direction depend on the 
time.bandwidth product of the Bragg cell. 
In practice, the frequency resolution of this 
"space-integration" technique is typical­
ly of the order of tens of kilohertz. 

Continuous laser light could be used in 
the space-integration technique, but the 
laser is pulsed to introduce a temporal 
phase factor into the signal detected in 
each coarse-resolution channel. The fre­
quency of each such factor is the frequen­
cy of the corresponding spectral compo­
nent of the input signal aliased by the 
pulse-repetition frequency of the laser. If 
the pulse-repetition frequency is chosen 

to be twice the coarse frequency resolu­
tion, then the frequency of this temporal 
phase factor specifies the exact frequen­
cy of the spectral component within the 
given coarse frequency channel. 

With this choice, the time-integration 
technique can be used to segment each 
coarse frequency channel into fine fre­
quency channels. A signal composed of 
reference functions is launched into a sec­
ond Bragg cell along the y direction. A train 
of diffracted, spatially phase modulated, 
light beams emerges from the Bragg cell 
and is imaged onto detectors arrayed 
along the y direction in the same plane 
with the space-integrating detectors. The 
reference functions are chosen such that 
they form a sampled, temporal, linearly 
distributed local oscillator -along the y di­
rection. The product of each reference, 

Figure 1. Acousto-Optical Integrations in 
Space and Time produce the coarse and fine 
resolutions, respectively, of the spectrum of 
the input signal. 
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~ GOUL 
Electronics 

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

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

o Capture and record up to eight 
channels simultaneously 

o Record off-ground measurements 
with isolated or differential inputs 

o Capture and record single shot 
events with 50 nanosecond 
resolution 

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

or the complete memory 

All this in a single, portable package. 

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

NTB 9191 
Yes! 
I want a free Gould Guide to DSOIDROs diskette. 
(please pnnt) 

NAME: _______________ _ 

TITLE: _____________ __ _ 

COMPANY: ____________ __ _ 
STREET: _______________ _ 

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

Send to: Gould, Inc., Test and Measurement Group. 8333 Rockside Rd., 
Valley Vifm, Ohio, 44125 or call (216) 328·7000. FAX: (216) 328-7400. 
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function line with the space-integrated 
spectral peaks is then formed on a two­
dimensional (x and y) array of photodetec­
tors that implements the x and y arrays 
mentioned separately above. The array 
then forms the sum (in effect, the integral 
over time) of these products over a se­
quence of reference functions. After this, 
the intensity within each coarse frequency­
resolution channel is no longer uniform 
along the y direction, but time-integrated 
peaks appear at the locations along the 
y direction where the aliased component 
frequencies of the signal match the sam­
pled temporal frequency of the distributed 
local oscillator. The location of the time­
integrated spectral peaks along each 
coarse frequency ridge is thus proportional 
to the relative fine frequencies of the spec­
tral components thus represented. The 
width of each time-integrated peak, which 
is inversely proportional to the number of 
the reference-function lines over which the 
time integration is taken, determines the 
fine frequency resolution of the system. 

Figure 2 illustrates the preferred, sep­
arate-optical-path method for combining 
the space- and time-integration functions 
into a single apparatus (an alternative 
common-path method entails additional 

Pulsed 
La ..... 

Acouslo{)pllcal CellI 

Inpul Signal 
To Be Analyzed 

technical difficulties and complications). 
In this method, the input-signal and refer­
ence-function Bragg cells are in two differ­
ent arms of a Mach-Zehnder interferom­
eter, and the amplitudes of the space- and 
time-integrated beams are added in a 
beam splitter before the beams are pro­
jected onto the array of charge-coupled 
devices. The products of the amplitudes 

Figure 2. Space and 
Time Integrations 
are combined by plac­
ing the two acousto­
optical cells in differ­
ent arms of a Mach­
Zehnder interferom­
eter. 

are formed on the charge-coupled devices 
by square-law detection. 

This 'NOrk was done by Homayoon 
Ansari and James R. Lesh of Caltech and 
Brian Metscher of the University of Califor­
nia at Irvine for NASA's Jet Propulsion 
Laboratory. For further information, Cir­
cle 60 on the TSP Request Card. 
NPO-18092 

~JColiectors of Airborne and Spaceborne Particles 
Simple units go directly into optical, electron, or x-ray analysis equipment. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
Brushlike collectors capture samples of 

dust and other particles in space vacuum 
or air for optical, scanning-electron-micro­
scope, and/or x-ray analysis. The collec­
tors gently decelerate the particles without 
damaging them, minimizing the tendency 
of some particles to rebound. Depending 
on the design of a specific collector of this 
type, it can capture particles ranging up­
ward in size from fractions of a micrometer 
to a few micrometers. 

A collector of this type resembles a 
stubby, round brush. It consists of an ar­
ray of fibers embedded in a matrix. In a 
typical application, the collector would be 
oriented with the fibers parallel to the di­
rection of the impinging particles (see fig­
ure). The free ends of the fibers can be 
tapered to facilitate the entry of the par­
ticles into the interstices of the array. As 
particles arrive, they are accepted and re­
tained. The fibers can be clustered loose­
ly or tightly to suit the expected sizes and 
rebound properties of the particles. 

A collector of this type can be fabricated 
by embedding parallel fibers in the matrix 
material, then etching the matrix away to 
the desired depth with an oxygen plasma 
to expose the ends of the fibers, leaving 
enough of the matrix material to form a 
supporting base. The oxygen plasma can 
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Flow of Air With 
Entrained Particles 

1·:- \··.· 1: 

Support ing 
Matrix 

Captured 
Particles 

Cluster 
of Fibers 

Particles Flow Into a Brushlike Array of 
fibers with the airstream. The fibers trap 
particles for subsequent analysis. 

also be used to thin and taper the ends 
of the fibers as necessary. 

After samples have been captured, the 
collector serves as a holder for analyzing 
them. Viewed on end, the fibers appear 

black and thus provide a contrasting back­
ground for microscopic inspection. The 
known sizes and spacing of the fibers pro­
vide a reference scale for determining the 
sizes of the captured particles. A reference 
grid can also be etched into the array. 

The fibers can be made of carbon, a 
low-atomic-number material. This improves 
contrast in scanning electron microscopy 
(by minimizing backscatter and secondary 
electrons) and in x-ray analysis (by mini­
mizing x-ray background). The fibers are 
electrically conductive, and it should not 
be necessary to apply conductive coats 
to the captured particles. The fibers are 
also good thermal conductors and should 
readily dissipate heat generated by im­
pacts of particles. 

Unlike collectors of other types, the car­
bon-fiber units are not ordinarily coated 
with sticky materials, which may not en­
dure well under some collection condi­
tions. Furthermore, particles in fiber col­
lector are fixed and do not sink below the 
surface as they do in a viscous adhesive. 

This 'NOrk was done by Robert E. Frazer 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Cir­
cle 58 on the TSP Request Card. 
NPO-18183 
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You don't need to wait hours to Our data compression option allows 
change tapes. AllJant DEC 3100 IBMS136 

You don't need to wait months for Alpha Mfcro DEC H5C IBM AS/400 

you to write up to 10GB per tape at up 
""nee 
Plexus to 60 MB per minute. Completely 

other storage technologies to catch up.:~ g~~~A81 ~~ntOSh 
One 8 rnrn tape drive will already AliI DEC Unibus Novell 

Pnme unattended. = Of course, the data compression 
deliver more than they promise. ~:I&ent ~ ~ ~~~ 

It's the digital CY-8200, nowwith Data General IBM RT PCXenlJIUlliX 

Sun feature is switch -selectable, so you can =s tum off data compression to read and 
write standard 8rnrn tapes. optional data compression. And you andmore... 

can get itexdusively from ContemporaryCybemetics Group. 
With data compression the CY-8200 can quadruple 

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

shipping are multi­
plied by four. 

Until now, the 
best 8rnrn drive on 
the market stored 
an impressive 
2.5 GB per tape at 

speeds up to 15 MB 
per minute. 

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

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

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

The CY-8200 with data compression will remain the 
best value in data storage for a long time to come. So 
now you've got many good reasons for calling us today 
at (804) 873-0900 P 0 A A A Y 
and no good reason 
for waiting. 

Rock Landing Corporate Center ·11846 Rock Landing· Newport News, Vintinia 23606 • Phone (804) 873-0900 • FAX 
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Algorithm Computes Hypersonic Flow of Air 
Nonequilibrium thermochemical effects are taken into account. 

Ames Research Center, Moffett Field, California 

M algorithm simulates the three-dimen­
sional hypersonic flow of air or another mix­
ture of gases around a blunt body. It ac­
counts for nonequilibrium thermochemical 
effects via a twcrtemperature mathematical 
model of molecular excitations and equa­
tions for finite-mte chemical reactions. These 
equations are fully coupled to the fluid dy­
namical equations. 

The mathematical derivation of the al­
gorithm begins, as is customary, with the 
Navier-5tokes equations for the flow of a 
viscous, incompressible fluid. These equa­
tions are put in conservation-law form, then 
transformed into generalized coordinates 
that conform to the body at its surface. The 
resulting intermediate set of equations rep­
resent the conservation of the masses of 
the various chemical species, the conser­
vation of total mass, the conservation of 
momentum, the total thermochemical en­
ergy density, and the molecular-vibrational 
component of the thermochemical energy 
denSity. The latter two equations represent 
the two-temperature model, in which the 
following are assumed: (1) the translational 
and rotational components of molecular 
kinetic energy equilibrate immediately, so 

that they are represented by a single transla­
tional temperature, T; and (2) a single vibra­
tional temperature, Tv ' characterizes the vi­
brational state of all polyatomic species 
present and equals the temperature of all 
electrons. 

The vibrational component of heat con­
duction is incorporated via a mathematical 
model for the rate of exchange of energy 
between the vibrational and translational 
modes. The diffusion of chemical species 
is apprOXimated by a combination of binary­
diffusion models. Customary models for vis­
cosity and the translational/rotational com­
ponent of heat conduction are also includ­
ed. The finite-rate equations represent the 
following chemical reactions: 

N2+M ~ 2N+M 
02+M ~ 20+M 
NO+M ~ O+N+M 
NO+O ~ N+02 
O+N2 ~ N+NO 
N+O ~ NO+ +e-

where M can be any of the other species 
shown. The algorithm incorporates assump­
tions about the dependencies of the forward 

VME bus 

Computation 

These Interferograms show the density 
fringes in a flow of dissociating nitrogen 
across a circular cylinder at a speed of 
5_59 km/s. The upper fringe pattern was 
observed in an experiment. The lower 
fringe pattern is computed from a flow 
simulated by the algorithm. 

and reverse reactions upon T and fv. The 
finite-rate equations for these reactions are 
solved simultaneously with the global con-
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servation-law equations. WHhout some kind 
of simplifying approximation, the resulting 
set of equations would be too large to be 
solvable on any but the most advanced su­
percomputers. Here, the size of the problem 
is reduced I:¥ use of an underrelaJCatioo c:orn­
putational process that limits the rate at 
which the gas can be computed to disso­
ciate and ionize and prevents wild SWings 
in mass fractions and temperatures. The 
gas is computed to relax gradually and 
stably to its steady·state compositions and 

temperatures. The simulation is not time­
accurate, but H achieves the proper steady 
state. 

The algorithm has been tested by com­
parison of its predictlonswfth those of other 
algorithms and with measurements. It has 
been found to compute hypersonic flows 
accurately (see figure). The benefits of the 
explicit formulation are particularly evident 
where the complexity of the body requires 
the use of patched coordinate grids_ 

This work was done by Grant Palmer of 

Ames Research Center. Further informa­
tion may be found in AIM paper 89A-43217, 
"The Development of an Explicit Thermo­
chemical Nonequilibrium AJgorithm and Its 
Application to Compute Three Dimensional 
AFE Flowfields." 

Copies may be purchased {prepayment 
required] from AIM Technical Information 
Service Ubrary. 555 ~st 57th Street, New 
York, New York 10019, Telephone No. (212) 
247-6500. 
ARG-12623 

Correlating DSC and X-Ray Measurements of Crystallinity 
The degree of crystallinity is roughly proportional to the heat of fusion_ 

NASA's Jet Propulsion Laboratory, Pasadena, California 
An experiment has demonstrated that 

there is an approximate linear correlation 
between the degree of crystallinity of a 
multiphase polymer (as calculated from x­
ray diffraction measurements) and the 
heat of fusion of the polymer [as calculated 
from differential scanning calorimetry 
(DSC) measurements]. This correlation is 
the basis of a simple new technique for 
estimating the degree of crystallinity of 
specimens of the polymer from DSC 
measurements alone. 

The experiment was performed with 
specimens of polyvlnylidene fluoride 
(PVDF), the microstructure of which con-

sists of interspersed regions of an amor­
phous phase and two crystalline phases 
(a and fJ). PVDF was selected for study 
because its piezoelectric and pyroelectric 
properties make it an important material 
for use in sensors, because its dielectric 
properties make it an important material 
for use in capacitors, and because these 
properties depend on microstructural 
characteristics and crystallinity. 

Each specimen of PVDF was placed in 
an x-ray diffractometer and rotated (to 
average out orientational effects) while it 
was exposed to Cu Ka x-rays. The raw 
scattering pattern (intensity vs. angle) of 

each semicrystalline specimen, was re­
corded, then normalized with respect to 
the thickness of the specimen and cor­
rected for air scatter, LDrentz polarization, 
background counts, and incoherent scat­
ter. Next, each specimen was heated on 
the diffractometer to 168°C (almost the 
melting temperature for most specimens) 
to eliminate the crystalline phases and 0b­
tain a scattering pattern for the amorphous 
phase. After normalization and correction, 
this pattern was subtracted from the pat­
tern from the semicrystalline condition to 
obtain the crystalline component of the 
scattering pattern. 
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From previous studies, it is known that 
the integral, over all angles, of the nor­
malized and corrected intensity of scatter­
ing from one of the phases is proportional 
to the amount of that phase in the speci­
men. In this case, the constants of propor­
tionality were obtained by calculating a 
linear regression between the integrated 
a-phase and integrated amorphous-phase 
intensities of different specimens and a 
similar regression for the fJ and amorphous 
phases. The resulting constants of propor­
tionality were applied to the integrated 
scattering intensities of the specimens to 
obtain the fractions of a, fJ, and amorphous 
phases. The degree of crystallinity of each 
specimen was then calculated as the sum 
of fractions of the a and {3 phases. 

The heat of fusion of each specimen 
was calculated by integrating to obtain the 
area under the endothermic portion of its 
DSC curve. The figure illustrates the cor­
relation between the calculated degree of 
crystallinity and the calculated heat of fu­
sion. In applying the new technique to 
other specimens of PVDF or another poly­
mer, one would first calibrate by taking x­
ray diffraction and DSC data to obtain a 
correlation like this one. Thereafter, one 
would estimate the degree of crystallinity 
of new specimens from DSC measure­
ments alone by use of the proportionality 
indicated by this correlation. 
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The Degrees of Crystallinity of specimens 
of PVDF (as determined via x-ray diffrac­
tion) are correlated with their heats of 
fusion (as determined via differential 
scanning calorimetry). 

This work was done by Shiao-Ping S. 
Yen, Lynn E. Lnwry, and Clyde P. Bankston 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Cir­
cle 8 on the TSP Request Card. 
NPO-179S8 

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 I nformation Service 

Geographical Variations in 
Measured Lightning Fields 

Features of local terrain 
affect electric fields_ 

A brief report describes a continuing 
program of measurements to determine 
variations, caused by the local terrain, in 
the vertical electric fields radiated by dis­
tant lightning. The lightning electromagnet­
ic field can be increased or decreased with 
respect to a nominal value, depending on 
the slope of the local terrain, the extent of 
local vegetation, and the distances, s~zes , 

and shapes of nearby structures. 
The study involves comparisons of 

measurements of the same lightning 
strokes taken at different sites. Each site is 
equipped with, among other things, a flat­
plate antenna - essentially, a large 
parallel-plate capacitor that responds to 
frequencies up to a few MHz. The antenna 
at each site is mounted on the ground be­
cause in that position its gain is well defined 
and is simply proportional to its area. 

Get up to 1 GHz Total Video Rate ... Special Offer From NASA Tech Briefs 
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To ootain meaningful comparisons, it is 
necessary to take measurements for '¥\'hich 
the nominal vertical electric fields are 
equal at the sites being compared. The 
simplest way to assure this condition is to 
consider data from only those lightning 
strokes that occur at distances from the 
sites much greater than the distances be­
tween the sites. The distances and/or loca­
tions of the lightning strokes can be de­
termined by an existing lightning-locating 
network. Alternatively, if the lightning is not 
detected by the network, then the distanc­
es to the nearest clouds capable of pro­
ducing lightning can be assumed to be the 
applicable distances and can determined 
by radar and/or satellite remote sensing. 

This work was done by Launa Maler of 
Kennedy Space Center. To obtain a copy 
of the report, "Measurement of Electro­
magnetic Enhancement Due to Sfte Non­
uniformities," Circle 41 on the TSP Request 
Card. KSC-11449 

Azimuthal Anisotropy 
in Radar Backscatter 
From the Ocean 

Minima are offset from the 
nominal crosswind directions. 

A report describes an experimental and 
theoretical study of the azimuthal anisotro­
py in radar backscatter from the surface 
of the ocean. An important oojective of this 
and related studies is to enhance the abili­
ty to sense the speed and direction of the 
surface wind remotely by use of airborne 
or spaceborne radar. 

The essence of this kind of remote sen­
Sing is to synthesize knowledge of the rela­
tionship between wind and waves with 
knowledge of the radar backsca1tering prq> 
erties of waves and thereby ootaina tech­
nique to infer wind data from radar back­
scattering data. Often, researchers in this 
field mathematically model the backseat­
tering cross section by a simple Fourier 
series; e.g., 110 = Ao+A1 cos(8)+~ cos(2IJ), 
'¥\'here 9 is the azimuthal angle (that is, the 
ground-track angle) between the radar 
beam and the wind, and .40, Al , and A2 
are coefficients that depend on the speed 
of the wind, the angle of incidence of the 
radar beam, and the polarization of the 
radar beam. 

In at least partial agreement with experi­
mental data, this and similar models show 
a maximum cross section in the upwind 
direction (9 = 0°), another maximum in 
the downwind direction (9 = 180°), and 
minimums near the crosswind directions 
(9 ==90° or 270°). Al and~ characterize 
the upldown-wind anisotropy and the depth 
of the crosswind anisotropy, respectively. 
The offset between the directions of each 
minimum and the nearby crosswind direc­
tion increases as A1/A2 increases. 

NASA Tech Briefs, September 1991 

In the experimental part of this study, 
the surface of the ocean was scanned azi­
muthally by an airborne radar at a frequen­
cy of 14.6 GHz. Backscattering cross sec­
tions in horizontal and vertical polarizations 
were measured as functions of 9 at various 
angles of incidence. The backscattering 
data were initially fitted with a sifTl)le Fourier 
series to ootain rough estimates of the 
azimuthal locations of the extrema of uo' 
Data within 45° of these estimated loca­
tions were then fitted with second-order 
polynomials. and from these polynomial 
fits new locations of the extrema were de­
termined. This process was repeated five 
times to refine the estimate for each ex­
tremum. 

To provide a physical basis for analysis 
of the locations of the extrema, the radar­
backseattering properties of ocean waves 
were computed via a two-scale mathema­
tical model, in which the height of the sur­
face of the ocean is divided into a large­
scale and a small-scale component, the 
scattering from the large-scale component 
is quasi-specular, and the scattering from 
the small-scale component is more like 
Bragg scattering. In this case, the small­
scale component dominated. 

For horizontal polarization, the mini­
mums in the experimental cross sections 
were found to be significantly offset from 
the crosswind directions tcM'ards the d0wn­
wind direction. These offsets were sub­
stantially smaller for vertical polarization. 
The offsets predicted by the two-scale 
model for horizontal and vertical polariza­
tions were found to agree, at least qualita­
tively, with the experimental offsets. 

This work was done by F. K U, G. 
Neumann, S. J. Shaffer, and S. L Durden 
of Caltech for NASA's Jet Propulsion 
Laboratory To obtain a copy of the report, 
"Studles of the i.DCatlon of Azimuth 
Modulation Minima for Ku-Band Ocean 
Radar Backscatter," Circle 1 on the TSP 
Request Card. 
NPO-17422 

Radar Backscatter 
From the Ocean 
at Low Windspeeds 

Radar scatterometry 
can be used to sense 
winds as slow as 2 m/s. 

A report describes an experimental study 
of radar backscattering from ocean waves 
generated by winds of 2 to 4 rrVs. This study 
is part of a continuing effort to develop ra­
dar scatterometry into a technique for the 
remote sensing of ocean-surface winds. 
In this case. the emphasis is upon back­
scattering at windspeeds previously 
thought to be at or below the lower limit 
of scatterometric detectability. 

In the experiments, an airborne radar 

at a frequency of 14.6 GHz was used to 
make azimuthal scans of the surface of 
the ocean at angles of incidence from 20 0 

to 30°. Backscattering cross sections in 
horizontal and vertical polarizations were 
measured during these scans. Simultane­
ously, winds near the surface, air and water 
temperatures, and humidities were meas­
ured by recording instruments mounted on 
buoys in the scanned area. 

The data accumulated from these meas­
urements were analyzed and compared 
with the predictions of mathematical 
models in which scattering cross sections 
are represented variously as functions of 
the azimuthal angle between the ground 
track of the radar beam and of the wind, 
the angle of incidence of the radar beam, 
the radar polarization, the speed of the 
wind, and/or other parameters. Particular 
attention was paid to two models: a power­
law model, called "SASS-1," which was de­
vised for the analysis of data from the 
SEASAT scatterometer; a similar model 
called the Wentz model; and the Donelan 
and Pierson (DIP) model, which predicts 
that backscatter cross sections fall off so 
precipitously as speeds decrease below 
2 to 3 mis that in this speed range scat­
terometry is prOOably useless for the meas­
urement of winds. 

This analysis showed that the backscat­
tering cross section in the horizontal polar­
ization decreases more steeply with a de­
crease in speed than it is predicted to do 
by the SASS-1 and ~ models but much 
less steeply than predicted by the DIP 
model. In the vertical polarization, the cor­
responding data were found to agree more 
closely with the SASS-1 model, and the 
rate of falloff with decreasing speed was 
again found to be much less than in the 
DIP model. It was found that the ratio be­
tween the backscattering cross sections 
of the upwind and crosswind azimuths 
was greater than predicted by the models. 
Overall, it was concluded that because the 
cross sections do not falloff as precipitous­
ly as they do in the relatively pessimistic 
DIP model, radar scatterometry remains 
a viable technique for the measurement 
of ocean-surface winds at speeds down 
to 3 (or possibly as low as 2) mis and 
angles of incidence up to 3O~ Further ex­
perimentation will be needed to refine the 
mathematical model used to infer wind 
data from scatterometric data. 

This work was done by Fuk K. U and 
Gregory Neumann of Galtech and Robert 
A Weller of \>\bods Hole Oceanographic 
Institution for NASA's Jet Propulsion 
Laboratory To obtain a CO(Jf of the report, 
"Observation of Ocean Ku-Band Radar 
Cross Section at lJJw Wind Speed During 
FASINEX," Circle 165 on the TSP Request 
Card. 
NPQ-18036 
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Superliber for Strong, Light Fabrics 
Polyolefin fiber resists chemicals and abrasion. 

Lyndon B. Johnson Space Center, Houston, Texas 

A new ultrahigh'molecular-weight fiber 
offers major advantages as a fabric for 
space suits, diving suits, sporting goods, 
sails, and ultralight aircraft. The polyolefin 
fiber has an extremely high modulus of 
elasticity, low elongation, high specific 
strength, low specific gravity, resistance 
to chemicals, low moisture absorption, and 
high resistance to damage by flexure and 
abrasion. 

The fiber is available in a variety of 
weave patterns, including plain, herring­
bone and other twill, and basket-weave pat­
terns (see figure). Besides plain fabric, the 
fiber is available as plain braided cord, 
braided cord woven into link nets, flat 
woven tape, and webbing. Its high strength 
per unit weight - higher than that of any 
other polymeric fiber - allows space 
suits, diving suits, or balloons to be pres­
surized to 8.3 Ib/in.2 (57 kPa). Its light 
weight gives wearers greater mobility. 

The new fiber consists of elongated, 
highly aligned, highly crystalline polyethy­
lene molecules. This structure not only re­
sults in a high strength-te-weight ratio but 
also gives high resistance to tearing and 
ripping. 

In comparison with Kevlar (or equivalent) 
aromatic polyamid fiber - until now, a ma­
terial of choice in high-strength applica­
tions - the new material can be made in­
to 40 percent more fiber per pound and 
has 7 to 20 times the resistance to abra­
sion. Moreover, because its coefficient of 
friction is low, little heat is generated dur­
ing abrasion. 

Chemically, the new material is nearly 
inert. It is hardly affected by either alkaline 
or acidic compounds. When exposed to 
a broad range of chemicals for a period 
of 6 months, the fibers retained all their 
original strength in almost every instance. 
In addition, because water molecules can­
not attach themselves to the polymer 
chains, the material absorbs little moisture 
and remains lightweight under wet or 
humid conditions. 

•••••••••••••••••••• 
•••••••••••••••••••• 
•••••••••••••••••••• 
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Plain Weave --. . -. ----~ --.-.-.-- --------.--:-:-:-:-:: --.-------- ----:----. - ---:-:-:-:-.- - - ---­---.---- -
Two Ends Plain 

Two Up, 
Two Down Twill 

Three Up, 
One Down Twill 

Herri ngbone Twill 

Two Up, 
One Down Twill 

This work was done f:tt Frederic S. Dawn 
and Joseph J. Kosmo of Johnson Space 
Center. For further information, Circle 140 
on the TSP Request card. MSC-21659 

Fibers Can Be Woven in many patterns, a few of which appear here. The fabrics offer 
a combination of desirable properties not found in nylon, polyester, or aramid fabrics. 
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Inco Alloys International offers 
a range of high-temperature 
alloys that do more than just take 
the heat. In addition to high­
temperature strength, these 
products provide resistance to 
oxidation, sulfidation, carburi­
zation and nitriding; resistance 
to molten salts and other cor­
rosives; and the proven long­
term performance which can 
double the life of expensive 
equipment and parts. 

The INCONEL, INCOLOY, 
and INCO alloys shown in the 
chart are on the job today in 
every kind of hot, tough appli­
cation - heat treating, aerospace, 
petrochemical processing, waste 
incineration, power generation. 
With such a broad range of 
high-temperature products, 
we can provide an alloy to meet 
your specific performance 
needs - in rod, bar, plate, sheet, 
strip, section, pipe, tubing, 

D Good D Better D Best 

wire, and our complete line of 
companion welding products. 

All of these alloys are easily 
fabricated, offering high ductility 
and weldability. All are traceable 
from quality-controlled raw 
materials to quality-controlled 
wrought forms. And all are avail­
able from a single melting source 
- Inco Alloys International, the 
world's leading producer of 
high-performance alloys - direct 
or through a nationwide net­
work of distributors. 

Send for more information. 
Write Inco Alloys International, 
Inc., Huntington, WV 25720. 
Or, for faster results, FAX us at 
(304) 526-5441. 
I co El. I 'COLOY. 8OOHl; and INCO are 
trademarks of the Inca family of companIes . 

IncoAlloys InremanorW distributors Ill . 'orth America ' 
Cutk ~ ... ili. M<UI Goods. Tubeales. WilIWm &. Co. 
Atbs Alloys and Drummond McCall. Inc. 
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~J LaRC·RP41: a Tough, High·Performance Composite Matrix 
A new polymer exhibits increased toughness and resistance to microcracking. 

Langley Research Center, Hampton, Virginia 
Recently, work has been done on the 

interpenetrating-polyimide-network (IPN) 
approach to developing tough, microcrack­
ing-resistant, high-temperature matrix resins 
for use in aircraft and aerospace structural 
components. One such polymer was desig­
nated LaRG-RP40. This simultaneous semi­
IPN was prepared from easy-ta-process, 
but brittle, cross-linking PMR-15® and 
tough, but difficult-ta-process, linear NR-
150B2®. Both of these raw materials are 
commercially available. The combination 
exhibited significant improvements in tough­
ness, resistance to microcracking, and 
glass-transition temperature over those of 
PMR-15. These results encouraged further 
exploration of this approach for the devel­
opment of a wider range of polymers of 
basic technological and economic interest. 

imidization and linear chain extension. This 
synthesis is shown in the figure. LaRC­
RP41 was prepared and tested both in neat 
form and as the matrix of a composite rein­
forced with graphite fibers. Neat and com­
posite specimens of PMR-15 and LaRG­
TPI were similarly prepared and tested. 

In comparison with PMR-15, LaRC-RP41 
showed significantly improved toughness 
and resistance to microcracking. However, 
the glass-transition temperature and me­
chanical performance at elevated temper­
ature were substantially lower than those 
of PMR-15. The LaRG-TPI phase acts as 
an effective plasticizer, rather than as a 
reinforcement, and it controls the tough­
ness, microcracking behavior, and elevat­
ed-temperature mechanical performance 
of LaRG-RP41. 

LaRG-RP41 exhibited apparent twophase 
microstructure. The stability of the phases 
was affected by time and temperature in 
service as well as by the presence of 
graphite fibers. Thus, any efforts based on 
the exploitation of relationships between 

properties and microstructure to develop 
high-performance semi-lPN's must take in­
to account the stability of the phases of 
a semi-IPN. 

LaRC-RP41 has potential as a high-tem­
perature matrix resin, adhesive, and mold­
ing resin. Applications could include auta­
mobiles, electronics, aircraft, and aerospace 
structures. 

This work was done by Ruth H. Pater, 
Norman J. Johnston, Ricky E. Smith, and 
John J. Snoha of Langley Research Cen· 
ter. Carol R. Gautreaux of Analytical Ser­
vices and Materials, Inc., and Rakasi M. 
Reddy of Old Dominion University. For fur­
ther information, Circle 158 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, Langley Research Center [see 
page 16]. Refer to LAR-14338. 

In an experiment, cross-linking PMR-15 
and linear LaRG-TPI were combined to pra­
vide a new, sequential semi-2-IPN desig­
nated as LaRG-RP41 . LaRG-RP41 was syn­
thesized from PMR-15 imide prepolymer 
undergoing cross-linking in the immediate 
presence of laReW I polyamic acid, 
which was also undergoing simultaneous Synthesis of Seml·lnterpenetratlng Polylmlde is demonstrated in the preparation of 
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LaRC·RP41. 

YOUR 
GUIDE To 
ADVANCED 
SPECIALTY 
I NORGANICS 

CERAC's new Advanced Specialty Inorganic catalog contains 
the largest selection of less-common inorganics in the world. 
Revised and expanded for 1991 , this catalog includes: 
• New CIP·10TV Materials - High purity materials for high 

tech applications. 
• Fine and coarse powders, granules and pieces 
• Sputtering Targets • Evaporation Materials 
• Rods • Crucibles and hearth liners 
All items are available in bulk quantities at substantial 
savings. Custom syntheses are available for inorganics not 
listed. Contact CERAC for your free copy. 

8ERAG:Ora,ed 
P.o. Box 1178 · Milwaukee, Wisconsin 53201 

Phone: 414-289-9800 · Fax: 414-289-9805 · Telex: RCA 286122 
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Controlled Temperature Gradient Improves Freezing Alloy 
Better microstructure increases fatigue life. 

Marshall Space Flight Center, Alabama 
A controlled gradient of temperature in 

the advancing zone of solidification in· 
creases the fatigue life of a directionally 
solidified nickel-base superalloy. The im­
proved solidification process eliminates, 
reduces, or controls the microstructure of 
deleterious brittle phases, including car­
bides and y/y' eutectic. The improved proc­
ess also reduces microsegregation and 
makes discrete carbides (If present) be­
come fine and blocky. 

Unlike a pure metal, an alioy melts and 
freezes over a range of temperatures 
rather than at a single temperature: it is 
completely molten above the liquidus tem­
perature, completely frozen below the sol· 
idus temperature, and consists of liquid (of 
one composition) between dendritic solid 
regions (of another composition) at inter­
mediate temperatures. The gradient of 
temperature through the advancing Iiq· 
uidlsolid zone in a directionally solidifying 
specimen of alloy affects the final, solidi· 
fied microstructure by influencing the 
width of the solidlliquid zone and the time 
spent solidifying. 

In the improved process, the spatial and 
temporal distribution of temperature be­
tween the advancing liquidus and solidus 
surfaces is tailored as follows: Below the 
liquidus temperature, the gradient of tem· 
perature is kept small and caused to make 
a transition to a temperature plateau in the 
liquid/solid zone. After the plateau, the gra· 
dient of temperature is large and remains 
so during the remainder of solidification 
(see figure). 

The fatigue life of MAR·M246{Hf) alloy 
solidified in the improved process is in­
creased by a factor of 1010 10D over that of 
the same alloy produced by more-conven· 
tional high·temperature-gradient direction-

Temperature 

PoSition 

When the Temperature as a Function of Po­
sition along a directionally solidifying spee· 
imen of alloy looks something like this, the 
resulting solidified microstructure favors in· 
creased fatigue life. The combination of dif­
ferent thermal gradients that yields the best 
mechanical properties must be determined 
by experimental studies. 

NASA Tech Briefs, September 1991 

al solidification. The use of controlled 
temperature gradients is also expected to 
improve the properties of other alloys, of 
both directionally-solidified poIycrystalline 
and single-crystal forms. 

This work was done by DeOOrah Schmidt, 
Wendy S. Alter, and William D. Hamilton of 
Marshall Space Right Center. For fur-

ther information, Qrcle 53 on the TSP Re­
quest Card. 

Inquiries concerning rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 16]. Refer to 
MFS-28314. 
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~~ Manufacturing Ethyl Acetate From Fermentation Ethanol 
A conceptual process would use a dilute product of fermentation instead of concentrated ethanol. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A proposed process would synthesize 

ethyl acetate from low-concentration (4 to 
6 weight percent) fermentation ethanol. 
Ethyl acetate, a widely used solvent, is cur­
rently made from costly distilled ethanol 
(93 weight percent). The new process \',()U1d 
consume less energy - 1,600 to 2,000 
Btu per pound (3.7 to 4.7 MJ per kilogram) 
versus more than 3,000 Btu per pound fJ 
MJ per kilogram) of ethyl acetate for the 
current process. 

In the proposed new process, a vacuum 
would continuously remove a mixture of 
ethanol and water vapors from a fermen­
tor maintained at a temperature of 33°C 
and atmospheric pressure (see figure). 
Acetic acid would be added to the ethanol 
and water vapor, and the combined stream 
would be fed to a catalytic reactor, where 
ethyl acetate would be synthesized. The 
reaction would proceed in the vapor phase 
at a temperature of 150 °C and a pressure 
of 1 atm (0.1 MPa) with zirconium oxide 
or silica gel as catalyst. 

The gaseous product from the reactor 
would be cooled to 100 °C to remove ex­
cess water and unconverted acetic acid. 

Aceilc Acid 

100 -C 

'----. Wllt. 

Low-Concentration Ethanol, extracted by vacuum from a fermentation tank, and acetic acid 
would constitute the feedstock for a catalytic reaction. The product of the reaction would go through 
steps that would increase the ethyl acetate content to 93 percent by weight. To conserve energy, 
heat exchangers would recycle waste heat to preheat the process streams at various points. 

Azeotropic distillation at 71°C would pro­
duce a solution of 83 percent ethyl acetate, 
9 percent ethanol, and 8 percent water by 
weight. This distillation \',()U1d recc:Ner much 
of the unconverted ethanol, which would 
be recycled into the ethanollwater-vaporl 

acetic acid stream going to the catalytic 
reactor. A final decantation would yield a 
commercial grade product composed of 
93 percent ethyl acetate, 5 percent 
ethanol, and 2 percent water by weight. 

Two alternative schemes for using fer-

ANNOONCING: A ,.OOGB FORMABLE 
INSOLA,.ION ,.BA,. CAN GO ,.0 BELL ... 

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

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

Rigid, lightweight, 
resists damage. 
Pyropel's three-dimensionally reinforced struc­
ture provides exceptional rigidity and strength. 
It is extremely lightweight, with densities as 
low as 12 Ibs/ft3 and in thicknesses from 0.063 
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to 0.38 inches. Pyropel makes an excellent 
core material where thermal insulation and/or 
acoustic dampening are required. It can be 
bonded easily with thermoplastic adhesives 
and is chemically inert to acids and solvents. 

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

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

PYROPEc 
structural insulation 
A product of Albany International, Inc. 
777 West Street 
P.O. Box 9114 
Mansfield, MA 02048 
508/339-7300 

Circle Rude, Action No. 603 
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mentation ethanol directly were consid­
ered; calculations showed that both 'NOUld 
be less energy-€fficient than the proposed 
vacuum-€xtraction scheme would be. In 
one of these schemes, carbon dioxide 
stripping 'NOUld be used to remove ethanol 
from the fermentor; this scheme would 

consume over 2,200 Btu per pound (5.1 
MJ per kilogram) of ethyl acetate. In the 
other scheme, ethanol would be distilled 
directly from the product of the fermentor 
and used to synthesize ethyl acetate; this 
scheme would consume about 2,800 Btu 
per pound (6.5 MJ per kilogram) of ethyl 

acetate. 
This work was done by Naresh K. 

Rohatgi and John Q Ingham of Caltech for 
NASA's Jet Propulsion Laboratory. For 
further information, Circle 4 on the TSP Re­
quest Card. 
NPD-17923 

New Polyimide Has Many Uses 
Low-toxicity and low-mutagenicity monomer is the key to a new high-performance polyimide. 

Langley Research Center, Hampton, Virginia 

High·performance polyimide adhesives 
are used in the aerospace industry; for ex­
ample, in joining metals to metals or metals 
to composite structures. In addition, they 
are rapidly being put to new uses as matrix 
resins for composites, molding powders, 
and films. These materials display anum· 
ber of high-performance characteristics; 
for example, resistance to high tempera· 
tures and to solvents, improved flow for bet· 
ter wetting and bonding, high modulus of 
elasticity, and resistance to chemicals and 
hot water. One area of application Is the 
manufacture of lighter and stronger aircraft 
and spacecraft structures. 

LaRC-TPI is a thermoplastic polyimide 
well known as a high·performance materi· 
al. Its structure is derived from 3,3',,4,4'· 
benzophenonetetracarboxylic dianhydride 
(BTOA) and 3,3'-diaminobenzophenone 
(3,3'-OABP), and it is prepared in 2-meth­
oxyethyl ether (diglyme). Invented at NASA 
Langley Research Center, it is now a com· 
mercially available product. However, the 
commercialization of the 3,3'-OABP com­
ponent of LaRC-TPI has not occurred in the 
United States because it has been shown 
to be a mutagen. Therefore, only experi­
mental samples of this chemical can be 
purchased in this country for research pur­
poses. 

A new polyimide, identified as LaRC-IA, 
exhibits flow and adhesive properties simi­
lar to those of LaRCrPI. This oovel polymer 
Is prepared from the low-toxicity, commer­
cial diamine 3,4'-oxydianiline (3,4'-QOA) 
and the commercially available dianhydride 
4,4'-oxydiphthalic anhydride (OOPA) in 2-
methoxyethyl ether (diglyme). This polymer 
(see figure) has been prepared in both ul­
tra-high·molecular-weight (exact stoichi­
ometry of dlamine and dianhydride) form 
and in a controlled-molecular-weight form, 
which has a 2.5-percent offset in stoichi· 
ometry (excess diamine) with a S.(}percent 
level of phthalic anhydride as an end cap. 

The controlled-molecular-weight form 
allows for greatly improved processing of 
the polymer for moldings, adhesive bond­
ing, and the fabrication of composites. The 
version that has the higher rooIecular weight 
affords tougher films and coatings. The 
glass·transition temperature of the poly­
mer, as determined by differential scanning 
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calorimetry, is between 230 and 240°C. 
The overall polymer structure with oxygen 
flexibilizing linkages in both the dianhydride 
and the diamine, as well as a meta linkage 
in the diamine, affords adequate flow prop­
erties for making this polymer useful as 
a molding powder, adhesive, and matrix 
resin for composite materials. 

Pdhesives, composite matrix resins, neat 
resin moldings, and coating films made of 
the new polymer have been found to ex­
hibit properties identical or superior to those 
of commercially available polyimides. The 
end-capped version of OOPN3,4'-QOA has 
been used to prepare graphite-reinforced 
composites because this version exhibits 
melt flow superior to that of the non-end­
capped version. This higher level of melt 
flow is important in making large, compos-

I ~"19J" '6'1 
~ o 0 ~ 

LaRC-IA Is a thermoplastic polyimide made 
f",m 3-4'-oxydlanlline and 4,4'-oxydlphthallc 
anhydride. It has good processing charac· 
teristics, low toxicity, and no mutagenicity. 

ite objects that have complicated shapes. 
Fbtential applications for this polyimide are 
wide ranging. With and without end cap­
ping, it can be employed to prepare un· 
filled moldings, coatings and free films, ad­
hesive tape, adhesively bonded substrates, 
prepregs, and composites. 

This work was done by Terry L St. Clair, 
Donald J. Progar, Janice Y. Smith, and 

C mpulerized ::~::;~~ 
C mp 51-Ie lighter weight construction, 

uncommon strengths, and 

lower costs with dry and pre-

Bral-dl- g preg braided fibers. Add to that the 

ability to endure twisting, sheanng, 

and high force impact, and you have 

sle 5 the answer - preciSion composite 

braiding reinforcements. 

-Baseball bats, propeller blades, thermoplastic air frame stiffeners, automotive 
components, rocket thruster nozzles, and helicopter rotor control rods and blades. 

@] 'tYe~!,,R~~!-~1; WARDWELL BRAIDING MACHINE co. 
1211 Hogh Street. Central Falls. RI 02B63 USA (401) 724-8800 
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From one 
toa 

billion. 
H we can give you 
3-day delivery on one 
prototype rubber part -
how long will it take 
for a billion parts? 

Try us and see. You'll be 
surprised. Our modern 
manufacturing faci lities ensure 
on-time delivery - on orders 
from 100 to 1 billion units at 
very competitive prices. And 
our SPC Program assures you 
of consistently high quality on 
orders of any size. 

As for our 3-day 
prototypes, just send us a 
sketch, blueprint or product 
sample - and we'll take it from 
there. We'll analyze your 
design, select the compound, 
and produce sample parts that 
meet your exact needs. 

So, whatever your 
requ irements, give us a try. 
And we'll give you the kind 
of personal attention and 
service that keeps our 
customers coming 
back for more. 

Millions­
even billions 
- more. 

938 Crescent Avenue, P.O. Box 4006809 
Bridgcpon, cr 06607 
Tel (203) 367-8469 Fax (203) 367-6403 

86 Circle Reader Action No. 515 

Ricky E. Smith of Langley Research 
Center. For further information, Circle 123 
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 deve/o~ 
ment should be addressed to the Patent 
Counsel. Langley Research Center [see 
page 16]. Refer to LAR-14163. 

Copper-Exchanged Zeolite L Traps Oxygen 
Simple chemical treatments make th is material an ~j 

efficient and capacious trap for oxygen. ~JI 
NASA's Jet Propulsion Laboratory, Pasadena, California 

A brief series of simple chemical treat­
ments has been found to enhance the abil­
ity of zeolite L (Unde LZ-Y72) to remove 
oxygen from a mixture of gases. The treat­
ments were investigated in the effort to 
develop a material that could reduce con­
tamination by oxygen in gases at high tem­
peratures. Heretofore, few materials could 
function at high temperatures with ade­
quate capacity for oxygen. 

Zeolite L is thermally stable up to 700 °c 
and has a high specific surface area 
(-400 m2/g) , which provides its high ca­
pacity for adsorption of gases. To increase 
its ability to adsorb oxygen selectively. cop­
per is added by ion exchange, and the 
copper-exchanged zeolite is reduced with 
hydrogen. As a result, copper is dispersed 
atomically on the inner surfaces of the zeo­
lite, making it highly reactive to oxygen, 
even at room temperature. The reactivity 
to oxygen is expected to be even greater 
at higher temperatures. The capacity for 
oxygen uptake may, however, be smaller 
at higher temperatures. 

In preparation for a test of this concept, 
fresh zeolite L was crushed and sieved in 
the size range of 10 to 25 mesh (2 mm 
to 710 I'm). Some of the zeolite was pre­
pared for the copper-exchange treatment 
by first treating it with 1.0 molar NH4N03 

Exposure to Argon 

solution, decreasing its sodium content 
from 1.10 to 0.16 weight percent. Then it 
was treated with 0.2 molar Cu(NO~ solu­
tion, adding copper in the amount of 1.94 
weight percent. 

Both the copper-exchanged and untreat­
ed zeolite were reduced with hydrogen, then 
tested for oxygen-uptake capacity. The treat­
ed zeolite was reduced in a flowing mix­
ture of nitrogen and hydrogen at 180°C 
for 8 hours, during which time the concen­
tration of hydrogen was gradually increased 
from 1 to 30 percent. The reduced, copper­
exc~anged zeolite was heated under argon 
at 200 °C for 1 hour, then cooled to room 
temperature. Next, the argon was replaced 
by oxygen, and the zeolite gained weight 
by about 9.5 percent (see figure), attributed 
to the adsorption of oxygen. 

The untreated zeolite was reduced at 
200 °C in a mixture of 4 percent hydrogen 
and 96 percent argon, then placed in con­
tact with oxygen and allowed to cool to 
room temperature. The total adsorption of 
oxygen in this case was about 5 weight 
percent. 

This work was done by Pramod K. 
Sharma and Panchalam K. Seshan of Ca/­
tech for NASA's Jet Propulsion Labora· 
tory. For further information, Circle 152 on 
the TSP Request Card. NPO-17761 

1--'''-+-- - - ExposuretoOxygen------! 

This Thermogravimet­
ric Plot shows the gain of 
weight of the reduced, 
copper-exchanged zeo­
lite upon exposure to 
oxygen. 
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Computer Programs 
87 Software for Multivariable Frequency-Domain 

Analysis 
87 Waveform-Generating Program 
88 Controlling Laboratory Processes From a Personal 

Computer 
89 System Decommutes and Displays Telemetry Data 

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

ment and Inlonnatlon Center, distributes software 
developed with NASA lunding to industry, other 
govemment agencies and academia 

COSMIC's inventory is updated regularly; new 
programs are reported in Tech Briefs. For addition· 
al inlonnation on any of the programs described 
here, circle the appropriate TSP number. 

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

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

C EleClroole S,stems 

Software for Multivariable 
Frequency-Domain Analysis 

Outputs include frequency­
response singular-value 
plots of multivariable 
transfer matrices. 

FREQ (Multivariable Frequency Domain 
Singular Value Analysis Package) is a soft­
ware package of subroutines that perform 
frequency-domain analysis of (1) continuo 
ous- or discrete-multivariable linear sys­
tems, (2) any continuous system for which 
one can calculate the transfer matrix at 
points on the imaginary axis, or (3) any 
discrete system for which one can calcu­
late the transfer matrix at points on the unit 
circle. Many approaches in the field of the 
analysis of, and the synthesis of controllers 
for, linear, multivariable, time-invariant sys­
tems involve loop-shaping procedures. 
Within these procedures, design paramo 
eters are chosen to shape frequency·re­
sponse singular,value plots of selected 
transfer matrices. FREQ computes, within 
one unified framework, many of the most­
used multivariable transfer matrices. The 
matrices are evaluated at frequency-re­
sponse values selected by the user, and 
singular values and vectors are computed. 
FREQ also tabulates maximum and mini­
mum singular values against frequency. 

A document that describes FREQ in· 
cludes an example with data taken from 
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review of programs in your area of Interest. You 
can also purchase the annual COSMIC Software 
Gatalog, containing descriptions and ordering In· 
fonnatlon for available software. 

COSMIC is part of NASA's Technology Utiliza. 
tion Networ1\ 

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

a study in Which a fine'pointing attitude­
control system was designed for a large, 
flexible hoop/column space antenna. The 
control system was designed to exhibit 
stability robustness with respect to high· 
frequency, unmodeled components of the 
dynamics of the antenna, and a prototype 
version of FREQ was employed to obtain 
the robustness·barrier·design plots. As 
other applications of FREQ indicated new 
users' needs and preferences, FREQ 
evolved through a sequence of applica· 
tions in the analysis and design of con· 
trois. The current version of FREQ provides 
a body of tested software that incorporates 
most of the desired properties and options 
needed by the practicing engineer. 

Four different versions of FREQ are 
available from COSMIC. The user may 
choose between single- and double-pre­
cision versions and between brief and 
complete versions. To use the brief ver­
sions, the user must have access to the 
numerical linear-algebra packages UN· 
PACK (real and complex versions) and 
EISPACK in the same precision as that of 
the version of FREQ being used. The 
single-precision brief version is lAR-14119, 
the single-precision complete version is 
LAR-14120, the double-precision brief ver· 
sion is LAR-14121, and the double-pre· 
cision complete version is lAR-14122. 

The double-precision version is recom· 
mended for such 32-bit computing equip­
ment as a DEC VAX or Sun Microsystems 
workstation. The brief version offers the 
economy of less code to compile and 
store. In addition, if the brief version is in­
stalled on a super·computer or minicom­
puter, the computer may already have a 
version of UNPACK with the Basic Linear 
Algebra Subprograms (8LAS) subpackage 
optimized to its architecture. The use of 
this version of UNPACK will result in a 
more efficient package. All four versions 
of FREQ may be purchased together as 
a package (COS-10024). 

The user gains access to FREQ by 
writing a program in FORTRAN 77 that 

makes calls to subroutines in the FREQ 
package. FREQ is written in ANSI standard 
FORTRAN 77 (with minimal extensions in 
the double-precision versions to support 
the use of the COMPLEX*16 data type) 
and is intended to be independent of the 
specific computing equipment (except that 
some FORTRAN compilers do not support 
COMPLEX*16). Representative memory 
requirements (in bytes) on a VAX computer 
running VMS 5.2 and using VAX FORTRAN 
5.1-10 are 59K for single-precision brief, 
75K for single-precision complete, 73K for 
double-precision brief, and 91 K for double­
precision complete. The amounts stated 
here for the brief versions do not reflect 
the size of the required proprietary rou· 
tines. This program contains copyrighted 
material and was developed in 1989. 

This program was written by Ernest S. 
Armstrong of Langley Research Center 
and Daniel P. Giesy of Planning Research 
Corp. For further information, Circle 157 
on the TSP Request Card. 
LAR-14119, LAR-14120, LAR·14121, and 
LAR-14122 

Waveform-Generating 
Program 

A variety of complicated 
waveforms can be synthe­
sized digitally from simpler 
component waveforms. 

The development of useful signal-proc­
essing equipment and software requires 
a high-quality signal generator that can 
produce a wide array of accurate test sig­
nals. Conventional electronic Signal gen­
erators, though accurate, are limited in the 
number, frequency, and amplitude of in­
dividual waveforms they can provide. To 
fill the need for a signal generator that 
overcomes these traditional limitations, 
scientists at Rockwell International de­
veloped the GENERATE (Digital Genera· 
tion of Complex Waveforms) computer pro­
gram as a flexible and reliable software 
tool for advanced generation of waveforms. 

With GENERATE, the user employs 
standard arithmetic operators ( + , - , x , 
I, and parentheses) to simulate any com­
bination of eight commonly used basic 
waveforms at the desired amplitude and 
frequency. GENERATE creates a data file 
based on the user's selections from a 
menu. The menu provides the necessary 
equations that describe the eight basic 
waveforms and enables the user to com· 
bine them arithmetically. The basic wave­
forms offered as building blocks are the 
sine, ramp, exponential, logarithmic, step, 
clipped sine, square, and sawtooth. 

The user controls the parameters of the 
signal being generated, including the am· 
plitude (infinite range), sample rate (infinite 
range), number of individual signal chan-
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nels (up to 16), duration, and Gaussian 
noise properties (requires Gaussian-white­
noise routines supplied by the user). The 
file of data thus created appears as digi­
tized sound information, which is compati­
ble as input with related data-analysis soft­
ware. The digitally simulated waveform is 
useful in verifying the integrity of new 
signal-processing software, especially 
where a known time signal is necessary. 

GENERATE also contains a routine for 
plotting the output waveform data on a ter­
minal with a Tektronics (or equivalent) em­
ulator, providing visual confirmation of the 
desirability of the waveform. 

GENERATE was developed by use of 

BYHA 

Now. even complex flowcharts that 
once took days to perfect can be presentation­
perfect - in no time! 

Quick to master and a snap to use, 
Patton & Patton's flowcharting software is the 
standard of both large and small businesses 
around the world - and is available through 
all major software dealers. 

See your dealer today! Or, for a 
"live," interactive demo disk, call: 
800·525·0082, ext. 2809. 
International: 408-778-6557, ext. 2809. 

VMS FORTRAN on a DEC VAX 3600 com­
puter. The program occupies approximate­
ly 200 KB of memory, but its output files 
may require considerably more. Memory 
requirements for the files of waveform data 
depend on the complexities of the wave­
forms they represent - ag., a Signal 
generated over two channels at a sample 
rate of 10,240 S-1 for 60 s would require 
2.5 MB (2X10,240X60 words x2 bytes/ 
word). 

This program was written by Charles a 
Hopson of Rockwell International Corp. for 
Marshall Space Flight Center. For fur­
ther information, Circle 89 on the TSP Re­
quest Card. 

NON. 

PATTON & PATTON 
Software Corporation 

Excellence in charting the {low of ideas! 

Works on IBM & 100% compatible PC's, supports CGA/EGA/VGA and over 150 dot matrix and laser printers, 
with multiple print densities and 10 font sizes. Creates multi·page charts, portrait or landscape, on 
most standard paper sizes. Mouse or keyboard controlled. Supports International Characters. 
IBM ia a .. gilt«od Iradelllart of Intlnl.tional B .. i .... Machin. Corporati ••. 
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Inquiries concerning rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 16]. Refer 
to MFS-28408. 

(I) PhySIcal SCiences 

Controlling Laboratory 
Processes From a 
Personal Computer 

An operator can control 
processes via natural· 
language commands. 

A computer program provides natural­
language process control from an IBM PC 
or compatible computer. This program sets 
up a process-control system that can either 
run without an operator or be run by work­
ers who have limited programming skills. 

The complex environment of the typical 
research laboratory requires flexible proc­
ess control. Sometimes process-control 
schedules require frequent changes, even 
several times per day. These changes may 
include the addition, deletion, or rearrange­
ment of steps in a process. The program 
facilitates such changes. 

The program includes three smaller prcr 
grams. 1Wo of them, written in FORTRAN77, 
record data and control research proc­
esses. The thi rd program, written in Pascal, 
generates the FORTRAN subroutines used 
by the other two programs to identify the 
user commands with device-driving rou­
tines (device drivers) written by the user. 
The program also includes a set of input 
data that allows the user to define the user 
commands to be executed by the com­
puter. 

To set up the system, the operator writes 
the device-drMng routines for all of the con­
trolled devices. Once set up, this system 
requires only an input file that contains 
natural-language command lines that tell 
the system what to do and when to do it. 
The operator can make up custom com­
mands for the operation of, and the taking 
of data from, external research equipment, 
at any time of the day or night, even when 
the operator is not in attendance. 

This process-control software system re­
quires a personal computer operating un­
der MS-DOS with suitable hardware inter­
faces to all controlled devices. The program 
requires a FORTRAN77 compiler and de­
vice drivers written by the user. This prcr 
gram was developed in 1989 and requires 
62K bytes of memory. 

This program was written by H. Will and 
M. A Mackin of lewis Research Center. 
For further information, Circle 133 on the 
TSP Request Card. LEW-14907 
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~ MalhemaUcs and 
~ InlOrmaUon Sciences 

System Decommutes and 
Displays Telemetry Data 

The TDPlus system 
transforms a computer 
into a telemetry processor_ 

The TOPlus computer program Is a soft­
ware system for the decommutation of 
pulse-code-mcxjulation (PCM) telemetry sig­
nals. TOPius prOlides synchronization, c0n­

version into engineering units, and display 
of serial bit streams. The TDPlus software 
system transforms an IBM PCcompatible 
computer into a PCM-telemetry-decom­
mutation system. PCM is the most com· 
mon form of modulation used to transmit 
telemetry from spacecraft, but the data in 
the PCM stream are multiplexed in time. 
One of the unique features of the TDPlus 
system is that it provides a way to look at 
PCM data for about a tenth of the cost of 
equivalent decommutators. The software 
structure is built by use of popup menus 
and windows that come from an existing 
commercial library. The use of these func-

tions makes TDPlus very easy to use. 
The TOPlus system synchronizes tele­

metric signals data and enables the con· 
version of them back into such meaningful 
forms as voltage, current, pressure, and 
the like. These data can then be displayed 
on numerical charts, bar charts, or graphi­
cal X-Y displays. The TDPlus system also 
controls the operation of digital-te-analog 
converters to ship data to paper strip charts 
or to parallel digital ports for offloading to 
other computers. 

An engineer typically uses TDPlus as 
a stand'alone program, setting up and 
editing TOPlus tables to customize the pre­
gram for a particular application. This soft­
ware can be used to process actual data 
only when the telemetry-data-processing 
computer has been modified in accord­
ance with specifications contained in NftSA 
Tech Brief "TDPlus TM Data Processor" 
(GSC13291). The modified computer con­
sists of an IBM PC-compatible computer 
and four custom boards, built and de­
signed by NASA/Wallops Flight Facility. 
The computer, together with the TDPlus 
program is then a full PCM-telemetry-de­
commutation-and-display system. How­
ever, the TDPlus program TOP.EXE can be 
run on any PCcompatible computer for 
purposes of editing and demonstration. 

Notice: This COSMIC software is only 

half of the TOPlus package. The hardware­
design documentation must be obtained 
from the Technology Utilization Office at 
Goddard Space Flight Center. 

This program can be executed on any 
IBM PC-compatible computer operating 
under MS-DOS or IBM PCDOS, version 
3.2 or 3.3. The program requires a VGA., 
EGA. eGA or Hercules monochrome video 
adapter and 640 KB of random-access 
memory. The program is written in Turbo 
C and 8088 Assembly language. Compila­
tion of the source code requires Borland 
Turbo C version 2.0 and IBM or Microsoft 
MASM version 3.0 or greater, plus two 
commercial library software packages: 
Blaise Turbo C Tools Version 6.0 (Blaise 
Computing, Inc.,) and Science and En­
gineering Tools for Turbo C 2.0 version 6.0 
(Quinn.curtis). The program was devel­
oped in 1989. 

IBM PC and PCDOS are registered 
trademarks of International Business 
Machines. MS-DOS is a registered trade· 
mark of Microsoft Corporation. Hercules 
is a registered trademark of Hercules 
Computer Technology. 

This program was written by D. E. 
Massey and a Corbin of Goddard Space 
Flight Center. For further information, Cir­
c/e 147 on the TSP Request Card. 
GSC-13324 

Numerical Algorithms Group 

If your applications require mathematical programming, you can learn what users the world over have 
discovered. The NAG Numerical Libraries or other software products allow you to spend your time 
and talents on genuine problem solving. not software development. Your code will be more portable, 
your results will be more reliable - all in considerably less rime. Take advantage of NAG's 
expertise in any of these fine products: 

NAG Fortran Library NAG C Library Symbolic Algebra Software 

A nexible 1001 ror building cw.1om malhemalical 
applications. iocludes more !han 900 U5eJ' callable 
subroutines frequently requu'Cd for SC'CDI.6c or 
engi~ng projects. 

NAG's expertise in mathematics is now available 
in a subroutine library developed entirely in C. 
Using Just one of lhe many routines can easily 
offset the cost of writing your own algorilhms. 

NAG marketS several symbolic algebra software prodUCIS. 

If your work requires powerful algebraic manipulation 
tum 10 NAG for fealllrC$ and facilities not available 

Resolution 

A powerful Mac·based mathematical lOOI box willi 
a graphical user tnterl'ace designed to mimic a scientific 
calculalOr_ Provides point and click analysis for 3.0 
surfaces. ODE's, Fourier tranSforms, matrix calculations 
and more. 

AGware F90 Compiler 

A lJUe mUltipass Fortran 90 compiler. Compiles 
Fortran 90 code 10 C. Allows lhe Foruan user to 
lBb: immediate advantage of lhe Cull fealllrC$ of 
Fortran 90. Available Cor a number of UNIX machmes. 

in 0Cber pacbges. 

NAG VecPar_77 

An inlCrllCU\'e CASE 1001 for veclOfiZlng and 
parallelizing Fortran programs. Allain perl'onnance 
improvements beyond what optimizing compilers may 
provide. Ideal for · rejuvenating • oIda applications. 

For complete details, write NAG or call 708/971-2337. 

THE SCIENTIFIC AND NUMERICAL SOFTWARE SPECIALISTS 
Numerical Algorithms Group Inc., 1400 Opus Place, Suite 200, Downers Grove, IL 60515-5702 USA Tel: 708/971-2337 
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Adaptive Control of Large Vibrating, Rotating Structures 
The inherent passivity of structures is exploited to obtain convergence. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A globally convergent theoretical meth­
od provides for the adaptive set-point 
control of the orientation of, along with sup­
pression of the vibrations of, a large struc­
ture. Developed for controlling the attitudes 
of large, somewhat flexible spacecraft, the 
method may also be useful in such ter­
restrial applications as controlling movable 
bridges or suppressing earthquake vibra­
tions in bridges, buildings, and other large 
structures. 

The method utilizes the inherent passivi­
ty properties of the structure to attain a 
mathematical condition essential to adap­
tive convergence on the commanded set 
point. Under this condition, the system is 
said to be " robustly stabilized against 
spillover dynamics," meaning that it main­
tains stability and convergence in the 
presence of errors in the mathematical 
model of the dynamics of the structure and 
actuators. 

The new method offers the advantage 
of avoiding the command-generator-track­
er (CGT) condition typically associated with 
model-following solutions to the same con­
trol problem. The tracking condition that 
replaces the CGT condition is satisfied by 
the same conditions that assure the strictly 
positive real (SPR) property of the struc­
ture. More specifically, the control architec­
ture in the new method is based on propor­
tional-integral feedback from position and 
velocity sensors (see figure), and the CGT 
condition is replaced by the most stringent 
sufficient condition for global asymptotic 
stability, which requires the existence of 
an output feedback matrix, K, such that 
the closed-loop system is SPA. 

An important feature of the new meth-

Transfer FuneUon of Plant, Gp(I) 
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Notes: .c. + Is a modal matrix. 
1. B Is an InpuUoutpul matrix. 5 . • represents the ratio of posillon feedback to velocity feedback. 
2. g I, • diagonal matrix containing the square. 01 the elgenfrequencJes. 6. Kt > 0 Is Integral gain. 
3. 0 Is • damping matrix. 7. KpCt) Is adaptive proporUonll gain. 

The Adaptive Set-Point Control Architecture is Applied to a Flexible Structure that is 
weightless or otherwise free and that is equipped with collocated torque actuators and position 
and velocity sensors. 

od is that stability conditions are satisfied 
if the ratio of position feedback to veloci­
ty feedback is chosen sufficiently small re­
lative to a quantity that depends on the 
intrinsic structural damping, modal fre­
quencies, number of actuators, and the 
controllability of the rigid-body modes rela­
ive to the flexible-body modes at the ac­
tuator/sensor locations. Such conditions 
are relatively mild and can always be 
satisfied by design, making use of coarse 
ground test data. 

The characterization of the closed-loop 
stability properties is based on a new 
Lyapunov function. This function, in itself, 

extends application of many prior tech­
niques based on positivity theory (both 
adaptive and nonadaptive) to the more­
realistic case in which rigid-body modes 
are present in the dynamics, and, as a 
consequence, the problem of controlling 
the attitude is solved simultaneously with, 
and as an integral part of, the problem of 
suppressing the vibrations. 

This 'NOrk was done by David S. Bayard 
of ca/tech for NASA's Jet Propulsion 
laboratory. For further information, Cir­
cle 23 on the TSP Request card. 
NPO-17471 

Vaporization Would Cool Primary Battery 
Less material would be needed in cooling by vaporization than in cooling by melting. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

The temperature of a discharging high­
power-density primary (ie. , nonrecharge­
able) battery would be maintained below 

90 

a specified level by the evaporation of a 
suitable liquid from a jacket that surrounds 
the battery, according to a proposal. A 

pressure-relief valve would regulate the 
pressure and, thereby, the boiling temper­
ature of the liquid. Because the latent heat 
of vaporization of a typical material is an 
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order of magnitude larger than the latent 
heat of fusion of itself or another material, 
the mass and volume of liquid needed to 
produce a given amount of cooling would 
be much less than the mass and volume 
of material needed to produce the same 
amount of cooling by melting. This tech­
nique could be used to cool batteries in 
situations in which engineering constraints 
on volume, mass, and location prevent the 
attachment of cooling fins, heat pipes, or 
the like. 

Water has been proposed as the evapo­
rative-cooling liquid for an LilSOCl2 bat­
tery that is being developed. The max­
imum operating temperature for this bat­
tery should be maintained below 100 to 

110°C. Water boils at 100 °C at atmos­
pheric pressure and has a heat of vapori­
zation of 2.3X1OS Jfkg. The battery has a 
total mass of 25 to 30 kg and contains nine 
cells, each of which produces an average 
of about 20 to 30 W of heat during a com­
plete discharge lasting 5 h. 

A first-order thermal analysis predicts 
that if the battery has an initial temperature 
of 50 °C, a total mass of 0.5 kg of water 
would suffice to limit the maximum tem­
perature of the battery to 110°C; 1.5 kg 
of water would suffice to limit the temper­
ature to 100 °C. About 10 times these 
masses of a solid-te-liquid or solid-te-solid 
phase-change material would be required 
to achieve the same cooling effects. 

In the spacecraft application for which 
this technique was originally conceived, 
the steam produced in cooling the battery 
would be directed via tubing to a small 
reservoir located near tanks containing liq­
uid hydrogen and liquid oxygen. This very 
cold reservoir would condense the steam. 
This would prevent the steam from es­
caping and contaminating the spacecraft. 
In a terrestrial or other application in which 
contamination by steam is not an issue, the 
steam could be vented to the environment. 

This work was done by Pradeep 
Bhandari and Robert N. Miyake of Caltech 
for NASA's Jet Propulsion Laboratory. 
For further information, Circle 39 on the 
TSP Request Card. NPO-17805 

Dual-Diaphragm Tank With Leakage-Indicating Drain 
Reliability would exceed that of a single-diaphragm tank_ 

Lyndon B. Johnson Space Center, Houston, Texas 

A proposed tank would include a dual 
diaphragm with a telltale drain to separate 
two fluids (e.g., a liquid and a pressurizing 
gas in a hydraulic power system). If a leak 
occurred in one diaphragm, the other dia­
phragm would still prevent the mixing of 
the two fluids; meanwhile, the leakage 
would accumulate in the drain and would 
alert an inspector to the need for repair. 

The diaphragms would extend across 
the tank and would be sealed to the wall 
of the tan~ at its "equator" with conven­
tional labyrinth compression seals. The 
edges would be separated by a perforated 
ring (see figure). The facing surfaces of the 
diaphragms would contain grooves that 
would generally lead radially outward from 
the axis of the tank. The groove patterns 
on the two diaphragms would be different 
so that the grooves would form fine chan­
nels between the faces. Any leaked fluid 
between the diaphragms would flow ra­
dially outward, pass through the perfora­
tions in the seal ring, enter a collection 
cavity, then flow out through the telltale 
drain. The inspector would remove the 
drain cap to check for accumulated fluid. 

The two parts of the tank separated by 
the diaphragm would be equipped with fit­
tings for filling and extracting fluid from the 
"poles:' The shells would be welded te­
gether at the equator. 

In a single-diaphragm tank, liquid tends 
to diffuse through the diaphragm into the 
gas section, where it displaoes pressuriza­
tion gas volume. Similarly, the gas tends 
to diffuse into the liquid section, where it 
dissolves in the liquid. The double dia­
phragm would provide a route for diffu­
sants to escape so that each would not 
enter the opposite section. And, of course, 
it would provide redundant sealing in case 
of a puncture or tear, whereas a single dia­
phragm would allow immediate mixing. 
Moreover, the telltale drain would give in- . 
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Telltale 
Drain 

Dual Diaphragms 
Would Flex as vol­
umes of liquid and 
pressurizing gas 
change. Tiny chan­
nels between the dia­
phragms would carry 
away liquid and/or 
gas that leaks or dif­
fuses through the dia­
phragms. Perfora­
tions in the sealing 
ring would carry the 
fluids to the collec­
tion cavity and the 
telltale drain. 

ALTERNATIVE SCHEME 
FOR SEAlING EIXlES 

OF DIAPHRAGMS 

DETAIL CROSS SECTION 
SHOWING GROOVES ON 

FACING SURFACES 
OF DIAPHRAGMS 

stant evidence of leakage; tirne-consuming 
pressure-drop tests to verify the integrity 
of each diaphragm would be unnecessary. 

In comparison with a dual-seal piston 
accumulator for separating liquid and gas, 
the dual diaphragm would last much long­
er. The piston seals ride on a dry cylinder 
wall as liquid volume changes and thus 
wear quickly and fail. The dual diaphragm 
would Simply flex as volumes change. Fur­
thermore, in many cases, the elastomeric 
materials that are most compatible with 
the fluids to be separated perform better 
as diaphragm materials than as sliding­
seal materials. 

Conceived for bladder tanks for use in 

zero gravity, the concept is adaptable to 
such commercial uses as hydraulic ac­
cumulators in industrial hydraulic systems, 
hydraulic systems in aircraft, and water 
pressure tanks. 

This work was done by Wallace C. 
Tuthill, Jr., of Johnson Space Center: No 
further documentation is available. 

This invention is owned by NASA, and 
a patent application has been filed. in­
quiries concerning nonexclusjo.le or ex­
clusive license for as commercial develop­
ment should be addressed to the Patent 
Counsel, Johnson Space Center [see page 
16J. Refer to MSG-21703. 
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Heat~ransfer Coupling for Heat Pipes ~~ 
The design of the coupler would avoid a difficult brazing operation. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A proposed welded heat-transfer coup­

ling would jOin a set of heat pipes to a ther­
moelectric converter. The design of the 
coupling would make it unnecessary to 
braze the heat pipes directly to the con­
verter - a complicated, difficult operation 
that could damage the heat pipes and con­
verter. Evacuating, filling, wetting-in, and 
testing would be required while the heat 
pipes are attached to the converter. 

In the proposed coupling, the heat pipes 
could be prefilled. The heat of welding 
would be applied around the periphery of 
the coupling, far enough from the heat 
pipes so that it would not degrade the 
working fluid or create excessive vapor 
pressure in the pipes. 

The coupling would include a pair of 
mating flanged cups (see figure). The up­
per cup would be an integral part of the 
housing of the thermoelectric converter, 
while the lower cup would be an integral 
part of a plate that supported the filled heat 
pipes. The coupling would be assembled 
by placing a wick pad in the bottom cup, 

Tube for Filling 
Pad Space Partially 
With Working Fluid 

Flanges 

Heat 
Pipes 

placing the upper cup CNer the bottom cup, 
and welding the flanges together. The 
space inside the cups would later be filled 
with working fluid through a small tube, 
which would then be sealed. 

The pad and working fluid would trans­
fer heat efficiently between the thermo­
electric converter and the heat pipes. The 
working fluid, wick pore size, and artery 
design could be chosen to suit the tem­
perature and heat flux for the thermoelec­
tric converter and the rate of failure of heat 
pipes. The pad and fluid would redistribute 
heat away from failed heat pipes and 
toward functioning heat pipes. This heat 
redistribution prevents the thermoelectric 
converters from becoming a resistive elec­
trical load, which would occur if the con­
verters were directly attached to a heat 
pipe that failed during operation. 

This work was done by Bill J. Nesmith 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Cir­
cle 7 on the TSP Request Card. 
NPO-17863 

Wlcl< 
Pad 

Halves of the Cou­
pling would be 
welded together at 
flanges . The filled 
heat pipes would not 
be adversely affected 
by this operation . 
Working fluid moving 
through the wick pad 
would transfer heat 
from the thermoelec­
tric converter to the 
heat pipes. 

Push Tester for Laminated Films ~~ 
The force required to crack a film is a measure of embrittlement. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A small instrument is used to measure 

the brittleness of a polymer film adhesively 
bonded to a hard substrate. Such meas­
urements are used, in turn, to measure the 
rates of embrittlement in environmental 
tests of candidate laminated-film covers 
for photovoltaic modules. 

The instrument (see figure) is a micro­
ball push tester. It includes a spring-loaded, 
steel-ball tip, 0.0625 in. (1.58 mm) in di­
ameter, that applies a known, adjustable 
force when the user presses it against the 
surface of a specimen. The user compares 
the depression left by the ball with that left 
in a specimen that has not been exposed 
to the aging environment. In an unexposed 
specimen, a depression is formed when 
the microball is pressed into it. In an ex­
posed film that is becoming brittle, a small-

er depression is formed, along with con­
centric cracks inside and around it. The 
greater the embrittlement, the lower the 
force required to cause cracking. 

The microball tester has been used in 
tests of specimens exposed to accelerated 
aging under various combinations of tem­
erature, humidity, and ultraviolet radiation. 
Specimens of the following types were 
evaluated: 
• Transparent polyvinyl fluoride (PVF) film 

bonded to glass by use of ethylene vinyl 
acetate (EVA) as the adhesive; 

• Transparent PVF bonded to amorphous 
silicon with EVA; and 

• Transparent PVF bonded with EVA to a 
glass superstrate on a module of amor­
phous silicon. 
In a photovoltalc module made with any 
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The Penllke Instrument has a mlcroball tip. The small pOinter In the slot on the side 
of the Instrument Is used to calibrate and Indicate the spring force applied by the 
point. The mlcroball dents only a small area of a specimen (bottom). For emphasis, 
depressions are marked here by surrounding circles. 

of these combinations of materials, em­
brittlement of the film would eventually 
lead to cracking and result in deterioration 
of the module and exposure of the elec­
trical circuit to the environment. 

The microball tester is not limited to use 
on transparent films: it can be used on 

Flutter Spoilers 

opaque laminated films on back panels of 
photovoltaic modules, for example. 

This work was done by Russell S. 
Sugimura of Caltech for NASA's Jet Pro­
pulsIon Laboratory. For further informa­
tion, Circle 56 on the TSP Request Card. 
NPo-18063 

Spoiling devices can be deployed rapidly to prevent 
damage to airfoil surfaces. 

Langley Research Center, Hampton, Virginia 
Flutter is an aeroelastic phenomenon 

in which a wing undergoes rapid bending 
and twisting oscillations under certain flight 
conditions. Flutter can lead to destruction 
of the wing. A number of methods used 
in flutter research and development tests 
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minimize the risk of structural damage to 
test specimens. Although these methods 
may be effective in certain Situations, no 
single method works effectively in all situa­
tions. The research engineer typically se­
lects the method that best meets the 
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Spoiler Plates Rotate Into the Airstream, "spoiling" the aerodynamic flow and thereby 
increasing the dynamic pressure at which flutter occurs. 

needs within the constraints of the par­
ticular test. The flutter spoiler represents 
an important addition to this repertoire of 
methods. 

Flutter instability is produced by an un­
favorable coupling of unsteady aerody­
namic forces with structural inertia and 
stiffness forces. One way to suppress flut­
ter is to increase the dynamic pressure at 
which the flutter occurs. The flutter spoiler 
does exactly this. When the flutter spoiler 
is deployed, the unsteady aerodynamic 
forces are changed and the flutter dynam­
ic pressure is increased. Because the flut­
ter spoiler could be deployed rapidly, the 
violent increase in vibration amplitude that 
usually occurs at flutter would be prevent­
ed from occurring. 

A flutter spoiler consists of one or more 
platelike structures hinged along its lead­
ing edge to the surface of a wing or other 
lifting surface so that the spoiler can be 
rotated outward into the airstream. An ex­
ample is shown in the photograph. lYPical­
Iy, flutter spoilers would be located on both 
the upper and lower airfoil surfaces, but 
could be used on either. When not in use, 
the flutter spoilers would fold against or 
into the wing surface so that the aerody­
namic contour of the wing would remain 
unchanged. 

When the flutter condition is reached, 
the flutter spoiler would be rapidly de­
ployed, rotating about its upstream end so 
that it would "spoil" the aerodynamic flow 
on the surface of the wing. It could be de­
ployed by hydraulic, electrical, mechanical, 
pneumatic, or a combination of means. It 
could be under the remote control of a 
test engineer or under automatic control 
coupled to a sensing device that would 
measure vibratory response and actuate 
the flutter spoiler when a preset level of 
vibration occurrs. 

A wind-tunnel-model study was con­
ducted to demonstrate the effects of the 
size and the deployment angle of a sim­
ple flutter spoiler on the flutter of a wing. 
A relatively simple, paddle-type flutter 
model was equipped with a flutter spoiler 
that could be deployed over a range of 
angles by adjusting a mechanism. The 
model was ballasted so that the mass and 
inertia did not change as the parameters 
of the flutter spoiler were varied. Thus, the 
natural frequencies remained the same. 
Consequently, changes in flutter character­
istics between different configurations of 
the flutter spoiler could be directly attrib­
uted to aerodynamic effects of the flutter 
spoiler. 

Experimental results were obtained at 
mach 0.80 for (1) variations in the angle 
of deployment of the flutter spoiler, the 
area of which was constant at 0.047 that 
of the wing, and for (2) variations in the 
size of the flutter spoiler for a given angle 
of deployment. Results show that the flut­
ter dynamic pressure is increased by in­
creasing either the angle of deployment 
or the size. The results further show that 
the size has a stronger effect on flutter 
than does the angle of deployment over 
the range of parameters investigated. 

The use of the flutter spoiler would be 
particularly attractive for wind-tunnel flut­
ter-model tests, in which models are tested 
at conditions very close to, or in many in­
stances at, the flutter boundary because 
it is necessary to define accurately the 
flow conditions at which flutter occurs. The 
use of the flutter spoiler would prevent 
damage to these flutter models, which are 
often very expensive. 

This oork v.as done lJy Robert V. Doggett, 
Jr., of Langley Research Center. For fur­
ther information, Circle 70 on the TSP Re-
quest Card. LAR-14117 
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Improved Force-and.:rorque 
Sensor Assembly 
Forces and torques are measured by different 
strain gauges at different positions. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

An improved sensor assembly meas­
ures the forces and torques of interaction 
between a supporting and a supported 0b­
ject. For example, the assembly could be 
placed at the wrist of a robot to measure 
the operating loads between the arm and 
hand. Like many prior force-and-torque 
sensor assemblies, this one includes strain 
gauges mounted on flexure beams in posi­
tions and orientations that make them sen­
sitive to strains proportional to the forces 
and torques to be measured. The imme­
diate predecessor of the improved sensor 
assembly was similar in that it had a four­
flexure beam configuration, but it was rela­
tively insensitive to axial forces, and it was 
necessary to extract axial-force data from 
the outputs of the same strain gauges that 
also measured the torques. 

The improved assembly (see figure) is 
sensitive to all three components of force 
and all three components of torque. In this 
sensor assembly, the strain gauges that 
measure the forces are separate from the 
ones that measure the torques. The force­
measuring gauges are positioned and 
oriented to be insensitive to torques, while 
the torque-measuring strain gauges are 
mounted to be insensitive to forces. 

Each strain gauge is mounted on a flex­
ure beam in a sition and orientation that 

SECTION ,..,. 
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makes it sensitive to a component of longi­
tudinal strain indicative of bending of the 
beam about one of its axes. In this con­
figuration, pure torque loads do not cause 
bending of the crossed flexure beams at 
the axis of symmetry. However, force loads 
along or perpendicular to the axis of sym­
metry do cause these beams to bend at 
the axis of symmetry. Consequently, the 
strain gauges near the axis of symmetry 
are not sensitive to torques but are sen­
sitive to forces. 

Torque loads do cause the beams to 
bend at the points near the thin webs that 
join them to the connection to the support­
ing object. Consequently, the strain gauges 
at these points measure torque loads. 
Force loads also cause some bending at 
these points, but the strain gauges here 
are less sensitive to force loads than are 
the strain gauges at the axis of symmetry. 
In any event, these gauges can be con­
nected in a bridge circuit, or their outputs 
can be processed in such a way as to 
cancel the force readings. 

This work was done by Robert M. 
Bamford of Caltech for NASA's Jet Pro­
pulsion Laboratory. For further informa­
tion/ Circle 460n the TSPRequest Card. 
NPQ-17370 

The Improved 
Force-and­
Torque-Sensor 
Assembly mea­
sures all three 
components of 
force and all 
three compo ­
nents of torque. 
The force mea­
surements are 
uncoupled from 
the torque mea­
surements. The 
price for the im­
proved measure­
ment capability 
is complexity and 
flexibility that 
could be exces­
sive in some ap­
plications. 
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Deflection and Stress in Preloaded Square Membrane 
The effect of tension applied uniformly along edges is added to the analysis. 

Goddard Space Flight Center, Greenbelt, Maryland 

A theoretical analysis has yielded equa· 
tions for the transverse deflection of, and 
the stresses in, a square membrane sub· 
ject to both a uniform transverse load (e.g., 
the difference between the pressures in 
two fluids separated by the membrane) 
and tension preloads applied uniformly 
along the edges (see figure). Previous 
theoretical analyses by Foppl and 
Timoshenko included the assumption of 
zero edge preload, and Foppl's analysis 
included a calculation of the maximum 
deflection for the special case of a 
Fbisson's ratio of 1.4 . The new analysis and 
equations are valid for any Fbisson's ratio. 

The analysis is performed in a simple 
x, y, z coordinate system, with origin at the 
center of the square defined by the edges 
of the membrane: x and y each parallel 
to one of the two perpendicular pairs of 
edges, and z perpendicular to x and y. Like 
the previous analyses, this one follows an 
energy/virtual-displacement approach. In 
this approach, the basic equation is one 
that expresses the strain energy in the 
membrane as a double integral, over the 
x and y coordinates of the square, of a 

function of the longitudinal strains, the 
shear strain, the thickness of the memo 
brane, and the Young's modulus and 
Fbissons's ratio of the membrane material. 

Following standard practice, it is as­
sumed that the edges of the membrane 
are held rigidly and that the x, y, and z com­
ponents of the displacement caused by 
the transverse load can be represented by 
simple trigonometric expressions that re-

VIDEO 
CONTRAST 

ENHANCEMENT 
Video signals aren't always perfect. 

Low contrast, unbalanced lighting, 
"port-holing" optics, and other factors 
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critical visual information. The Colorado 
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connects between your video source 
and TV monitor, tape recorder, or 
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Original off screen imoge. 

rections and gray scale expansion as 
well as switchable polarity inversion 
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improving subjective visibility of 
detail. 
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pricing. 

O((screen with shading correction. 
contrast expansion and inversion. 
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Uniform Stretching 
Preloads are applied 
to the edges of a 
transversely loaded 
square membrane, 
possibly to reduce the 
transverse deflection. 
Previous analyses 
addressed the effects 
of the transverse load 
but did not consider 
preloads. 

duce to zero displacement at the edges. 
The x and y (stretching) components of the 
displacements caused by the pre loads are 
added (the x preload can differ from the 
y preload) to obtain the total displacements. 

The first and second derivatives of the 
expressions for the total displacements are 
used to derive expressions for the strains 
in the strain-energy integral. Then, using 
the principal of virtual displacement, an 
equation for the relationship between the 
in-plane (x and y) and the transverse (z) 
displacements is found by setting the 
derivative of the strain-energy integral with 
respect to the amplitude of the transverse­
load component of the in-plane displace­
ments equal to zero. Next, an equation that 
expresses the relationship among the 
maximum transverse deflection at the 
center, the transverse load, and the edge 
preloads is found by setting the change 
in the strain-energy integral caused by a 
virtual transverse displacement equal to 
the work done by the transverse load when 
it deforms the membrane by the same vir­
tual displacement. 

The expressions derived in the forego­
ing procedure are inserted in the previous 
equationS for the displacements and strains_ 
Then the stresses are expressed via the 
well-known linear relationships between 
stresses and strains. The maximum ten­
sile stress occurs at the edges, and an 
equation for this stress has been derived 
for the special case of equal x and y 
preload. The results of this analysis can 
be compared to the results of the previOUS 
analyses by simply setting the edge pre­
loads to zero. 

This 'MJrk was done by Alfonso Hermida 
of Goddard Space Aight Center. For fur­
ther information, Circle 47 on the TSP Re­
quest Card. 
GSC-13367 
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Reusable Mechanical Pin Puller 
The puller can be used in the testing of systems that normally use expensive pyrotechnic pullers. 

Goddard Space Flight Center, Greenbelt, Mary/and 
A reusable, mechanical pin puller (see 

figure) was designed to save money and 
increase safety as a substitute for costly 
and potentially dangerous pyrotechnic pin 
pullers used in the development and test­
ing of deployment mechanisms. In the de­
velopment of the Cosmic Background 
Explorer Spacecraft, launched in 1989. 
mechanical pin pullers were designed to 
use in place of the 28 pyrotechnic pin 
pullers, each costing $500 to $1 ,000, in 
three deployable systems: a solar array, 
a thermal shield. and an antenna. Versions 

1_ 1.375 _ I r-- Diameter --, 
Note: Dimensions 

are In Inches. 

The Reusable Mechanical Pin Puller is 
a relatively simple spring-loaded trigger 
mechanism. 

NASA Tech Briefs, September 1991 

of the mechanical pin puller could be used 
in other mechanisms that would normally 
be activated by pyrotechnic pin pullers. 

Designed to exert a pull of 250 Ib (1 ,100 
N), the pin puller includes a cylindrical 
housing that contains a piston. a large 
spring, and a trigger mechanism. The trig­
ger mechanism includes an arm that 
keeps the piston loaded against the com­
pressed large spring until the time of ac-

tivation. A small spring keeps the arm load­
ed against a small pin protruding from a 
solenoid until the time of activation. Upon 
retraction of the small pin by the solenoid 
at the time of activation, the small spring 
turns the arm away from the piston, and 
the large spring drives the piston down­
ward through a distance of about 0.5 in. 
(12.7 mm) onto a polytetrafluoroethylene 
spacer. 

=- .... = - -- --
CASEBOOK 

The Case for P-Method Analysis 
Engineers have long thought that complex meshes produce 
more accurate results. 

However, with recent technology advances, the P-Method 
of using higher-order polynomials to describe the deflection 
of elements offers a simpler solution. 

ow Structural Research makes P-Method analysis avail­
able to complement the HIP-Method and adaptive meshing 
analysis techniques for which COSMOSIM is famous. 

Using the COSMO 1M P-Method. far fewer elements are 
required to achieve convergence and accurate results. The 
P-Method also offers significant advantages in ease of use. 
and CPU speed to reach a design solution. 

Used with the COSMOSIM STAR module. the P-Merhod 
can be combined with adaptive meshing to detennine 
nodal displacements and element stresses. Even coarse 
meshes developed in CAD programs can be used with 
COSMOSIM to yield accurate solutions by simply increasing 
rhe value of P for the element. 

To appreciate the speed and simplicity of the 
CO MOS/ M P-Method. study the chart below. To appre­
ciate its ease of use and application to your own engineer­
ing problems. contact Structural Research for more 
information. 
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To prepare the pin puller for reuse, one 
disassembles the top portion of the me­
chanism, replaces the spacer, reassem­
bles the top portion, and reloads the piston 

against the large spring while cocking the 
arm against the small spring. The large 
spring can be changed to change the pull. 

This work was done by Son Ngo and 

Rodger Farley of Goddard Space Right 
Center and Ed Devine of Swales Associ­
ates. No further documentation is available. 
GSG-13355 

Long-Lived, Replaceable Low-Pressure Seals 
Simple units operate by metal-spring and elastomeric compression. 

Marshall Space Flight Center, Alabama 
A type of gasket suitable for use on 

hatches and windows combines the ad­
vantages of low leakage, long life, and easy 
replacement. A typical gasket of this type 
consists of a metal spring plate with an 
elastomeric jacket (see figure). The K­
shaped cantilever springs on the plate hold 
the jacket against the structure to be 
sealed. The light spring force on the jacket 
ensures a tight, low-leakage seal, even in 
vacuum and extreme cold. The flanges to 
be sealed to each other by the gasket can 
thus be made smaller and lighter than if 
a metal-to-metal contact were used. The 
elastomer is subject to only moderate 
compression force and therefore lasts 
longer than a purely elastomeric gasket 
does because it does not acquire as much 
of a compression set. 

the window flange retain the gasket, main­
taining a light load on it and thus securing 
the elastomer jacket when the two flang­
es are separated. When the flanges are 
brought together, the spring arms begin to 
deflect and carry load. This continues un­
til the gasket plate contacts both flanges, 
at which point the seal is fully compressed. 
My further load that tends to push the 
flanges together is taken up by the gasket 
plate. The seal is a double one; a barrier 
to flow is maintained at both flanges. 

The elastomer jacket supports itself 
when it is compressed. It thus provides 
some degree of seal even if one of the 
spring arms fails. 

When a jacket eventually deteriorates 
and must be replaced, the sealed flanges 

are separated and the fasteners are loos­
ened. This makes it easy to slip the jacket 
off the spring arms. The flanges can be 
cleaned easily; it is not necessary to pry 
an O-ring out of a dovetail groove. A new 
jacket is slipped on the arms, the fasteners 
are retightened, and the flanges are re­
jOined. Replacement jackets can be fold­
ed and stored in a small space. 

This oork was done OJ Bruce 'M3ddendorf 
of Marshall Space Right Center. For fur­
ther information, Circle 10 on the TSP Re­
quest Card. 

Inquiries concerning rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 16).Refer 
to MFS-28521. 

The gasket is used between two flat 
flanges to be sealed to each other; e.g. , 
one on a window or hatch and the other 
on the supporting structure. Fasteners on 

The Ring-Shaped Gasket has a rectangular cross section from which paired cantilever 
spring arms extend In a K-shape. In the unassembled state, the arms hold elasto­
meric Jackets lightly but securely. When assembled between flanges, the arms and 
Jackets become compressed and form an airtight seal on both flanges. 
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Anthropomorphic Robot Hand and Teaching Glove 
Motions of the operator's fingers control motions of the corresponding robot fingers. 

Goddard Space Flight Center, Greenbelt, Maryland 

A robotic forearm-and-hand assembly 
manipulates objects by performing wrist 
and hand motions with nearly human 
grasping ability and dexterity. The robot im­
itates the hand motions of a human op­
erator who controls the robot in real time 
by programming via an exoskeletal "teach­
ing glove" (see fi9ure). Telemanipulator sys­
tems based on this robotic-hand concept 
could be useful where humanlike dexteri­
ty is required. Underwater, high-radiation, 
vacuum, hot, cold, toxic, or otherwise in­
hospitable environments are potential ap­
plication sites. The system is particularly 
suited to assisting astronauts on a space 
station in safely executing unexpected tasks 
requiring greater dexterity than the stand­
ard gripper has. 

The robot hand is anthropomorphic and, 
more importantly, anatomically correct in 
size and configuration. Finger and thumb 
digits are sized and proportioned like those 
of an average human hand. A bracket 
emulating the palm precisely positions the 
digits with respect to each other. 

Just as the motions about the various 
joints of a human hand are actuated by 
muscles in the forearm pulling on tendons, 
the motions about the joints of the robot 
hand are caused by servomotors in the 
robot forearm pulling on cables made from 
Technora, a fiber similar to Kevlar. Each 
motor actuates the motion about one of 
the joints in response to a processed con­
trol signal or to a real-time sensed poSi­
tion of the corresponding joint of the 0p­

erator's hand. 
The design was based on human an­

thropometry studies, which suggest that 
skeletal characteristics of the human hand 
vary only slightly from person to person, 
differences being primarily in size (scale). 
The importance of human "anatomical 
consistency" for the field of robotics is tw<r 
fold; namely, as a method of control and 
gripper dexterity. By building an anatomic­
ally correct mechanical model of the hu­
man hand, robot control then evolves from 
primitive teach pendant to utilization of 
teach glove. Placed over the operator's 
own hand, object manipulation now be-

NASA Tech Briefs, September 1991 
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comes a function of operator intuition, with 
skills and talents inherently provided to ac­
complish the task. 

This work was done by Charles D. 
Engler. Jr. , of Goddard Space Flight 
Center. For further information, Circle 155 
on the TSP Request Card. 

The Anthropo­
morphic Robot 
Hand and Teach­
ing Glove are 
parts of a telema­
nipulator system 
that can handle 
objects with a dex­
terity approaching 
that of the human 
operator. 

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 Pat~nt 
Counsel, Goddard Space Flight Center 
[see page 16]. Refer to GSC-13244 

Unbalanced Rotating Masses 
for Scanning 
Scans can be performed with less power and at less cost. 

Marshall Space Flight Center, 
Alabama 

Unbalanced rotating masses could be 
low-cost, low-power, lightweight means of 
generating scanning torques for scientific 
instruments. They could impart a variety 
of scanning patterns - continuous cir­
cular, back-and-forth linear, and, with the 
aid of an indexing mechanism, raster. A 
system of unbalanced rotating masses has 
been proposed for scanning gimbaled sen­
sors that will observe the Sun from a bal­
loon-borne gondola. lWo unbalanced mass­
es would rn<JVe the sensor aim in a circular 
pattern around the center of the Sun (see 
figure). 

A rotating-unbalanced-mas::. device 
would consist of a mass on a lever arm 
rotating at a constant angular velOCity. The 
centrifugal force of the rotating mass would 
create a torque about the center of gravi­
ty of the gimbaled platform. The torque 
would move the platform and sensors in 
the requisite scanning pattern. A torque 
motor, a device tachometer, a resolver or 
encoder, and feedback control electronics 
would be used to make the device rotate 
at constant angular velocity. 

In a system like that of the balloon-borne 
experiment, the motions of the two un­
balanced masses would have to be syn­
chronized electronically so that their rota­
tions would produce the required effect. 

Compared with older scanning systems, 
rotating-unbalanced-mass systems offer 
important advantages. In the balloon ex­
periment, for example, reaction wheels 

CIRCULAR SCAN 

LINE SCAN 

Rotating Unbalanced Masses would pro­
duce linear or circular scans. The scanning 
rate would be determined by the sizes of 
the moment arms and the rotational veloci­
ties. 
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would consume much more power -174 
W versus 21 W for the unbalanced mass­
es. Reaction wheels would also be more 
expensive. Thrustors are more expensive 
and rely on limited supplies of propellant. 
Torque motors used to rotate entire plat­
forms (instead of only the unbalanced 
masses) generate reaction torques in the 
supporting structure, which can disturb the 

experiment. 
Reaction wheels, thrustors, torque mo­

tors, or control·moment gyros would still 
be needed to center scans or for indexing 
them in rasters. However, the torques 
needed for these purposes would be low, 
and the units would be small. 

This wrk was done t:It Michael £ Fblites 
of Marshall Space Flight Center. For fur-

ther information, Circle 94 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, Marshall Space Flight Center 
[see page 16}. Refer to MFS·28425. 

Self-Motion Manifolds of Redundant Manipulators 
A new perspective on redundancy can yield alternative control strategies. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
Self-motion manifolds are introduced in 

a new approach to the characterization of 
self-motions of a robotic manipulator that 
has redundant degrees of freedom. Self­
motions, which are made possible by the 
redundancy, are those motions of the robot 
jOints that leave the position of the end ef­
fector unchanged. In much of the previous 
research on redundant manipulators, the 
approach has been to resolve the redun­
dancy by optimizing the redundant mo­
tions of the joints with respect to additional 
criterion functions while commanding the 
end effector to follow the desired trajectory. 

tories of the joints as functions of the de­
sired trajectory of the end effector) are 
naturally interpreted as a set of self-rr"tion 
manifolds (see figure) rather than in terms 
of the Jacobian null space. 

This approach is useful in the study of 
redundant manipulator kinematics. In ad­
dition, the problem of the resolution of re­
dundancy can be posed equivalently in 
this approach as the problem of the con­
trol of self-motions, and the self-motion 
manifolds are useful in investigating, inter­
preting, and formulating both local and 

global techniques for the resolution of re­
dundancy. Redundancy can be resolved 
by direct control of a set of self-motion pa­
rameters, by direct control of a related set 
of kinematic functions defined by the user 
and the use of these functions to construct 
an augmented Jacobian, or by optimiza­
tion with an objective function. 

This wrk was done by Joel W Burdick 
and Homayoun Seraji of Caltech for 
NASA's Jet Propulsion Laboratory. For 
further information, Circle 136 on the TSP 
Request card. NP()'17965 

Self-Motlon The Self-Motion 
Manifolds lor Point 1 Manifold of a three-

arm planar robotic 
manipulator with the 
end effector located 
at point 2 is a closed 
curve in the three di­
mensional space of 

~ the joint angles. For 
point 1, there are two 
manifolds - both spi­
rallines. 

The previous approach has involved the 
use of a pseudoinverse of the Jacobian 
matrix (which consists of derivatives of the 
coordinates of the end effector with re­
spect to the coordinates of the joints) in 
optimizing locally - that is, within a small 
range of redundant motions. In the alter­
native approach, the kinematics of the 
robot are reformulated via a manifold map­
ping that stresses global, rather than local, 
kinematic analysis. Within this theoretical 
framework, the infinite number of redun· 
dant solutions of the inverse kinematic 
problem (the problem of finding the trajec· MANIPULATOR ARMS AND JOINT ANGLES JOINT·ANGLE SPACE 

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 TechnicallnlormationService 

Variable-Speed 
Instrumented Centrifuges 
I mage and data recording 
and controlled temperature 
and gravity would be provided 
for 12 experiments. 

A report describes a conceptual pair of 
centrifuges, the speed of which could be 
varied to produce a range of artificial 
gravities in a zero-gravity environment. The 
microprocessor-controlled centrifuges 
would include video cameras to record 
stop-motion images of experiments. 

The centrifuge speed would be variable 
from 0.66 to 75.6 rlmin, creating accelera-
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tions ranging from 0.0001 to 1.3 times the 
gravitational acceleration at the surface of 
the Earth. Potential applications of the 
machine include studies of the effect of 
gravity on the growth and on the produc· 
tion of hormones in corn seedlings, ex· 
periments with magnetic flotation to sepa. 
rate cells, and electrophoresis to separate 
large fragments of deoxyribonucleic acid. 

Each centrifuge would be independent· 
Iy controlled and would accommodate six 
experiments. Sliprings would provide 
power and signal lines for the experiment 
containers. The microprocessor would 
control the speed, temperature, displays, 
and the recording of images and data. It 
would consist of a central processor on a 
mother board, a variety of circuit boards 
custom-designed for the experiments, and 
a digitizer to transfer video data to disks. 

The video cameras would include 
charge-coupled devices that can store im-

ages in their memories in less than one-six­
tieth of a second. One camera would be 
provided for each centrifuge. Infrared light 
would be flashed on an experiment con· 
tainer, and the camera would record the 
image. The image of a rapidly moving 0b­
ject would not be blurred but merely elon­
gated in the direction of motion. Thisdistor­
tion could be removed, if necessary, by 
subsequent data prOCessIng. 

Video and other data would be stored on 
two 3.5-In. (8.9-cm) floppy disks. Each disk 
could accommodate more than 3.2 Mb of 
formatted digital information at a rate of 
SOO kbls. 

This work was done by David K. 
Chapman and Allan H. Brown of MICROO 
Research Inc. for Kennedy Space Cen­
ter. To obtain a copy of the report, 
"Variable Speed Mid-Deck Centrifuge," 
Circle 42 on the TSP Request card. 
KSC-11383 
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106 Initiating Growth of Crystals 
Away From Container Walls 
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109 Microwave levitation of Small Objects 

... ~ Quick-Connect/Disconnect Joint for Truss Structures 

Spring Pin 
Tube-Releasing 
lever 

DETAIL OF GROOVED SECTION 

Spring 

Halves of the Connector are shown before (top) and after (middle) assembly. The drawing of 
the grooved half (bottom) shows the spring-loaded cone in its unreleased position. When the 
flanged half is inserted in the groove, it moves the lever of the trigger mechanism upward. 
The cone then shoots into the grooved half. 

102 

A simple connector could 

be used for temporary 

structures and pipes. 

Lyndon B. Johnson Space 

Center, 

Houston, Texas 

A truss connector joins and aligns struc­
tural members. The connector can be at­
tached without tools in less than 2 seconds 
and can be taken apart just as quickly and 
easily. Developed for assembling struc­
tures in outer space, the connector may 
also be useful for temporary terrestrial 
structures like scaffolds and portable 
bleachers. With modifications, it could be 
used to join sections of pipelines carrying 
liquids or gases. 

The connector consists of two sections, 
one flanged and the other with a mating in­
ternal groove (see figure). As the flanged 
half is inserted in the grooved half, the two 
sections bring themselves into axial align­
ment. Simultaneously, the flange activates 
a trigger mechanism that releases a spring­
loaded cone that is concentric with the 
grooved section. The cone slides from the 
grooved section into the flanged section, 
locking the halves together. A large nut on 
the flanged half is tightened by hand against 
the grooved half to secure the connection. 

A pin is mounted on the cone and ex­
tends out from a slot on the grooved sec­
tion. It thus shows the position of the tube; 
the pin is at far end of the slot (away from 
the joint) before the flange is inserted, and it 
is at the near end after the flange has re­
leased the cone. 

The pin can also be used to open the 
connector. The operator returns the pin to 
its original position, thereby reloading the 
cone against its spring, and loosens the nut. 
The sections can then be pulled apart. 

This work was done by Benny B. Sprague 
of Johnson Space Center. For further in­
formation, Circle 164 on the TSP Request 
Card. 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent 
Counsel, Johnson Space Center [see page 
16]. Refer to MSC-21539. 
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Salt Filler for Making Covered Channels 
Metal salts offer ease of application, resistance to high-temperature processing, and ease of removal. 

Step 5: Dlssol"e Sell FIller 
To Clear ChaMels 

Machined Channels Are Filled WIth Salt, 
whIch serves as a substrate for a plas­
ma-sprayed metal lid. The salt is then 
rinsed away from under the lid to clear the 
passages. 

NASA Tech Briefs, September 1991 

Marshall Space Flight Center, Alabama 

In a simple fabrication technique, metal 
salts are used to create such subsurface 
channels as those for coolant in a metallic 
heat exchanger. Metal salts are readily 
available, are easy to apply, and can be 
removed easily and quickly. Previous filler 
materials have included waxes, which are 
easily removable by melting at low tem­
peratures but, therefore, may not withstand 

high temperatures used in fabrication; and 
aluminum, which can withstand higher 
temperatures but has to be removed by 
dissolving it in acid. 

Open channels are first machined in the 
metal heat exchanger or other structure 
(see figure). The metal salt or mixture of 
salts, which may be crystalline, powdered, 
or granular, is mixed with a small amount 

Advanced coating 
and laminati g 

technology 
Rexham custom coats 
and laminates flexible 
films, foils, papers and 
fabrics for use in elec­
tronics, aerospace, graphics, 
and other high-performance 
applications. 

Whether your need is 
development, production, 
additional capacity or a 
second source, Rexham 
provid~ the resources, 

• Extensive analytical 
capabilities 

• Latest on-line quality 
inspections 
Call for our Creden­

tials Package. Complete 
confidentiality guaranteed. 

REXHAM 
~'- -, 
INDUSTRIAL 
Po. Box 368, Matthews, C 28106 
TEL 704/847-9171 
FAX 704/845-4333 

laminating precision 
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3M Reveals 
New Long Term 
EMI/RFI 
Shielding Tape 
Tin-alloy coating on both 
sides of copper foil offers 
superior solderability, 
environmental stability. 
AUSTIN, Tex. - This new UL Recognized 
Scotch'" Foil Shielding Tape 1183 employs 
a tin-alloy coating on smooth copper foil to 
produce a durable and effective electro­
magnetic shield. 

The tin-alloy coating is 
on both sides of the 
copper for thorough 
protection. 

The tape is a tin­
alloy coated ver­
sion of the widely 
u ed 3M 1181 Tape 
and provides shield­
ing when wrapped 
around flat and 
round cable, and 
cable connectors. 

The unique elec­
trically-conductive 
adhesive enables 
1183 tape to make 
electrical connec­
tions across seams 
and between mat­
ing sections , of 
electronic enclo­

sures ranging from small equipment 
housing to large shielded rooms. The tape 
can also shield the energy radiating from 
seams between the sectors of dish 
antennas. 

The pecial tin-alloy coating on both 
sides of the foil provides two significant 
benefit . 

I. Thorough environmental stability and 
corrosion resistance. 

2. Exceptional solderability for applica­
tions uch as ealing the earn when 
the tape i used as a shield around 
cable connector . 

3M 1183 Tape al 0 erve a a corrosion 
re i tant contact surface for conductive 
gasketing, beryllium copper " pring 
fmger " or other resilient conducting media 
u ed around door and opening of 
electronic cabinetry. 

For more information about all 3M Foil 
Tapes, contact a 3M Electrical Specialties 
Division repre entative or authorized 
distributor or call 1-800-233-3636. 

3M Electrical Specialties Division 3M 
PO Box 2963 
Austin, TX 78769-2963 
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of water or other solvent, and the resulting 
paste is placed in the open channels. The 
structure is heated in an oven to dry the 
paste. 

A layer of metal is deposited on the 
structure by vacuum plasma spraying, 
sealing the channels. The metal salt or salt 
mixture has a melting temperature higher 
than those of waxes and aluminum and, 
therefore, can withstand the high temper· 
ature of plasma spraying. After plasma 
spraying, the salt filler is dissolved quick· 
Iy and easily and flushed away with water 

or other appropriate solvent, leaving be­
hind the covered channels. 

This work was done by Timothy N. 
McKechnie and Richard R. Holmes of 
Rockwelllnternationa! Corp. for Marshall 
Space Flight Center. No further docu­
mentation is available. 

Inquiries concerning rights for the com­
mercia! use of this invention should be ad­
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 16}. Refer 
to MFS-29729. 

Sealing Out-ot-Round Tubes With O-Rings 
Shells of connectors for electrical cables are adapted 
to seal tubes against pressure or vacuum. ~J 
NASA's Jet Propulsion Laboratory, Pasadena, California 

Glass or ceramic tubes that are out<>f· 
round can be sealed effectively by ordinary 
O-rings in caps of modified hydraulic fitt­
ings. In a typical connection, the O-ring is 
squeezed between two surfaces that have 
inward<lpening slants of 50 or 100 (see fig­
ure). The slanted surfaces force the ring in­
ward, compressing it around the tube. The 
connector metal fitting, tightened by hand 
around an O-ring, can seal the O-ring 
against a tube as much as 1/16 in. (1.6 mm) 
out of round. 

Standard aluminum or stainless·steel 

AN 
FIttings 

Staking Pliers 

AN fittings can be readily adapted by 
machining small amounts of material from 
the ends of the mating parts (see figure). 
The modified connectors can seal glass or 
ceramic tubes against gas or vacuum leak· 
age in fumaces, vacuum systems, and 
tubes for glassblowing equipment. 

This work was done by Paul J. Shlichta 
of Ca/tech for NASA'. Jet Propulsion 
Laboratory. For further Information, Circle 
156 on the TSP Request Card. 
NPO-17791 

Parts of AN Con­
nectors (top) are ma­
chined to remove ma­
terial shown in color. 
The parts are then 
mated so that they 
squeeze an O-ring in­
ward against a tube 
(bottom). 

Pliers with a simple modification deform threads 
quickly, easily, and inexpensively. 

Lyndon B. Johnson Space Center, Houston, Texas 
A modified pair of ordinary pliers de­

forms the thread on a bolt after a nut has 
been screwed on it. The deformed threads 

prevent a loosened nut from backing off 
under vibrations or impact. The staking 
pliers are used in place of the center 

NASA Tech Briefs, September 1991 



punch and hammer formerly used to stake 
(deform) the thread. In comparison with 
the center punch and hammer, the pliers 
are easier and faster to use and less like­
ly to damage parts. 

The modification consists of (1) drilling 
and tapping a hole in one of the jaws and 
inserting a hardened setscrew with a 
sharply ground point in the hole and (2) put­
ting a notch in the tip of the opposing jaw 
(see figure). When the jaws are clamped 
on a bolt, the point of the setscrew is 
driven into the thread, reshaping it so that 
the inside thread of a nut can no longer 
slide on it. The notch in the jaw opposite 
the setscrew centers and holds the bolt 
while the point presses into it. 

This work was done by Elvvood S. Falls 
of Johnson Space Center. For further in­
formation, Circle 14 on the TSP Request 
Card. MSC-21725 

Ordinary Pliers are modified by the addition of a hard-pointed setscrew in one jaw 
and a groove in the opposite jaw. When the jaws are squeezed together on a bolt, 
the point deforms the thread. 

Pressure Roller for Tape-Lift Tests 
A simple, easy-to-use tool provides more nearly uniform pressure. 

Goddard Space Flight Center, Greenbelt, Maryland 
r---------------------------------~ 

A rolling device applies a nearly con­
stant, uniform pressure to a surface. The 
device is intended for use in taking tape­
lift samples of particulate contamination 
on the surface. 

Heretofore, the usual method of taking 
such a sample has been to lay the sticky 
side of an adhesive tape on the contam­
inated surface, smooth it with the fingers, 
then remove the tape, and examine it un­
der a microscope to determine the number 
and size of contaminant particles. With this 
method, however, it is practically impossi­
ble to ensure that a constant pressure is 
applied evenly over the tape when it is 
smoothed. Therefore, particles may cling 
more in certain areas and less in others, 
and the accuracy of the measurement 
becomes questionable. 

The rolling device is used in place of 
the fingers to ensure that nearly the same 
pressure is applied over the entire area of 
the tape. The pressure applied is also in­
dependent of the user. The device includes 
a sheath of foam rubber or other suitable 
elastomeric material on a cyfinder that has 
wheels at its ends. The cyfinder is mounted 
to rotate on a handle (see figure). The 
diameter of the wheels is greater than that 
of the cylinder but less than that of the 
sheath. The user grasps the handle of the 
device and pushes it against the surface, 
compressing the sheath until the wheels 
make contact with the surface. The user 
thus compresses the foam a fixed amount, 
and consequently the foam aw/ies a near­
ly constant pressure to the surface. The 
foam also conforms to slight irregularities 
of the surface. 

Keeping the wheels in contact, the 
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This Simple Tool ex­
erts a nearly constant 
pressu re via compres­
sion of the sheath by a 
fixed amount. Pins hold 
the wheels on the cyl­
inder and the cylinder 
on the tangs of the 
handle. The cylinder 
and handle can be 
made of metal or plas­
tic. The sheath can be 
press-fit or glued to the 
cylinder. The end pins 
can be attached to the 
cylinder by adhesive or 
screw threads. 

Tang 

user rolls the sheath across the tape to 
apply the pressure for the collection of 
particles. The inspection for contamination 
is thus done under consistent, repeatable 
conditions. 

The pressure can be changed in either 
of two ways: 
• Changing the diameter of the wheels. A 

Handle 

Spacer 

smaller diameter increases the pressure, 
while a larger diameter decreases it 
(eventually reaching zero when the di­
ameter of the wheel matches that of the 
sheath). 

• Changing the thickness or the material 
of the sheath. For example, a stiffer foam 
rubber applies greater pressure for a 
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given distance of compression. 
This work was done by Eve Abrams 

Goddard Space Right Center. For fur­
ther information, Circle 20 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-

elusive license for its commercial develo/> 
ment should be addressed to the Patent 
Counsel, Goddard Space Flight Center 
[see page 16J. Refer to GSC-13230. 

Initiating Growth of Crystals Away From Container Walls 
Nucleation would be controlled to obtain better crystals. 

Marshall Space Flight Center, Alabama 

In a technique proposed specifically for 
growing large protein crystals in micro­
gravity (where there is no thermal convec­
tion), a small region of high supersatura­
tion would be created by injection of hot 

Less is more. Less parts, less assembly 
steps, less assembly time- all yield 
more productivity and more cost 
reductions. To achieve this, designing 
for assembly (DFA) is critical. 

PEM® products address this require­
ment. Just punch or drill a hole and 
press a PEM fastener into place. PEM 
self-clinching fasteners install per­
manently into thin sheets. There are 
fewer parts and fewer total pieces to 
handle during assembly. We offer 
threadless and multi-function fasteners 
to further meet your DFA needs. 
These include S AP-TOP® (shown in 
photo above) and KEYHOLE® stand­
offs which eliminate the need for quick 
alignment of mating parts, P.C. 
board fasteners and many others. 

concentrated solution or by use of a cold 
probe. The crystals would nucleate pref­
erably in this small region. It is also at least 
conceivable that this technique could be 
applied on Earth to crystallizations in melts 

for anyone who 
designs for assembly. 

For automated installation, our 
PEMSERTER® press quickly installs 
PEM fasteners to gain lower total 
assembly time. 

If you want less to give you more, 
contact us. We can show you how 
PEM fasteners and presses can help 
you meet your DFA needs. 

For your FREE condensed catalog, 
circle the number below. However, for 
a complete fastener specifications & 
design data catalog, 
call our toll-free 
number below. Or 
FAX us at 
215-956-0366. 

1-800-237-4736 
Penn Engineering & Ma.nuracturing Corp . • Box 1000. Danboro, PA 18916 

Clinch it with PE • 
..... -------- '.ITI.III.'.IIIII ~--------~ 

V . 1991 
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and solutions that are sufficiently viscous 
to suppress convection to the extent nec­
essary to prevent cooling-induced nuclea­
tion in undesired sites. 

Heretofore, nucleation in microgravity 
has typically been induced by COOling the 
walls of a growth chamber to cool a satur­
ated or nearly saturated solution in the 
chamber. Because the solution near the 
walls becomes supersaturated first as the 
cooling diffuses inward through the solu­
tion, many crystals form first on the walls, 
which undeSirably modify the growth of 
these crystals. Furthermore, the sizes of 
resulting crystals are undesirably limited 
because the solution is rapidly depleted 
of solute. 

In the first version of the proposed tech­
nique (see figure), a plunger controlled by 
a micrometer would force a drop of hot, 
highly concentrated solution from a reser­
voir into a body of less-concentrated (but 
nevertheless at least slightly supersaturat­
ed) growth solution. Provided that there 
was negligible convection and the thermal 
diffusivity was greater than the mass dif­
fusivity, the injected drop would cool and 
become highly supersaturated before its 
concentration could be reduced by diffu­
sion of mass into the surrounding less­
concentrated growth solution. Nucleation 
would then occur for a short time. After 
nucleation, diffusion of mass would cause 
the region of high supersaturation to dis­
sipate. The degree of saturation surround­
ing the nuclei of the crystals would then 
return to the ambient value, preventing fur­
ther nucleation. Diffusion-controlled growth 
of the few crystals nucleated in this region 

Nucleation of Crystals would be Induced 
in the growth solution by Injection of a 
drop of hot, highly concentrated solution 
to form a small , highly supersaturated 
region away from the walls. 
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would then proceed without interference 
from surfaces. 

In the second version of the proposed 
technique, a rod with cold tip would be in­
serted into the supersaturated growth solu­
tion. Nucleation would occur in the small 
region of cooled solution near the tip, and 
the growth of the resulting crysta~s) would 
deplete the solute from the region of the 
solution adjacent to the growing faces; this 

region would remain stable in the absence 
of convection. Provided that thermal diffu­
sion in the solution is faster than is mass 
diffusion (as is usually the case), the solu­
tion adjacent to the depleted region would 
cool and become highly supersaturated 
before mass diffusion depleted this part of 
the solution also. Nucleation would then oc­
cur in this region, the effect being similar 
to that of the hot-fluid-injection technique. 

This work was done by Roger L Kroes, 
Donald A. Reiss, and Sandor L LEhoczky 
ot Marshall Space Right Center. For fur­
ther information, Circle 16 on the TSP Re­
quest Card. 

Inquiries conceming rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 16]. Refer 
to MFS-28473. 

Gradient Tempering of Bearing Races 
Fracture toughness is increased, and stress-corrosion cracking reduced. 

A gradient-tempering process could in­
crease the fracture toughness and the re­
sistance to stress-corrosion cracking of 
ball-bearing races that are made of hard, 
strong steels and that are subject to high 
installation stresses and operation in cor­
rosive media. This process could also be 
used in other applications in which local 
toughening of high-strengtMow-toughness 

Figure 1. Heat Applied Radially to the Bore 
of a bearing race causes gradient tem­
pering, which increases its resistance to 
stress-corrosion cracking. 

Hardness, 
Rockwell C 

60 
60 
60 
60 
59 
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o.d. 

I.d. 

Figure 2. The Gradient Tempering of the 
bearing race is projected to yield this hard­
ness gradient. 
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RADIOGRAPH 
Radiography is just one of the many applications possible 
with Keve! X-RAY's patented portable X-ray source, the PXS. 

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

Some new products to date include: 

• A portable real-time imaging system for detection 01 tampered 
products in the field 

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

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

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

Designed, manufactured, and sold only by Kevex X-RAY. Call or write 
Kevex X-RAY today lor information on our complete line 01 portable 
sources including the 10 micron focal spot PXS. 

keJlex X-BAY 
P.O. Box 66860 
Scotts Valley, CA 95066 408-438-5940 
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materials is required. This toughening re­
duces the strength of the toughened re­
gions, but provided that it is properly local­
ized, it should not significantly degrade the 
load-carrying capacities of the treated 
parts. 

The gradient-tempering process was 
conceived for use on the races of bear­
ings in a turbopump in the Space Shuttle 
main engine. Heretofore these races have 
been processed in a manner that has re­
mained basically unchanged for many 
years. They have been machined, austeni­
tized, tempered, and low-temperature­
soaked, then subjected to a final tempering 
operation. These typical thermal treat­
ments impart uniform hardnesses through 

the thicknesses of the races. Unfortunate­
ly, the typical uniform hardness of 60 Rock­
well C entails susceptibility to failure tn two 
modes: stress-corrosion cracking and the 
growth of precritical cracks and other 
defects. 

The most effective way to protect a bear­
ing race or other part against failures in 
these modes is to increase its fracture 
toughness and decrease its strength in 
such critical regions as sharp corner radii 
and the inner surfaces of holes. This is ac­
complished by the gradient-tempering op­
eration (see Figure 1), in which a highly 
localized intense flux of heat is used to 
bring about localized tempering without af­
fecting the surrounding bulk of the material 

and without causing such damage as 
melting or the growth of grains in the 
tempered section. The flux of heat is direc­
tional and can be provided, for example, 
by a laser, or by an electromagnetic­
induction device. Figure 2 shows the pro­
jected hardness gradient of the race of 
Figure 1 after tempering by this process. 

This oork was done by Richardson A. 
Parr of Marshall Space Flight Center. 
For further information, Circle 115 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 16]. Refer 
to MFS-28496. 

~~ Ultrasonic Device Would Open Pipe Bombs 
A conceptual device would safely remove end caps. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A proposed piezoelectric vibrator would 
assist in disabling homemade pipe bombs 
with little or no risk of explosion. Clamped 
to the ends of the bomb, the device would 
send high-frequency, low-amplitude sound 
waves into a threaded cap (see figure). The 
waves would generate fatigue cracks at 
the roots of the pipe thread. The cracks 
would grow and sever the threaded end 
from the pipe body. The caps could then 
be safely removed. 

Almost all pipe bombs include steel pipe 
and end caps purchased at hardware 
stores. In a typical bomb, an explosive or 
conflagrating material is placed in the pipe, 
the caps are screwed on, and a detona­
tion fuze is inserted through a hole in one 
of the caps. Bomb-disposal technicians 
disarm the bomb by removing the fuzed 
cap. Currently, they do this by obliquely 
directing a water jet or a slug of dental 
amalgam and steel shot at a point on the 
edge of the fuzed cap. This shears the pipe 
at the thread. However, it produces a sud­
den, large deformation at the point of im­
pact that can easily transmit a stress pulse 
that detonates the bomb material. 

The piezoelectric transducer in the pro­
posed disabling device would vibrate at an 
ultrasonic frequency that would resonate 
only the steel shell, not the material inside. 
The approximate frequency would be cal-

culated from the dimensions and geome­
try of the standard piping parts used in the 
bomb. This calculation is expected to be 
within 5 percent of the proper value. The 
device would scan frequencies within this 
range and sense the resonance; it would 
then hold this resonant frequency until the 
pipe breaks. The best position for the 
transducer would also be determined from 
the geometry of the piping. 

Before energizing the transducer, the 
bomb technician would attach a preload­
ing mechanism to apply an outward force 
on the caps. The force would eject the 
fuzed cap from the explosive material at 
the moment of fracture. 

Composite-Material Airflow Vane 

A Piezoelectric Ul­
trasonic Trans­
ducer, energized by 
a frequency genera­
tor and a power sup­
ply, would vibrate the 
shell of a pipe bomb 
while hardly disturb­
ing the explosive in­
ner material. Fre­
quency-control cir­
cuitry would sense 
resonance in the 
shell and hold the 
generator at that fre­
quencytoinducefa­
tigue cracking in the 
threads of the end 
caps. 

In addition to its use in disarming bombs, 
ultrasonically induced fatigue may have 
other applications. In manufacturing, it 
might replace some machining and cut­
ting operations. In the repair of equipment, 
it could cleanly and quickly disassemble 
corroded parts. In the demolition of build­
ings it might be used to dismember steel 
framework safely and controllablv. 

This work was done by Michael S. EI­
Raheb, Marc A. Adams, and James G. 
Zwiss/er of Caltech for NASA's Jet Pro­
pulsion laboratory. For further informa­
tion, Circle 107 on the TSP Request Card. 
NPO-17951 

A lightweight replacement for a balsa-wood part produces more-consistent results. 
Langley Research Center, Hampton, Virginia 

.. Alpha/beta" lightweight instrumenta­
tion vanes made of a compoSite of pheno­
lic, epoxy. and fi berg lass are stronger and 
more accurate than are conventional 
vanes made partly of balsa wood. The 
vanes are used for measu ring the direction 
of airflow over aircraft surfaces during 
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flight testing. The older, balsawood vanes 
were difficult to fabricate, broke easily, and 
changed in weight and shape as tempera­
ture and humidity varied, yielding unre­
liable data. 

A vane of the new type coosists of a 
sandwich of phenoliC honeycomb between 

fiberglass skins. Each skin is molded from 
two layers of O.e015-in. (O.038-mm)-thick 
fiberglass cloth with the weave oriented at 
45 0 to the longitudinal axis of the vane. The 
honeycomb structure, which is 1/8 in. (3.2 
mm)thick and has cells spaced 3/16 in. (4.8 
mm) center to center, is bonded to the 
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skins with epoxy adhesive. 
Fabrication begins by placing the dry 

fiberglass cloth layers into the prepared 
mold cavity and carefully wetting the glass 
with epoxy resin. A silicone rubber plunger 
is used to apply pressure until the resin has 
cured. The honeycomb is then bonded to 
the skin surface with epoxy resin and 
allowed to cure. The next step is to remove 
the workpiece and bond it to the remaining 
cured skin with epoxy resin in a similar 
manner. A steel stem is bonded to the vane 
with epoxy adhesive. Finally, an over-wrap 
of 0.0015-in (O.038-mm) fiberglass cloth is 
applied around the stem and vane with 
epoxy resin (see figure). 

The fabrication time for the nevll vanes is 
far less than for the old ones. because it is 
no longer necessary to select balsa wood 
manually to ensure the quality of the 
material. Moreover, many vanes can now 
be made at once in a gang mold. 

The all-synthetic'material vanes absorb 
little or no moisture and thus provide more 
repeatable measurements. Because they 
weigh about the same as balsa vanes do, 
no instrumentation changes are needed. If 
a vane should break away from its stem, it 
is not likely to damage an aircraft engine if 

This Airflow Vane on a Stem has a phenolic honeycomb core sandwiched between fiber­
glass/epoxy skins. Its dimensions are 4.750 x 2.375 in. (120.6 x 60.3 mm). 

ingested; it will more likely crumble into patent application has been filed. Inquiries 
low-density particles that pass through concerning nonexclusive or exclusive 
without causing harm. license for #s commercial development 

This wrk was done by ThomasL Vranas should be addressed to the Patent 
of Langley Research Center. No further Counsel, Langley Research Center [see 
documentation is available. page 16]. Refer to LAR-14192. 

This invention is owned by NASA, and a 

Microwave Levitation of Small Objects 
Feedback control and an atmosphere would not be needed. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
Microwave radiation in resonant cavities 

would be used to levitate small objects, 
according to a proposal. This technique 
was conceived for use in experiments on 
the processing of materials in the low gra­
vitation of outer space, but it could also 
be used in normal Earth gravitation, albeit 
under some limitations. 

In principle, almost any electrically p0-

larizable material could be levitated by mi­
crowaves. Unlike In magnetiC or electro­
static levitation, no feedback control system 
would be required to keep the levitated 0b­
ject at a position of stable equilibrium. Un­
like in acoustic levitation, it would not be 
necessary to maintain an atmosphere of 
a particular gas at a particular temperature 
and pressure in the levitation chamber; in­
deed, under many conditions it could be 
preferable or even essential to maintain a 
vacuum in the chamber. 

The principle of microwave levitation is 
reminiscent of that of acoustic levitation 
in that the time-averaged square of the 
magnitude of the electric field plays a role 
analogous to that of the lime-averaged 
square of the acoustic pressure. A small 
object that has an electric permittivity 
greater than that of the atmosphere (this 
is always true if the atmosphere is a 
vacuum) experiences a net time-averaged 
dielectrophoretic force in the direction of 
Increasing magnitude of electric field; 
more specifically, the time-averaged force 
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is proportional to the gradient of the time­
averaged square of the electric field. 

Exploiting this principle, the dimensions 
of the levitation chamber, the frequency 
of the microwave Signal, and the method 
of coupling the signal into the cavity would 
be chosen to excite a resonant electro­
magnetic mode or modes in which there 
would be at least one position, away from 
the walls, from which the magnitude of the 
electric field would decrease In all direc­
tions. Such a position can be found by 
analysis of the electromagnetic modes of 
the chamber. A particle that was Initially 
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The Maximum Restoring Accelerations 
of levitated 1-mm spheres of water and 
sapphire were calculated as functions 
of the maximum microwave elect ric field 
in a 1o-cm cubic cavity. 

placed at this position and that started to 
drift away would be driven back to the 
position by the restoring gradient force. 
Thus, no feedback control would be nec­
essary to maintain stable equilibrium. 

The problem has been analyzed theo­
retically for a cubic cavity 10 cm on each 
side, with a levitated drop of water or par­
ticle of sapphire 1 mm in diameter. The 
figure shows the calculated maximum 
restoring acceleration as a function of the 
maximum electric field in the chamber. 
With superconducting chamber walls, one 
can achieve electric fields of about 107 

VIm, for which the restoring acceleration 
is of the order of normal Earth gravitation. 
Thus, it should be possible to test the 
technique on Earth. 

In practice, the usable electric field will 
probably be limited by dielectric break­
down of the gas Of any) in the cavity and/or 
by microwave heating of the levitated 0b­
ject. Other considerations in the design of 
experiments include the choice of shapes 
and modes of the chamber to obtain 
steeper field gradients, the use of a fre­
quency at which heating would be mini­
mized, the use of superconducting cham­
ber walls to obtain higher fields and/or 
decrease the required power, and forces 
on levitated objects of finite size and com­
plicated shape_ 

This wrk was done by John L Watkins 
and Henry W Jackson of Caltech for 
NASA's Jet Propulsion Laboratory. 
For further information, Circle 35 on the 
TSP Request Card. NPD-18006 
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Polynomial Transformations for Discrete.:rime Linear Systems 
Procedures for least-squares best-fit approximations have been developed. 

Ames Research Center, Moffett Field, California 
Transformations based on polynomial 

matrices of finite degree have been devel­
oped for use in computing functions for 
the compensation, inversion, and approx­
imation of discrete-time, multivariable, linear 
systems: These transformations are appli­
cable to cascade-compensation problems 
in the design of control systems. In such 
a problem, one system is cascaded with 
another represented by a polynomial trans­
fer matrix to obtain a third system that 
behaves as desired. Mathematically, this 
amounts to finding the polynomial transfer­
function matrix ("transfer matrix" for short), 
which, when convolved with the transfer 
matrix of the system, yields the desired 
transfer matrix, exactly or approximately. 

nie transformation method is derived 
from the z-transform transfer-function form 
of the matrices. The first step is to pre­
scribe a measure of the difference be­
tween the convolution and the desired 
transfer function (the "approximation er­
ror"). This measure is called the " L2 
norm," and the equation that describes it 
is manipulated into a form in which the 
least-squares approximation can be ap­
plied to obtain a global optimum (a mini­
mum of the approximation error) with re­
spect to the coefficients of the polynomial 
transfer matrix. The result of this manipula· 
tion is a linear matrix equation called the 
"normal equation," which is similar to the 
equation of the same name that arises in 
the filtering problem. 

The coefficients of the normal equation 
and the minimum approximation error are 
expressed in closed, explicit forms that 
can be shown to be the weighting patterns 
of various linear systems. These systems 
can, in turn, be used in the recursive solu­
tion of the normal equation to obtain the 
coefficients of the desired polynomial trans­
fer matrix. 

For example, suppose that the problem 
is to compensate a single-inputlsingle-out­
put system that has the transfer function 

) 
(Z+0.2)(z-0.5 ±0.2j)(Z+0.02 ±0.1j) 

O(z = ----------
(z-0.2)(z+0.1)(z+0.6 ±0.3j )(z-0.1 ±0.3j ) 

by a polynomial compensator q,{z) so as 
to approximate a system that has the de-
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sired transfer function. 

TI(z) = 1 
(z+ 0.3521)(z - 0.8521) 

The figure illustrates the impulse respons­
es of the given system O(z), the compen­
sated system O(z)q,{z), and the desired sys­
tem TI(z); as it ctearly shows, the response 
approaches the desired response as the 
degree of the polynomial increases. 

This work was done by Yoram Baram 

!! 
2 

C 

of Ames Research Center. Further infor­
mation may be found in NASA TM-100027 
[NBB-12344], "Polynomial Compensation, 
InverSion, and Approximation of Discrete­
Time Linear Systems." 

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-12204 
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Parallel·Processing 
Algorithms for 
Dynamics of 
Manipulators 
Inertia matrix is computed 

more efficiently. 

NASA's Jet Propulsion 
Laboratory, 

Pasadena, California 

A class of parallel and parallel/pipeline 
algorithms is presented for more efficient 
computation of the manipulator inertia ma­
trix. Efficient computation of the inertia ma­
trix Is essentiaJ b" irrplementing the acMmced 
dynamic control schemes as well as the 
dynamic simulation of the manipulator m0-

tion. At the present, however, the fastest 
serial algorithms for computing the inertia 
matrix are far from adequate for efficient 
real-time dynamic control and simulation. 
Hence, the exploitation of parallelism in the 
computation of the inertia matrix is the key 
factor in achieving the required efficiency. 

The parallel algorithms are derived based 
on a new algorithm for computing the iner­
tia matrix, the Composite Rigid-Body Spatial 
Inertia algorithm, which, compared to the 
previous algorithms, incorporates less data 
dependency in the computation and hence 
provides a greater efficiency for paral­
lelization. liNo parallel algorithms are devel­
oped that achieve the time lower oound of 
0(Iogtl)+0(1j in the computation with 
O(ff) processors. These algorithms are 
deSignated as the First Parallel Algorithm 
and Second Parallel Algorithm (FPA and 
SPA). The architectural requirements, i.e., 
synchronization and communication mech­
anisms, for the implementation of these al­
gorithms on a two-dimensional array of 
n(n+1)12 processors are analyzed. It is 
shown that, while the FPA achieves a bet­
ter computational complexity, the SPA re­
quires a much si~ intercooneclion struc­
ture. 

Mapping the FPA and SPA on a linear ar­
ray of n processors with a nearest-neighbor 
interconnection results in two new algo­
rithms designated as the First and the Sec­
ond Architecture-Dependent Algorithm 
(FADA and SADA) with the computational 
complexity of O(nlogtJ)+0(1ogzl)+0(1). It 
is shov-m that the FADA is more efficient 
than the SADA, which implies that the FPA 
is more suitable than the SPA for ifll)lement­
ing on a linear array. 

A ParallelJPipeline Algorithm (PPA) is also 
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Polaroid's Ultrasonic 
Ranging System 
opens the door 

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

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

Get a $2 Million Head Start. Polaroid spent over $2 million developing the Ultrasonic Ranging 
System. But now you can get this technology in our Designer's Kit for only $165* . To order your 
Designer's Kit. please send a check or money order for $165 for each kit, plus all applicable state 
and local taxes, to: Polaroid Corporation, Ultrasonic Components Group, 119 Windsor Street, 
Cambridge, MA 02139. Questions? Call Polaroid'sApplications Engineers at 617-5n-4681 . 

__ Please send me __ Designer's Kit(s). 
__ Please send more Information. 

I Name _______________ _ 

I TiUe _____________ _ 

I COmpany ____________ _ 

I Address ; I 
I City State __ Zip PolarOid ; I 
L ,pndngsubjecl10 cIIange_ . __________ ·~Kf'.·s~·4P"S~·~ ~ 

PLEASE VISIT US AT SENSORS EXPO BOOTH M547 
Circle Reader Action No. 685 111 



developed with computational complexity 
of O(n)+0(Iogt1)+0(1), which represents 
the fastest computation time for evaluating 
the inertia matrix on a one<limensionallin­
ear array of n processors. Compared to the 
FPA which achieves the best computation 
time on a t'M>-Ciimensional array of n(n+ 1)12 
processors, the PPA achieves a slightly 
smaller speedup but a significantly greater 
efficiency. Given this performance and the 
simple architectural requirements, the PPA 
represents an attractive alternative for ex­
ploiting concurrency in computing the in­
ertia matrix. The computational costs of dif· 
ferent algorithms are presented in the table 
where m and a represent the cost of multi· 
plication and addition, respectively. axl de­
notes the smallest integer greater than or 
equal to x; x· = x if x = 2"l, and x· = 
2"l if 2"l>X>2"l- 1.) The speedup and effi· 
ciency of different algorithms (for n = 6) 
are also evaluated and presented in the 
table. In this evaluation, the cost of multipli­
cation and addition is taken to be the same. 

COMPUTATION COST 

AlGORITHM SPEEDUP EFAClENCY 

GENERAl n = 6 PERCENT 

SA ((912)172 + (23112)n -181)m + 664m+535a 1 100 
(4rJ2 + san -137)a 

FPA (48m + 638) rlog2'11 + (100m + 65a) 246m + 255a 2.40 12 

SPA (54m+69a)rlog2'11 + (94m + 69a) 258m+264a 2.28 11 

FADA (3a)nrI092'11 + (9m + Ba)n - (3a)n* + 
(48m + 00a) r 1092'11 + (64m + 42a) 

258m+295a 2.13 36 

SADA (6m + 9a)nrlog2'11 + f3m + 2a)n - (6m + 
9a)n* + (48m + 00a) log2'11 + (70m + 48a) 

294m+331a 1.93 32 

PPA (9m + Ba)n + (48m + 638) r log2'11 + 261m+273a 2.32 39 
(58m+24a) 

Comparison of Serial, Parallel, and ParalielIPlpeline Algorithms is shown for quick reference. 
Here SA is Serial Algorithm; FPA is First Parallel Algorithm; SPA is Second Parallel Algorithm; 
FADA is First Architecture-Dependent Algorithm; SADA is Second Architecture Dependent 
Algorithm; and PPA is Parallel/Pipeline Algorithm. 

This work was done by Amir Fijany and 
Antal K. Bejczy of Ca/tech for NASA's Jet 
'Propulslon Laboratory. For further infor-

mation, Circle 92 on the TSP Request Card. 
NPD-17718 

Transfer Functions via Laplace- and Fourier-Borel Transforms 
A new approach could simplify the solution of nonlinear differential equations. 

Ames Research Center, Moffett Field, California 

An approach to the solution of nonlinear 
ordinary differential equations involves 
transfer functions that are based on the 
recently-introduced Laplace-Borel and 
Fourier-Borel transforms. In general, the 
solutions to such equations are represent­
ed by nonlinear functional expansions that 
are analogous to Fourier-series or Fourier­
integral expansions of the response func­
tions of linear systems. These nonlinear 
functional expansions can be summarized 
by the new transforms, so that the respons­
es of nonlinear dynamical systems can be 
expressed in terms of transfer functions 
that are analogous to those of linear sys­
tems. 

The Laplace-Borel (LB) and Fourier­
Borel (FB) transforms of the function f(t) are 
given by 

DO 

LB[f(t)] = F(xo) = xo1 .fo -tlxof(t)dt 
o 

and 
DO 

FB[f(t)] = F(j(J) = jfJ .fo -j{Jtf(t)dt 
respectively. - DO 

The Laplace-Borel transforms can also 
be summarized as operators that one can 
obtain from the Laplace transforms F(s) as 
follows: 

IsF(s)l s = xo' 

except that the algebra on the noncom­
mutative variable Xo is richer. In addition to 
the Cauchy product, there is the shuffle 
product, which provides the mechanism to 
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IC ~1(tJ R -'-c -- • Rn(ln) 

The Laplace-Borel Transfer-Function Ap­
proach can be used to analyze the re­
sponse of this circuit to the input current /(t) 
(where t = time). The equations that 
describe the behavior of the circuit are 
nonlinear because the resistance Rn varies 
with the current in flowing through it. 

take care of the nonlinear terms. The con­
nection between the Laplace and Fourier 
transforms is analogous to that between 
the Laplace-Borel and Fourier-Borel 
transforms. One can generalize the La­
place-Borel transforms to Fourier-Borel 
transforms in the same way that Fourier 
transforms are generalized from Laplace 
transforms. 

The main theorem of the new approach 
gives the transform of the response of a 
nonlinear system as a Cauchy product of 
its transfer function and the transform of 
the input function of the system, together 
with memory effects. First, the transfer 
function, G, of the system is obtained from 

the Laplace-Borel transform of the nonlin­
ear differential equation of the system. 
Next, the Laplace-Borel transform is taken 
of the input function plus initial conditions 
of the response plus the higher-order 
derivatives of the initial response. Then the 
Laplace-Borel transform of the response of 
the system is the Cauchy product of the 
two foregoing transforms. 

The new aw-oach can be used, for exam­
ple, to determine the responses of electrical 
circurts that contain variable inductances or 
resistances (see figure). One attractive 
feature of this approach is the possibility of 
doing all of the noncommutative algebra 
on computers in such symbolic program­
ming languages as Macsyma, Reduce, 
PL1, or Lisp. The process of solution could 
be organized and possibly simplified by 
algebraic manipulations that reduce the 
integrals in the solutions to known or 
tabulated forms. 

This work was done by Sumer Can, 
graduate student at Santa Oara University, 
and Aynur Unal of Ames Research Cen­
ter. Further information may be found in 
NASA TM-100034 [N90-108281 "Transfer 
Functions for Nonlinear Systems via 
Fourier-Borel Transforms." 

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-12295 
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Portable Video/Digital Retinal Funduscope ~.4 
An inexpensive instrument can be operated with minimal training, under hospital or field conditions. 

Lyndon B. Johnson Space Center, Houston, Texas 
A lightweight, relatively inexpensive elec­

tronic and photographic instrument has 
been developed for the detection, monitor­
ing, and objective quantification of ocularl 
systemic disease or physiological altera­
tions of the retina, blood vessels, or other 
structures In the anterior and posterior 
chambers of the eye. The instrument can 
be operated with little training. It can func­
tion with a human or animal subject seat­
ed, recumbent, inverted, or in almost any 
other orientation; and in a hospital, lab­
oratory, field, or other environment. The in­
strument produces video images that can 
be viewed directly andlor digitized for si­
multaneous or subsequent analysis. It can 
also be equipped to produce photographs 
andlor fitted with adaptors to produce ster· 
eoscopic or magnified images of the skin, 
nose, ear, throat, or mouth to detect lesions 
or diseases. 

The instrument is an assembly of com­
mercially available eqUipment, some of 
which has been modified slightly to make 
it compatible with the other equipment and 
the overall design. One major component 
is a portable fundus camera with lenses, 
filters, and prisms as required for various 
viewing configurations. The image pro­
duced by the fundus camera is either 
recorded on 35-mm film or sensed by a 
low-light·level charge-coupled-device 
«x;O) video camera (see figure). The other 
major components are an electronic view­
finder, a video monitor for viewing in real 
time, and a computer that digitizes the 
video image. 

Equipment to stabilize the subject's 
head is included, but the instrument can 
be operated without such stabilization. The 
operator can adjust the focus on the fun­
dus camera while viewing through an eye­
piece, using either the 35-mm-film-<:amera 
attachment or looking directly at the elec-

tronic viewfinder mounted on the (X;O 
camera. When the desired image is ob­
tained, the camera is secured in place. Ex­
citation and barrier filters can be inserted 
into the fundus camera for fluorescein 
angiography. The images from the (X;O 
camera can be directly digitized by the 
computer for storage or transferred via 
telephone lines, computer networks, or 
satellite to remote locations. 

By providing for the digital analYSis of 
images, the instrument helps phYSicians 
to compare sequential Images from a 
given patient to detect subtle disease pro­
greSSions earlier. In addition, the acquisi­
tion of images as digital information fa­
cilitates storage, transfer, and manipulation 
to enhance features of interest. It also en­
ables extensive analyses of images, in­
cluding quantitative analyses of the diam­
eters of blood vessels and the detection 
and monitoring of changes in retinas 

The Portable Fundu­
scope has a modular de­
sign. The extension hous­
ing, video camera, and 
electronic viewfinder can 
be removed and replaced 
with a 35-mm film cam­
era. The fundus camera 
can be equipped with a 
variety of lenses, prisms, 
and the like. 

caused by hypertenSion, diabetes, athero­
sclerosis, vasculitis, uveitis, macular de­
generation, glaucoma, and infections. The 
instrument can be upgraded easily as ad­
vanced sources of light, optical equipment, 
(X;O cameras, computers, and image­
analyzing computer programs become 
available. 

This work was done by Gerald R. Taylor 
of Johnson Space Center; RIchard 
Meehan of the University of Colorado; and 
Norwood Hunter, Michael Caputo, and C. 
Robert Gibson of Krug International. For 
further information, Circle 37 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 develo/> 
ment should be addressed to the Patent 
Counsel, Johnson Space Center [see page 
16]. Refer to MSC-21675. 

Ultrasonic Device Monitors Fullness of the Bladder 
A self-contained, portable, battery-powered unit is specifically tailored for each patient. 

Langley Research Center, Hampton, Virginia 
An ultrasonic device that monitors the 

fullness of the bladder is self-contained, 
lightweight, portable, powered by a battery, 
and tailored for the specific patient through 
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software that can be modified as the pa­
tient's behavior changes. The monitor es­
sentially quantifies the amount of urine in 
the bladder by measuring the relative dis-

tension of the bladder and then gives a 
suitable alarm that tells the patient to elimi­
nate. The device is intended for use in train­
ing people who are incontinent and can­
not identify when elimination is necessary. 

Previous bladder sensors fall into two 
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Noise problems? 
Soundmat PBMTM is the 

greatest tbing 
since sliced bread. 

Soundcoat's exclusive is made with a sheet 
of thin flexible limp mass sandwiched between two layers of 
foam to provide absorption, transmission loss and isolation. It 
has excellent resistance to oxidation, UV light and weathering. 
And our flexible plastic barrier meets UL·94V-O. fur outdoor 
applications, aircraft, vehicles, business machines and EDP, 
generators, compressors and health care equipment. 

SOUNDMAT PBM from Soundcoat. A great w~ to stop 
noise. No matter how you slice it. 
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~ •• Iel;.ti~.i.~.~ 
Ooe Burt Drive. Deer Park, NY 11729 516-242·2200 
3002 Croddy Way. Santa Ana. CA 92704 714-979-9202 

Send for your free noise control bulletin no. 719, toda}t 

Clrcl. R •• der Action No. 438 

Flexible Thermofoil'M 
Heaters 

FOR M ======~I 

Aero pace • Medical instrumentation 
Commercial appliances • Proce ing equipment 

FUNCTION 
Put heal where you need it. Etched·foil heaters offer more power for 
faster warmup, greater unifonnity, and unlimited design options. 
• Kapton, ilicone rubber, polyester, • Power ratings to 110 W lin', 

and mica insulation for use as uniform or proftled 
high as IIOOOF (593°C) • ill, ASA approvals 

• Integral sensors; complete assemblies 

7300 Commerce Ln. MIN CO Minneapolis. MN 
55432·3177 USA 

PRODUCTS , INC . 

PM. 6121571·3121 
Telex: 687·9025 
FAX 6121571·0927 

Circle R •• der Action No. 308 

~::. III I~Bladder ~ 
Tranaducer 

Detected 
Echo 

Proc •• aad 
Echo 

Waveform 

BllI1klng: Wa .. form From Thl. 
Period Not Proc •• aad 

TIme 

~present.t1ve 
Ayerage ::: 9 
Rep,._taU .. 

.... - ............... ""'---= ............ ~TI~m. Sum = 12 
BLADDER NEARLY EMPTY 

Front·Wall 
Echo 

Representative 
Average = 18 
Representative 
S<Jm = 25 

II I11 

BLADDER FUll 

Back·Wall 
Echo 

Rep,.....".tI .. 
Average = 30 
Representative 
S<Jm = 60 

Ultrasonic Echoes are processed to detect characteristic echo wave· 
forms that signify distension of the bladder. 

classes: simple and elaborate. The simple category includes 
the wetness detector, which alarms the patient when urine is 
present. The wetness detector provides an alarm after the fact 
and has not proven to be very effective as a training aid. It can 
also be mistriggered by sweat. The second class of sensors 
includes the clinical ultrasonic scanner. Such an instrument 
requires considerable expertise to operate and is too bulky 
and expensive to serve as a personal training aid. All of 
the previous bladder sensors lack the adaptability to cope with 
the problems of ambulatory and widely variable patients. 

The present monitor is also based on ultrasonics but 
processes the data in a different way to achieve the desired 
results. It includes a digital electronic system that tracks the 
trends of three different parameters, analyzes signatures. 
and computes a weighted sum to produce a numerical value 
that characterizes the relative distension of the bladder. Once 
that value has been derived. it can be compared to an alarm 
value, selected by the user, that signifies fullness and at which 
the device indicates the need to void. The activity of the 
bladder and personal habits of the individual are used to 
customize the software and the ultrasonic sensor to that 
individual. All of the control functions are made adjustable by 
the user or caregiver to enable optimization. 

The monitor includes an ultrasonic transducer that is 
excited by a pulser/receiver under the command of digital logic 
circuitry. An acoustic wave of low power and frequency is 
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launched into the abdominal area of the 
patient. The wave interacts with the wall 
of the bladder, is reflected back to the 
transducer, and is then amplified and 
detected by the receiver. The resulting 
signal is digiti~ed and stored. 

These signals are averaged in groups 
over time, and the trend of the sums is 
taken to be an indication of the distension 
of the bladder. Various alarms are avail­
able, depending on the preference of the 
user. The electronics package includes cir­
cuitry that can alert the patient with a va· 
riety of stimuli including tactile output (vi­
brator), visual output (light-emitting diode 
mounted on eyeglasses), and audible out­
put (earphone or buzzer). The monitor can 
also transmit a radio-frequency output to 
a remote receiver monitor. 

The operation of the monitor is shown 
in the figure, which is split into three sec­
tions: bladder nearly empty, bladder filling, 
and bladder full. Each section shows a 
simplified diagram of the bladder at the 
top, the resulting waveform of the acous­
tical echo in the middle, and the digitally 
processed and weighted waveforms at the 
bottom. As the bladder fills, the returning 
echoes display a characteristic pattern of 
movement and change. The proceSSing 
accentuates the pattern as it relates to the 
filling of the bladder. Once this has been 
done, the energy content of each scan of 
128 readings is summed into a single nu-

merical value, and this value is used to in­
dicate the distension of the bladder. 

Because this monitor is not designed 
to form an image of the bladder, it is much 
smaller and far less complicated and ex­
pensive than commercially available ultra­
sound scanners are. The entire electronics 
package is worn by the patient with the 
transducer in a flexible, nonobtrusive belt. 
Inasmuch as this monitor includes a mi­
crocomputer, it is "smart" enough to ex­
tract only the useful information from the 
ultrasonic echos. Because the monitor has 
built-in features that provide a large num­
ber of selectable variables, it can be cus­
tomized to the individual user more easily 
than any previously available bladder mon­
itor could be. The device turns itself off be­
tween readings to prolong the life of the 
battery. 

This work was done by Joseph S. 
Heyman and Ti"avis Blalock of Langley 
Research Center; John A. Companion of 
PRC Kentron, and AI Cavalier and Beth A. 
Mineo of the Association for Retarded 
Citizens. No further documentation is 
available. 

This invention has been patented by 
NASA (US. Patent No. 4,852,578). Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent 
Counsel, Langley Research Center [see 
page 16J. Refer to LAR-13689. 

Ultra.:ror~ Fittings for vacuum-tight 
conn ctions on glass, metal, or pia ic tu 'ng 
• Variety of configurations 
• Sizes 1/16" to 1-1/2" 
• 316 stainless steel 
• Temperatures to 232°C (450°F) 
Immediately available from your local 
Authorized Sales & Service Representative 

Can be connected / disconnected 
repeatedly without affecting 
seal performance 

CAJON Company 
9760 Shepard Ad 
Macedonia, OH 44056 

A S WAGE LOK COMPA NY 
Circle Reader Action No. 378 

INLINE FILTERS for removal of system 
contaminants as small as 0.5 micron 
• Maintain system purity 
• Protect instruments and other components from 
particulate contamination 
• Sintered and strainer elements from 0.5 to 440 micron -
replaceable or cleanable 
• All-metal construction - brass or 316 stainless steel 
• Corrosion-resistant 
• Compact designs- sizes 1/8" to 112" 
• Pressures to 6000 PSI; temperatures to 9OQ°F 
• Choice of end connections - gageable SWAG E LOKe Tube 
Fittings, CAJON VCR metal gasket face seal fittings, NPT, weld 
Immediately available {rom your local Authorized Sales & Service RepresentatiVe. 

~NUPRO 
NUPAO Company 
4800 East 345th Sl. 

A SWAGELDK' COMPAN~ Willoughby, OH 44094 

Circle Reader Action No. 379 

~:..~--
Cl 1915 SwooeIc* to , " ngIUs.-~3-061 

Circle Reader Action No. 366 
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~~ Computer-Driven Keratometer 
A simple optical system would measure 
corneal deformations. 
NASA 's Jet Propulsion Laboratory, 
Pasadena, California 

A proposed instrument would measure deformations of the 
surface of the cornea. The keratometer would assist in the 
rapid diagnosis of eye ailments and preparation of the cornea 
for surgery. Unlike instruments now available, the proposed 
unit would not require critical alignment with the eye ; its results 
would therefore be more reliable, and itwould be easier to use. 

Through a lens-and-reticle system, the instrument would 
project a series of rings on the subject's eye and capture the 
reflected rings with a video camera (see figure). It would 
superimpose a computer-stored reference image (of how the 
reflection of the reticle from a correctly shaped version of the 
cornea should look) on the actual image reflected from the 
subject's eye. In the absence of deformation of the cornea, the 
rings of the real and reference images would coincide. If the 
cornea were deformed, some or all of the rings would be 
displaced. The computer would analyze the displacement to 
determine the amount of deformation and would control a 
display of the shape of the cornea. 

The optical portion of the proposed instrument would differ 
from that of standard keratometers by having only one reticle 
instead of two. Therefore, the optical system would be much 
simpler. In addition , the operator would not have to align the 
images manually: the computer would determine the center of 
the reflected ring pattern and would place the center of the 
reference ring pattern on it. Fringes from misalignment-a 
substantial problem with standard keratometers-would be 
avoided; only those resulting from deformation would appear. 

This work was done by Edmund C. Baroth of Caltech for 

NASA's Jet Propulsion Laboratory. For further information, 
Circle 96 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 addressed 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-17079, volume and number of this NASA Tech 
Briefs issue, and the page number. 

Collimating 
Lena 

Quarter-Wave 
ptata Focusing 

Assembly 

...--... 

Mirror 

Eye 

A shuttered laser would briefly Illuminate the Subject's Eye through a 
reticle, thereby projecting concentric rings of light on the eye. Reflected 
by a beam splitter and mirror into a solid-state video camera, the ring 
pattern would be compared with a reference pattern by a computer. The 
laser would probably be of a helium/cadmium type with blue output. 

What You Donlt Know Can Hurt You! 
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If you're involved with Design VerificationfTest or Production 
Test, then you need to read The Test Industry Reporter and 
here's why! 

It enhances your knowledge of test technology 
It alerts you on testing advances slated for the future 
It can help you with your current and future test projects 
It can show you how to reduce costs and increase 
profits 

• It relieves you of doing tons of research work 

Published monthly, The Test Industry Reporter was founded to 
provide a practical source of information for Design Engineer­
ing Managers, Test Engineering Managers, Design Engineers, 
Test Engineers, and Sales Managers & Marketing Managers. 

The Publisher is Art DeSena, one of the leading experts on test 
technology for design verification and production test, and has 
over 30 years experience in the test industry. Presently President 
of ADS Associates, a consulting firm for test technology, Art 
DeSena was Publisher and Editor of Electronics Testmagazine 
and Director of Technical Programs for the ATE conferences for 
a period of 8 years. Prior to that, he was a Product Manager for 
a company that manufactured custom ATE systems for over 5 
years and spent 18 years as a Test Engineering Manager for a 
company that produced Radar & Sonar systems. 

Vendors can use The Test Industry Reporter to plan product 
development, identify the issues and needs of users, and de-

-
velop informed competitive strategies. 

Users will find tips on implementation and analyses of user trends 
vital to their own testing requirements. Twelve times a year, users 
will read how their peers are using test systems for Design Test 
through Production Test. 

r------------------
Please accept my subscription to · The Test Industry Reporte!" 
at the low cost of $195 (domestic) /$225 (foreign) for 12 monthly 
issues. 
Act Now and Save $20l! Send in your check or purchase order 
now and deduct $20 off the normal subscription price. Pay only 

$175 (domestic) and/or 0 $205 (foreign). 
Send your check (or enclose your company's purchase order) 
with the enclosed coupon (or your business card). 

Name: ____________________________________ __ 

Title: ______________________________________ _ 

Company: __________________________________ __ 

Address: __________________________________ _ 

City, State, Zip: ______________________________ __ 
Phone: ____________________________________ __ 

Send to: NASA Tech Briefs 
41 E. 42nd St., Suite 921, New York, NY 10017 
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New on the Market 
MSC/DYTRA 'M, a new computer 
program for analysis of high-speed 
nuid-structure interaction, is avail­
able from the Mac eal-Schwendler 
Corp., Los Angele~, CA. The pro-

1=============::;:::==---:::-==========1 gram is designed for analysi~ of 
short-lived event involving the In­
teraction of fluids and structures, 
and problems involving extreme 
deformation of materials. Typical 
applications include analyzing the 
innation and uniolding of airbags, 
and chemical and nuclear plant 
safety studies. 

Elexor Associates Inc. , Morris 
Plains, j, has introduced the LB-
386, a portable data acquisition 
system that offers acqu isition rates 
up to 100,000 samples per second. 
With full expansion, up to 128 ana­
log and 112 digital channels can be 
Simultaneously scanned. The sys­
tem's software supports Fourier 
analysis, auto-scaling, and statisti­
cal analysis, as well as all common 
math functions . 
Circle Reader Action Number 798. 

A 16-megabyte version of the 
SPARC CPU-l E VME single-board 
computer has been introduced by 
Force Computers Inc., Campbell , 
CA, bringing the power and soft-

I ware compatibility of a Sun work­
station running $unOS to the em­
bedded systems market. The CPU-
1 E/16 complements the current 
SPARC CPU-l E 4-MB product. 
Circle Reader Action Number 774. 

Circle Reader Action Number 782. 

A versatile scan converter offered 
by james Grunder & Assoc. tnc., 
Mission, KS, converts graphics or 
text into broadcast-quality NTSC or 
PAL TV standards. Its unique 16-
step flicker elimination circuitry 
ensures a sharp, flicker-free picture. 
Standard features include a zoom 
function, broadcast color encoder, 
sync generator, RS232 serial port for 
full remote control, and adjustable 
picture height and width for aspect 

I----------------l ratio correction. 
Circle Reader Action Number 796. 

Drysta'- CDP dry pumps from 
Edwards High Vacuum IntI., 
Wilmington, MA, provide reliable 
vacuum pumping in clean, particu­
late producing, and corrosive envi· 
ronments. They feature innovative 
nitrogen-gas·packed shaft seals, in­
direct cooling systems, and en­
hanced exhaust management. Ap­
plications include load lock cham­
bers, sputtering and evaporation 
systems, film deposition, photoresist 
stripping, and ion implantation. 
Circle Reader Action Number 778. 

The MCB-4 stepping motor control­
ler/driver board from Advanced 
Control Systems Corp., Hingham, 
MA, can simultaneously control 

I--__ ~-_-__ --__ __' four four-phase Slel-'ping motors. Spiral ~oftware, Brookline, MA, has 
The board, which can serve as an announced version 2.1 of EasyPlot, 

Galactic Industries Corp., Salem, independent controller or be con- an IBM PC-compatible software 
NH, has released ver ion 2.22 of its trolled by a host computer via a program that enables engineers and 
Lab Calc chromatography soft- serial port, provide stepping rates scientists to view and manipulate 
ware, which enables fast quantita- up to 10,000 step per second, with '--______ - _____ --1 large sets of numbers graphically. 
tive evaluation of chromatographic 16.7 million steps per move. Thp update offers exp<lnded mem­
sample~. A new mpthod editor pro- Circle Reader Action Number 780. A new line oi pen plotters from Ory support to handle more than 
vi des powerful method commands t--~------------, Houston Instrument, Austin, TX, 100,000 points and a windowing 
Including fleXible baseline override combines expanded memory capa- system to manage multiple graphs. 
commands, forced peaks, negative bilities, plot file compression, and Other new features include text-
peaks, and adv,lnced auto injector faster data transmission rates to sig- based and graphical editors, an 
control without operator Interven- nificantly reduce the time a com- enhanced curve-filting algorithm, 
tion . Advanced baseline correction puter takes to send a drawing file to dual axes, barcharts, and 3D scatter 
can subtract complex polynomial the plotter and then become avail- plots that rotate in realtime. 
baseline from data, and raw chro- able again for other work. The Circle Reader Action Number 792. 
matograms can be adjusted for run- DMP-160 series plotters support the I-------------~ 
to-run retention time differences. HP-GU2 plot language and offer 
Circle Reader Action Number 776. 11 K standard memory with op-

Aremco Products Inc., Ossining, 
NY, has introduced Ceramabond'M 

tional expansions to 1,2_5, or 4 MB. 
Circle Reader Action Number 794. 

671 , an alumina-ceramic-based ad- r----------~----l 
hesive with lemperature endurance 
to 1760· C. Resistant to .vibration, 
corrosion, and oxidation, the single­
component adhesive is ideal for 
industrial and aerospace thread 
locking applications. 
Circle Reader Action Number 790. 

The TDS 500 series of digitizing VMETRO, Houston, TX, has Intro­
oscilloscopes built by TektrOniX duced an SC I·equipped VMEbus 
Inc., Beaverton, OR, incorporates tracer thai enables eng meers to 
an intuitive graphical interface. create mas ive real-time audit trails 
high-speed acquisition system, ad- oj VMEbus traffic on disk. The audit 
vanced triggering, and multiproces- tr'lIls, cons1Stlng of potentially mil­
sor power. The scopes offer variable hons of bus tram,actlons, are stored 
record lengths of up to 50,000 In a U 'IX-compatible file format. 
points per channel, 8-bit vertical Apl-'Iication$ Include recording and 
resolution, 4 ns glitch capture, and plaYing back stem test scenarios, 

Electrim Corp., Princeton, j, has 
released a solid-stale electronic 
imager that enables direct digitiza­
tion of images al up to 754 x 488 
pixels. The EDC-l000HR mono­
chrome camera is compatible with 
an IBM PClXT/AT or equivalent and 
features high blue response, low 
dark current, wide dynamic range, 
antiblooming, pixel geometric fidel­
ity, and computer-controlled sub­
array scanning. 
Circle Reader Action Number 788. 

The first chip et designed specifi­
cally for the new Futurebus+ high­
performance computer bus stan­
dard is available from ational 
Semiconductor Corp., Santa Clara, 
CA. Futurebus+ is an open-archi­
tecture scheme that brings higher 
bandwidths to data communica­
tions within workstations, high-end 
PCs, mid-range computers, and 
larger systems. The new chip set 
includes a 9-bit data transceiver in 
latched and unlatched versions, a 
,handshake transceiver, a 9-bit dis­
tributed arbitration transceiver, and 
an arbitration controller. 
Circle Reader Action Number 800. 

1 % accuracy. On-board digilal sig- anal~sb and monitoring of real-time 
nal processing functions include system - and computer security 
waveform pass/fail testing, fast sig- mechanisms, and isolation of data­
nal averaging, and waveform math. driven bugs in large programs. 
Circle Reader Action Number 786. I Circle Reader Action Number 784 . • 

________ -i __________________ ~ ________________ ~ 
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New on the Market 
CADAM Inc., Burbank, CA. has re­
leased a ne\\ version of P- D 
Master De igner a oftware 
package for printed-circuit board 
design. Version 5.0 feature ex­

~;;;:;:;;;:;:;;;::;:=::;;;;;;~;:;;;;;;;;;;;;;;;;;;;;::;;;;;;;;;;;;;;;;:=============1 tended DOS memory to handle 
large design and to provide room 
for local area network (LAN) de­
,igns. Other enhancement include 
user-configurable menus, real-time 
on-line design rule checking, and 
parts editing. 

A new color video printer com­
bines high resolution with large 
print size, a 16.7 million 'color pal­
ette, and fine-tuning capability to 
accommodate various input 
sources. Developed b Mitsubishi 
Electronics America, Somerset, J. 
the CP-210U printer employs a 
sublimation dye thermal transfer 
proces and high-density paper, 
enabling output of endoscopic, 
color-flow Doppler and computer 
graphics. The printer automatically 

Dolch Computer System Milpitas, 
CA, has introduced a 20 MHz 
386S portable computer that in­
clude a 16 MB system DRAM, 64 
KB cache SRAM, and five uncom­
mitted, full-size ISA lots. The Dolch 
PAC SX-20C features a bright red 
gas pia ma display ~\ ith 16 shades 
of gray sca Ie at 640 x 480 VGA re 0-

lution. For a full-color, CRT-likedis­
play. Dolch offers an active matrix 
thin-film transistor LCD ilat panel 
that has a palette of 24,389 colors. 
Circle Reader Action Number 754. 

Circle Reader Action Number 768. 
I--~~----------~ adjusts to any input source and can 

print four independent images on a 
single sheet for time-lapse evalu­
ation.ltalso feature full-frame RGB 
memory, automatic gain control, 
and wired remote control. 
Circle Reader Action umber 750. 

A high-precision timing generator 
developed by Racal-Dana Instru­
ments Inc., Irvine, CA, provides 5-
nanosecond timing resolution over 
a 5 kHz to 20 MHz frequency range. 

/----------------\ The model 6459 permits high-speed 
dynamic digital testing and use of a 
digital probe. It generates up to eight 
timing strobes for digital test mod­
ules on the VXlbus. 
Circle Reader Action Number 756. 

With all-welded construction, the 
new TUF Ultra-Rel™ mixers from 

\-____________ -/ Mini-Circuits, Brooklyn, Y, can 

Seiko Instruments USA Inc.. Tor- withstand 250° C for five minutes 
rance, CA, has introduced the with no performance degradation. 
SEA2001 x-ray fluorescence ele- The units can survive the extreme 
ment analyzer, a desktop system for shock and vibration stresses of MIL­
determining the elemental compo- STD-28837, as well as more than 
sition of solids, powders, and liq- 200 cycles of thermal shock ranging 
uids. The SEA2001 automatically from-55°to+l00°C.Theyareavail- The new 8240 series color CCD 
and nondestructively tests up to 12 able for surface-mounting or plug-in cameras from Cohu Inc., San Di­
samples without operator interfer- applications. ego, CA, are sealed and pressur­
ence. It can deted more than 80 Circle Reader Action Number 760. ized, and can withstand extremes of 
elements, from sodium through ura- i.----------~~-_i temperature, altitude, humidity, 
nl'um on the perl"odl'c table. I' E) corrosion, dust, and shock. De­.\ new e ectromc memory ( M mo-
CI'rcle Reader Actl'on Number 770.' I fEd I Signed for installation outdoors or in 

A new pressure-sealed coaxial con­
nector for printed circuit boards 
saves production time and elimi­
nates possible causes of connector 
failure. Developed by lIT Cannon/ 
Sealectro, ew Britain, CT, the con­
nector can be immediately trans- f---------------, 

hon ana yzer rom astman Ko a" 
harsh environments, the cameras 

Co" Rochester, Y, can record up 
to 12,000 split-frame images per provide 460 TV lines of horizontal ferred from wave soldering to the 

cleaning bath without fear of con­
tamination, because pressure-seal­
ing prevents cleaning fluid from 
entering the connector cavity. 
Circle Reader Action Number 746. 

Digital Instruments, Santa Barbara, 
CA, is offering a scanning probe 
microscope able to accommodate 
samples as large as 8" in diameter. 
The scope images surfaces with 3D 
nanometer resolution, using either 
scanning tunneling or atomic force 
microscopy. X-Y stage positioning 
can be controlled manually or auto­
matically and is accurate to within 
±1O microns. 
Circle Reader Action umber 764. 

Research Systems Inc., Boulder, 
CO, has released IDUmaps for visu­
ally analyzing remote sensing data 
on workstations. The program dis- r----------------; 
plays maps using ten standard map­
ping projections and overlays im­
ages in latitude/longitude coordi­
nate systems using irregular data 
gridding techniques. It can zoom, 
rotate, find inver es, and plot data 
using contours or text. IDUmaps has 
applications in the atmospheric and 
oceanic sciences, space research, 
hydrology, and related fields. 
Cirri Reader Action umber 752. 
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Coreco, St-Laurent, PQ, has intro­
duced the OCULUS-300, a low­
cost frame grabber with add-on 
features that turn it into a powerful 
Image processing engine. The 
OCULUS-300 is expanded with a 
DILUT processor. a memory expan­
sion module, an expansion piggy­
back for true color imaging, and a 
run-length encoding processor. 
Circle Reader Action Number 762. 

second. The model 1012 has a resolution and sensitivity of 1.1 lux. 
"semi-smart" reference reticle for They also feature a 1/2" interline 

t 't t' I' T t d I" transfer imager with high signal-to-quan I a Ive ana ySls. arge e or 
noise ratio, color lock, 1000:1 over­

quality assurance, R&D, and prod- load capability, and 20 dB AGC 
uct design applications, it can inte-

with peak/average adjustment. 
grate analog and switch data with Circle Reader Action Number 772. 
images, and will automatically 
download video pictures to a VCR, 
Circle Reader Action Number 766. 

The ElCOM® line of high-perfor­
mance brush less servo motors from 
Pittman, Harleysville, PA, incorpo­
rates unique stator designs that con­
tribute no magnetic cogging and 
result in low winding inductances 
and electrical time constants. A new 
six-pole model features a samarium 
cobalt rotor construdion for high 
torque-to-inertia ratios and res is- \--------- --------J 
tance to demagnetization. 
Circle Reader Action umber 758. A PC program offering magnetic 

field capabilities has been intro­
duced by Swan on Analysis Sys­
tem Inc., Houston, PA. Called PC! 
MAG ETIC, the sOltware is suited 
for analysis and design 01 electro­
magnetic equipment such as trans­
formers, motors, transmission lines, 
actuators, and levitator~, It permits 
2D and 3D analyses. and Includes 
DC, AC, and transient magnetic 
field capabilities for linear and non­
linear materials. 
Circle Reader Action umber 748. 
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New on the M arket 

Loclile Luminescent Systems, Leba- I 
non, NH, has developed a phosphor 
that triples the useful life of elec­
troluminescent lamps and provides 
higher levels of ustainable bright-

i ness. Lamps with the Aurora ph os­
phoroperate for 20,000 hours to 5 fL 
at 115 v, 400 Hz. By comparison, II 
industry-standard EL lamps typi­
cally last about 7000 hours to 5 flo 
The improved lamps are suited for 
LCD displays used in laptop com­

Sparcom Corp., Corvallis, OR, has puters, word 'processors, and medi­
introduced the Portable Profes- cal instrumentation. 
sional FD-1 000, a battery-operated I Circle Reader Action Number 789. 
disk drive for the HP 48 series of 
programma?le sc!entific calcula- On-Board3cryopump systems from 
tors. The dnve ~elivers 15 ho~rs of CTI-Cryogenics, Waltham, MA, ai ­
remote operation . on . a slOgle low for remote control and monitor­
charge,; r~ads and wntes 10 PC-DOS ing, thereby reducing process con­
on 3.5 disks, and s~pports 720 KB tamination and increasing opera­
and 1.44 MB capacity d~sks . It uses tiona I efficiency. They feature fast. 
an embedded Kermit file transfer thorough on-board regeneration as 
protocol that allows d.ata transfer well as advanced diagnostics that 
be~ween completely different ma- record pump performance over 
chlOes. such as between an t;P cal- time, permitting early detection of 
c~lator and a UN I.X workstallon. degradation tendencies. Cryo­
Circle Reader Action Number 795. pumping is controlled by a host 

A fully-programmable, echo-type 
ultrasonic sensor has been devel­
oped by the Electronic Design and 

computer, via an RS-232 interface, 
or a pump-mounted or remote key­
pad/display. 
Circle Reader Action Number 797. 

Packaging Co .• Livonia, MI. Cali- 1----­
bra ted using a PC. the SonaSwitch 
2000 allows user, to select from ten 
operating frequencies. with vari­
able transmission pulse count. 
Sample rates. relay set points. and 
0-5 v/4-20 mA outputs are cali­
brated in software or by using multi­
turn potentiometers. 
Circle Reader Action Number 793. Verbatim Corp., Charlotte. NC, is 

-------- distributing 3.5" rewritable and 0-

Pictured above is a new current am­
plifier from TektrOniX Inc.. Beaver-

ROM (optical read only memory) 
optical disks that are fully opera­
tional in the new IBM 3.5" optical 
drive and all other 3.5" ISO standard 
drives. Portable and securable, the 
disks provide fast access to data, 
making them ideal for on-line appli­
cations such as document manage- I 

men!. Further. they are resistant to I 
head crashes, moisture, pollution, 
and extreme temperatures. 
Circle Reader Action umber 799. 

ton, OR, that enables users to make A new design automation software 
direct measurements on current tool created by EEso( Inc. . Westlake 
waveforms. Designated the 11A16. Village, CA, is the iirst integrated 
it provides automatic timing deskew CAE/CAD suite developed speci!i­
and amplitude calibration. Com- cally for design of RF circuits oper­
bined with the Tektronix 11000 se- aling at 3000 MHz and below. 
ries digital oscilloscopes or DSA Called JOMEGA, it combines a har-
600 signal analyzers, the 11 A 16 monic-balance linear/nonlinearcir­
offers a versatile current analysis cuit simulator with an advanced 

I and measurement system for such I graphics package that provides 
applications as testing power sup- schematic entry. multi-window I 
plies, motion control and servo sys- simulation control. engineering 
tems, and high-frequency power documentation, and RF board de-
conversion. sign layout and floor planning. 
Circle Reader Action Number 791. Circle Reader Action Number 787. 
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PORTABLE, 
POWERFUL 

SOMAT ,HODEL 2100 
FIELD COMPUTER 

SOPHISTICATED 
DATA ACQUISITION 

AND ANALYSIS SYSTEM 
THAT FITS IN YOUR HAND 

for data acquisition and analysis is portable, battery 
powered, and packaged in a modular, rugged aluminum 
" go anywhere " case. The Model 2100 offers online data 
reduction capability of bener than 1000 amples per econd 
per channel , wilh storage capacity of at least 4 Mbytes. 

The Model 2100 was de igned for people who need 
information, no! just data. The ystem is easily configured 
and operated with TC ofrware for MS-DOS PCs. Find out 
why engineers are using oMat ystems for their product 
re ring and evaluation. Contact SoMat at 702 Killarney Street, 
Urbana, Illinois 61801. Telephone (217) 328-5359 

Circle Reader Action No. 419 

Questions about 
Pressure 
Control? 

Thlktothe forawiderangeof 
pressure regulators and valves-for gas and liquid 

control from subatmospheric to 15.000 PSIGI 
Over 50 standard models + options 

Choices include materials. pressure ranges. port 
types and flow capadties (Cv =.01 to 15). 
Pressure redudng. back pressure, dome loaded. 
two-stage and electrOnically controlled styles do 
the job in high purity. hydraulic. high pressure. 

vacuum and vaporizing applications. 

r===:::::;--;::::===::JI 12616 Industrial Blvd. 

UESCOM ElkRiver,MN5S330 
COR P 0 RAT ION leI. (612) 441-6330 
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New Literature 

A SOO-page microelectronics cata­
log from Terra Univer al Inc., 
Anaheim, CA, describes manufac­
turing and testing product for the 
semiconductor industry, and fea­
tures articles on 30 technical sub­
jects, including atmo phere and 
static control, extending shelflife, 
and sMIF. 

Dynacast Inc., Yorktown Heights, A 40-page catalog from Sprague, 
Y, has released literature on the Hudson, H, details thick-film net­

iabrication of zinc, aluminum, and I works in molded and conformally­
magnesium precision die cast com- coated SIP, DIP, and surface mount 
ponents. Data sheets explain the packages. These products are de­
materials' specifications and their signed for use in computer memory 
applications in electronics, trans- and logic systems, computer pe­
portation, and design. ripherals, telecommunications sys­
Circle Reader Action Number 720. tems, automobiles, test instruments, 

Circle Reader Action Number 710. 

IBM's new POWER Visualization 
System is explained in a full-color, 
fold-out brochure. The system, 
which incorporates the RlsC Sys­

A new PC systems handbook from tern/bOOO, converts large amounts 
CyberResearch Inc., Branford, CT, of supercomputer data into high­
features a large selection of rack- resolution pictures that can be rap­
mount PCs and peripherals, rack- I idly analyzed, manipulated, andex­
mount IBM-compatible PCs with plored. It supports up to one glga­
built-in VGA monitors, remote data I byte of shared memory and can 
acquisition equipment, signal an- calculate images at a peak rate of 
alysis software, and motion control 2.S billion floating-point operations 
products. Tech Notes sprinkled per second. Features include paral­
throughout the book discuss topics lei processing, high-speed commu­
such as "The Nyquist Frequency," nication links, para llel array disk 
"Co ld-Junction Compensation," drives, and high-definition televi­
"Stepping Motor Theory," and "AI- sion display support. 

-----------11 AiD and D/A converters, and any 
electronIC CIrcuit or application 
where repetitive resistor, capacitor, 
or resistor-capaci tor configurations 
are required. 

Modern Manufacturing Processes, 
published by Industrial Press, New 
York City, details 28 advanced 
manufacturing processes and ma­
terials, including metal injection 
molding, abrasive waterjet cutting, 
hydroforming, computer-integrated 
manufacturing, ultrasonics, electro­
chemical machining, and hot iso­
static pressing. The 2S6-page 
sourcebook compares the costs, ad­
vantages, and applications of non­
traditional and standard manufac­
turing methods. 
Circle Reader Action Number 708. 

Circle Reader Action Number 718. 

ternative Serial Communications Circle Reader Action Number 714. 
Standards." 
Circle Reader Action Number 724. 

Optical Research Associates, 
Crouse-Hinds Molded Products, Pasadena, CA, has produced a bro-
Syracuse, NY, has published a 24- chure highlighting its CODE op-
page catalog of its Mini-line and f----------------1 tical design and analysis software, 
Micro-Mini connectors. The four- High-power laser diodes are show- used to model, analyze, and support 
color catalog describes the advan- cased in a new brochure from En- manufacturing of laser scanners, 
lages of softwiring over hardwiring sign Bickford Aerospace, Simsbury, simulators, holographic displays, 
and cites applications for Crouse- CT. Included are the EBAC-1 40E and other optical systems. Features 
Hinds' quick-disconnect products series, which incorporates thermo- include zoom/multi-configuration 
in heavy process industries. Fea- electric cooling with closed loop optimization, environmental analy­
tured products and accessories in- temperature control for wavelength sis, MTF and RMS wavefront-based 
c1ude Mini-Line with indicating tunability, and the EBAC-1 40A se- tolerancing, and holographic opti­
l ights and high-flex SO OW-A ries of compact diodes for applica- cal element modeling. CODE V 
cable; liquid-tight plugs; corrosion- tions such as proximity sensing and runs on DEC VAX or Sun sPARCsta­
resistant cord grips; and panel- range finding. The fu ll-color bro- tion computers. A 6S-page catalog from Integrated 
mount receptac les. chure also describes Ensign Bick- Circle Reader Action Number 722_ Microwave, San Diego, CA, fea­
Circle Reader Action Number 716. ford's state-of-the-art manufactur- r----------- ---- tures IF/RF/microwave filters and 

ing facility, optimized for produc- integrated multifunction modules 
tion of semiconductor lasers and A digital power analyzer handbook . d f d 

offered by Valhalla Scientific, San for aerospace, e ense, an com-
arrays of one watt and above. Diego, CA, covers power funda- munications applications, The pub-
Circle Reader Action Number 726. I' t' d 'b th rf 

t I f t t RMs Ica Ion escn es e pe ormance 
men a s, power ac or, rue f' hi' 

f------------------1 ACiDC current and voltage meas- ? vanous product tec no ogles, 

urements and more The 1 &-page I including miniature lumped ele-
AT&T, Warren, NJ. has released a " , , h I' I d d 

handbook features single- and ment, miniature e Ica ',suspen e 
catalog of licensable software de- , ' substrate, waveguide, Interdlgltal, 
veloped by the company to solve three-phase digital wattmeters and bl ' d' h d f'l 

f f ' tuna e, cavity, an SWltC e Iter 
Problems reduce costs and opti- 'I power actor meters or testing b k Th ' t ' , , h' I' I ' an 5, e company s compu er-
mize business operations Entitled SWltC Ing power supp les, e ectnc 'd d " , I 

, " I f' d al e engineering serviCes are a 50 
Software Driven SolutIOns the 44- motors, trans ormer-Incorporate I h' hI' h d 

Page catalog describes s~ch pro- products, ballasts, and appliances. I CI
.
g 

I lgRte d' A t' N b 706 . I d . b Irc e ea er cion um er . 
grams as MetaTool, which expe- Clrc e Rea er Aclton Num er 704. 

----------1 dites software tool building in the 1-----------------1 
A free brochure highlights applica­
tions for iron-, nickel-, and cobalt­
based amorphous alloys developed 
by Metglas Products, Parsippany, 

J. The patented alloys are strong, 
flexible, corrosion-resistant, and, 
because of their random amorphous 
atomic structure, easy to magnetize 
and anneal. They are suited for use 
in electromagnetic shielding, lamp 
ballasts, motors, pulse power sys­
tems, recording heads, and 
transducers. 
Circle Reader umber 712. 
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UNIX system environment; Graphi­
cal Expert System Creation Tool, 
which builds circuit-pack diagnos­
tic expert systems; Record Control 
System II, a multi-user engineering 
document management system that 
can support over one million rec­
ords; and Operations Assistant Soft­
ware, an interactive resource man­
agement tool for optimizing factory 
operation. Many of the oftware 
packages are available to third- I 
party vendors for sublicensing. 
Circle Reader Action Number 728. 

A full-color brochure from Schenck 
Pegasus Corp" Troy, MI, spotlights 
the L-CAT laboratory computer­
aided test controller, designed for 
command signal generation, test 
monitoring, graphic signal analyz­
ing, and data acquisition. The PC­
based, network-compatible system 
has mechanical test applications in 
the aerospace, railroad, and auto­
motive industries. It can be used for 
reliability testing or to evaluate 
structural fatigue properties. 
Circle Reader Action Number 702. 
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New Literature 

A fold-out brochure from Applied STSC Inc., Rockville, MD, has pub­
Dynamicslnternational, AnnArbor, lished a brochure detailing STAT­
MI, introduces the Real-Time Sta- GRAPHICS, a statistical visualiza-

I 
tion, a VME-based computer system tion software package that inte­
for hardware-in-the-loop dynamic grates graphics with powerful statis­
simulation . It features a graphical tical procedures for data analysis. 1\ 
user interface, highly-interactive contains over 250 statistical and 
run-time control , real-time graph- I system procedures, covering such 
ics. and the ADSIM mathematical areas as variance analysis, experi­
simulation programming language. mental design, quality control, and 
The system communicates with re- exploratory data analysis, and fea­
mote locations in realtime and sup- tures more than 50 graph types, in­
ports a wide range of high-level pro- cluding 2D and 3D line and scatter­
gramming languages. plots, bar and pie charts, 3D histo­
Circle Reader Action umber 740. grams, and time sequence plots. 

_____ The menu-driven system offers im­
port/export capabilities for ASCII , 
Lotus, DIF, and dBASE. 

ol1le "-of Choice. Circle Reader Action Number 734. "' ........... ..., 
A 64-page enclosures catalog from 
Bopla Enclosures, Frederick, MD, 
lists the company's products for 
portable test instrumentation, com­
puter-related test equipment and 

I 
peripherals, handheld instruments, 
controls, monitor housings, and 
panel meters. Bopla's Poly tan ABS 

I 
plashc and polystyrene enclosures 
offer a lightweight alternative to 
metal enclosures. 
Circle Reader Action Numbe~ 736. 

A four-color brochure discusses the f----­
SAS System, an integrated software 
suite for data access, management, 
analysis, and presentation. Devel­
oped by the SAS Institute Inc., Cary, 
NC, the software provides such ana­
lytical capabilities as forecasting, 
time series analysis, econometric 
modeling, and various statistical 
operations such as regression analy­
sis, discriminant analysis, and linear 
modeling. Findings can be pre­
sented in bar and pie charts; line 
graph ; scatter, contour, and ]D 
plots; and choropleth, surface, 
block, and prism maps. 
Circle Reader Action Number 732. 

The 1991 engineering catalog from 
CADKEY Inc., Windsor, CT, de­
scribes over ]00 manufacturing 
and architectural software pack­
ages for applications such as nu­
merical control, finite element 
analysis, mold design, drafting, and 
prototyping. Featured products in­
clude CADKEY Version 4, a fully 

lotech's 1992 catalog highlights the 
Cleveland-based company's line of 
data acquisition systems and IEEE 
488.2 busconlrollers. The 130-page 
publication also covers interfaces 
and support products such as bus 
analyzers, extenders, and serial 
IEEE converters, and provides IEEE 
488.2 and SCPI technical reviews. 
Circle Reader Action Number 730. 

integrated 2D drafting and ]D de- Emcor Products, Rochester, M , 

I 
sign system; MOLDFlOW, which has published a four-color bra­
analyzes the injection molding of chure describing its line of modular 
plastics; ARBOR SCA ,which con- enclosures, including ESQ, 10 Se­
verts engineering drawings into ries, Emcor 1, and EMI-RFI shielded 
CADKEY; Advantage Details II , a I cabinets. Thepublicahon also high­
CADD library of over 390 architec- lights cooling accessories and the 
tural details; and WG World CompuDesk- line of heavy-duty ter­
View, which realistically simulates minal workstations and single-unit I 
complex environments. assemblies. 
Circle Reader Action umber 738. Circle Reader Action Number 742. 
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Voltek Polyolefin Foams. 
Designed to meet the 

toughest specs. 

Designers Specify 
Voltek FoatnS For. 

\bltek foamsoffer a unique com­
bination of phy. kal properne< 

and characreri5tlcs ior 3l1\ de'lgn 
Idea. From ,"sulation to lamma­
tion, designers meet their unique 
product speclficatlon with ver­
saule Volara • Volextra and 
MIOICe!S foams. 

BuoYancy 

Cuabioninl 
Cbetnital 
Resistance 

Weight 
lledudio1l 
TbenJla1 
llesistance 

Thermoforming 
••• and much more. 

Get your hands on the fight 
matenal for your next design 
project. Call or wnre to Voltelc fr.r 
free foam samples and literature. 

),,800 .. 225 .. 0668 

• \\:01., •• 
DI\"I~unalSt:kllUl A~ncaeo.-p. 

100 Shepard s.-
La- tt'r\CC:, MAOl843 
I'honec (S06)68S-lSS1 
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APOLLO COMMEMORATIVE POSTER 

Actual size: 30" x 21 "-in full color! 
Relive mankind's greatest 

adventure with thi official 

ASA commemorative 

poster. A gorgeou full-co lor 

rendition of the Apollo moon 

landing printed on high­
quality po ler tock and 

shipped in a protective 

LUbe. pecial introductory 

price only 8.95 each. 

80 S: Order nOW and 

receive three print for 

just 23.95. 

------------------Rush me __ Apollo commemorative poster(s). I have 
enclosed $ plus $3.00 for postage. (NY residents 
add sales tax.) Total enclosed: $ ____ _ 

Name -------------------

Company 

Address _________________ _ 
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A 
Flutter spoolers 
page 93 lAR-14117 

ACETATES 
ALGORITHMS 
Mode;SWllchlng 

Manufacturing ethyl algorithms for antenna 
acetate from fermenta- servocontroller 
tion ethanol page 56 NPO-17489 
page 84 NPO-17923 

ACOU~PTICS 
ALUMINUM GALLIUM 
ARSENfDES 

ThreEHlllTlef\SlOna I Alternatrve AlxGa 1 - xAs! 
acoustooptical spectrum GaAs transistors foo 
analyzer neural networks 
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optICal spectrum analyzer GaAs transistors for 
page 72 NPO-I8092 neural networks 
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ADAPTIVE CONTROL 
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vib<atlng. roratlng quantum-well lasers on 
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page 90 NPO-17471 page 26 NPO-I7988 
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ATMOSPHERIC 
ELECTRICITY 
GeographICal variatIOns 
In measured lightning 
fields 
page 78 KSC11449 

ATTITUDE INDICAlORS 
Digital pitch-and-roll 
monitor 
page 66 lAR-14247 

ATTITUDE 
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Algorithm computes 
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UltrasonIC devICe would 
open PIpe bombs 
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C 
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page 50 GSC13384 
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analyzer 
page 62 NPO-t8122 

CtRCUITS 
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flashes against bright 
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page 19 MF5-28466 

ResIStor extends hie of 
banery In clocked CMOS 
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page 29 NPO-17967 
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Resistor extends life of 
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page 29 NPO-17967 
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CCNered channels COMPUTER Copper-exchanged Zeoli e page 103 MF5-29729 
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Versatile. last computer page 86 NPO-17761 
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RADIATION page 50 GSCI3384 DIAPHRAGMS IloIe-tmpede<Hjong-

(MECHANICS) superlalbce LWIR 
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CharacterIZing computers page 91 MSC-21703 
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page 93 lAR-t4117 
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page 88 LEW-14907 page 90 NPO-17805 page 60 ARCt2434 
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CORNEA page 78 KSC11449 optICal spectrum analyzer 
Computer -drrven 
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page 118 NPO-17079 Pulse-Wldth-modulatlng 

G drrver lor brushless de 

COUPLINGS motor 
Heat-transler COUptlng lor page 18 NPO-t7142 
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CRYSTAL GROWTH acetate Irom fermenta- neural networks 

Initialing growth of tion ethanol page 26 NPO-18t77 
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talner walls GaAs tranSIStors for 
page 106 MFS-28473 EVALUATION neural networks 

CharacterIZing computers page 24 NPO-18101 
CRYSTALLINITY and predICting Computing 
Correlating DSC and x- times GALLIUM ARSENIDE 
ray measurements of page 60 ARC-t2434 LASERS 
crystalhnlty High-power AJGaAs 
page 77 NPO-17958 EVAPORATIVE quantum-well lasers on 

COOLING SI substrates 

D 
VaporIZatIOn would cool page 26 NPO-17988 
primary battery 

Sell-heterodyne laser-page 90 NPO-t7805 
spectrum analyzer 

DATA ACQUISITION EXTREME page 66 GSCt3397 
System acquires and ULTRAVIOLET 
dISplays slQnal- RADIATION GAMMA RAYS 
propagatIOn data Ultra-hlgh-spectral- MICroscope would mage 
page 84 NPO-18t90 resotutlOn x-raylEUV x and 'Y rays 

monochromator page 71 MF5-28484 
DATA CONVERTERS page 70 MF5-28500 
Modular VLSI Reed- GAMMA RAY 
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page 49 NPO-t7897 Fbrlable liIdeOIdigltal lelescope would mage x 
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DECODERS page lt5 MSC-21675 page 70 MF5-28482 
Modular VLSI Reed-
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GENITOURINARY 
SYSTEM 
UHraSOIllC device 
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bladder 
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IlOOS for drsclete-tme 
Ia1ear systems 
page 110 ARC-12204 

LEVITATION 
MlCrCPNaIIe levitatoon of 
smaU objects 
page 109 NPO-I8006 

UGHTNING 
Orcurt detects famt 
flashes aga.nst bright 
background 
page 19 MF8-28466 
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III measured bghtrnng 
fields 
page 78 KSC11449 

UNEAR SYSTEMS 
FOIynomial transforma­
tions for discrete-time 
ltoear systems 
page 110 ARC-12204 

Software for multlVanabte 
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analysis 
page 87 LAA-14119122 

LDADS (FORCES) 
Deflection and stress In 
preioaded square 
membrane 
page 96 GSC-13367 

LUMINOUS INTENSITY 
CirCUit detecls faint 
flashes against bnght 
background 
page 19 MF8-28466 

M 
MAGNETIC FIELDS 
Facilrty measures 
magnetIC fields 
page 65 NPO-18187 

MANIFOLDS 
(MATHEMATICS) 
Self·mo!lOI1 manifolds 01 
redundant manipulators 
page 101 NPO-17965 

MANIPULATORS 
AnthropomorphIC robot 
hand and teaching glove 
page 99 GSC-t3244 

Parallet-p<ocesslng 
algoflthms lor dynamICs 
of manipulators 
page 111 NPO-I7718 

SeIf·mo\lOI1 manllolds 01 
redundant manlpulalors 
page 101 NPO-17965 

MATRICES 
(MATHEMATICS) 
PI:lIynOlTlial transforma· 
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linear systems 
page 110 ARC-12204 

MATRIX MATERIALS 
LaRC-RP41 a tough. 
h.gh-performarrce com­
pDSlle matrix 
page 82 LAA·14338 

MEASURING 
INSTRUMENTS 
Cornpuler-drNen 
l<eralOll1etl!! 
page 118 NPO-17079 

Imp<OYed force-and­
torque sensor assembly 
page 95 NPO-17370 

MECHANICAL 
DEVICES 
Reusable mechanical poll 
puller 
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MEMORY 
(COMPUTERS) 
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memory ~Id recogmze 
machlflB paris 
page 52 NPO-I7850 
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Controlled lemperature PROCESSING light fabrICS 

MICROWAVE 
gradJenl omprCNes freez- (COMPUTERS) page 80 M5C-21659 
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Slaking pliers PCM TELEMETRV POLYMERIC FILMS 
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page 70 MFS·28500 
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page 79 NPO-17422 PRESTRESSING 

N Radar backscauer from PHOTODIODES Dellecl,on and stress In 
lhe ocean at low GaAsP photcdiodes as x- prelOaded square 
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NEURAL NETS page 79 NPO-I8036 page 22 NPO-17849 page 96 GSC-13367 
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page 115 MSC-21675 page 97 GSC·13355 page 90 NPO-I7805 

NASA Tech Briefs Believers 
(To be continued) 

"It's far and away 
the most prolific 
producer of excellent 
sales leads ... " 
Stephen Austin, VICe PreSident 
Information Handling Services 
Englewood. Colorado 

Being a prudent sort and perhaps a bit skeptical, Steve Austin turned to research and 
made a not uncommon discovery: "NASA Tech Briefs was among the most popular 
technical magazines subscribed to by our customers and prospects." 

Then he advertised and made another discovery: "NASA Tech Briefs is far and 
away the most prolific producer of ex.cellent sales leads of any magazine in which 
we've advertised. Dollar for dollar, no other book approaches the value we received 
from NASA Tech Briefs." We couldn't have said it better. 

With the lowest CPM in its category, more than 190,000 responsive subscribers, 
and inquiry production exceeding 15,000 per month, NASA Tech Briefs' advertiser value 
is simply a matter of record, not rhetoric. 

To discover the NASA Tech Briefs difference, as smart advertisers like Steve Austin 
have, call toll free (800) 944-NASA for a complete media kit, or clip your card to this 
ad and mail to: NASA Tech Briefs, 41 East 42nd Street, Room 921, New York, NY 10017. 
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MARKETPLACE To Advertise-Call (212) 490-3999 

Full product line for 
REALTIME 

data acquisition & control 

- Analog & digital VO .. .register-based for 
higher speeds 

- Signal cond itioning .. Jor RTDs, thermo 
couples , and strain gages 

- Counters ... to 100 MHz 
• Transient recorders ... to 1 ()() MHz, with 

16 megasamples of storage 
• Monitors and controllers ... for pressure 

scanners, MIL·STD·1553B, & ARINC429 

Call for FREE catalog! 

11 Maryknoll Dr. - Lockport, IL 60441 
(815)8380005 . FAX: (815) 8384424 

Circle Reader Action No. 334 

FIBER INSULATED 

HEATERS 
Standard or 
Customized 
A 20 ~r leader in custom­

Izing hIgh temperature fiber 
insulated heaters, Aerospex 
now offers a useful range of 
standard, and custom heaters 
to meet your needs, You'll gel: 
• Low mass efficiency 
• Rapid heat up 
• Standards to 11oo·C 
, Custom to 13000C 
• Fumace Accessories 

Call us today. We'd like to 
help you put heat exactly 
where you need it. 

AEROSPEX 
PUTTING HEAT WHERE YOU NEED IT 
AEROSPEX CORPORATION 

W!SIEIIH IJACf EASTfRH Ilffx:E ___ .n8ac636 

~9)~4-~r~ (619) 474-1223 ~9icr65~~ Fax: (914) 851·1915 

Circle Reader Action No. 591 

EXPERTS IN 
F AR-IR INTERFEROMETERS 

FOURIER TRANSFORM POLARIZING 
MICHELSON, MARTIN PUPLETT AND 
FABRY PEROT INTERFEROMETERS 

• Range Hf.IlI1 to 5mm (2.6OOcm·') 
• Fast Scan and Step Scan Versions 
· High Resolution (up to 0.025cm·') 
• Phase, Amplitude or Polarization 

Modulation 
• Detectors (room temp. or cryogenic) 
• Software and Computer Interface 
• Dispersive Accessory Option 

OVER 20 YEARS EXPERIENCE 

B ISPECAC~ 
SPECAC ANALYTICAL INC. 
301 Commen:e DriYe, Fairfield, cr 06430 
Tel: (203) 366-5112 Fax: (203) 384· 1524 

A Camtridge H10ctr00ic InduJlric. (CHI) Company 

Circle ReaderAction No. 621 

There are trackballs, and then there is the 

DIAMOND TRACKBALL 
You've seen the rest-Now try the best! 

The most versatile. rugged professional input device on 
the market today. Nothing compares in price, perform ­
an<:e, reliability and customer satisfaction. 

Emulates all mouse formats without additional drivers . 

Approved for use on SUN, DEC, SILICON GRAPHICS, 
TEKTRONIX, AT&T. IBM PC/AT, P/S-2 and CLONES. 

Evergreen +: 31336 Via Colinas 
W e.tlake Village. 

SYSlVIS . Californ ia 91362 
1I'fT~RNAnONAl 18t8) 991 .7835 

.Fax: (818) 991-4036 

Circle Reader Action No. 573 

SC/Fox,m Embedded·System Computers 
SC/FOX VMf soc (Single Board Compute-f ) 18 MIPS, &0 MIPS burst. 
general .purpose, !i10l-T MastE'rISIJVt" SYSlcm ConlroliPf. Upto6401(. bylesO­
.... '5 memory, 1 SCSI, T per, 1 serial port~ . Uses 16-bll Harn .. RTX 2000. 

SC/FOX PeS (ParalleICoprocessor5yslem)1 SMIPS, SOMIPSburst,genl'ral 
purpose PCJAT/l86 plug-in bo.lrd. 32K 101M byle o,..ws stallc memory. 
nlultlple PCS operallon. SCSI OJ)hon. Uses Harris RTX 2000. 

SC/FOX SOC (Single Board Computer) 18MIPS. &OMIPS burst. Sl,mri,tlonc 
operation. EurocardSi2e, I pit, 1 seriaIPOr1 , uptoSI2J(bytesO~wSOlefTl:Ofy. 
2 50-pin user conn«10rs. SCSI Option. U~ Hams RTX 2000 

SC/FOX Pal2 (ParOlllel Coprocessor Syslem 32) 15 MIPS 10 70MJPS. J:cn 
eral-purpose PClAT/386 32~bit plug-in board With 64K to 1M by1e O-ws 
static memory_ Uses J2-bll SClI Forth mICroprocessor. 

Ideal (or embedded real-time cOnlrol, dalol aCQUISllIon. or hl~h.\f.X-'ed proc. 
esSInJ.: . Forth SOl1war(' included. C ophonaL OEM pri<ing 

SILICON COMPOSERS INC (415) 322-8763 
208 California Ave., Palo Alto, CA 94306 

Circle Reader Action No. 679 

DATA ACQUISITION 
PRODUCTS 
for the PC 

Filled with applications information, 
competitive comparisons, 

waveform analysis techniques, 
hardware and software specifications, 

and DEMO DISK! 
We manufacture the industry's fastest data acquisition 
hardware and software designed for applications tha1 
demand a true real time display with simultaneous disk 

~aI~l.u~s,-a,t.~ .. ~~~~~ _ E:uua.{iit.!.!·_ 
DATAQ INSTRUMfNfS, INC 

825 Sweitzer Avenue 
Akron. OhIO 44311 

Tel(216)434-4284 Fax(216) 434·5551 

Circle Reader Action No. 505 

CYBERCHRON 

CPC·1000 

and 

CPC·1500 

• 100000lJlM PCATOOMi'Al1BlE;~4B6)OCROPIIOCESSO~ 
PORT.\BLEOR RACKMOONT 

• PA$IVE BACKl't.\NE FOR EASEOFUPGRAD£ORCVSTOM 
CONFlGURAllO, 

• RID:S!'COOS, MSOOS. ClS'2. t1NlX. XEl<1lC. REAt.'IlME KE.BNA1S 

• M;. DC OR DUALACIICFOWERED 
' INmlNALEGAOOMPATlBI~IotONOCIIROME~ 

DISI'IAY, Cl'C15OO HAS COLOR DISPIAYOPrlON: ElITERNAL 
~MONrrORS 

• U OR 5.25 IN. DISK DRIVES; om>RAGE TO OVER I GBYrE 

• 84 OR 101 KE\: DUSr AND DRlP-PROOP rol1l OUT KEYIIOARIl; 
Cl'CltiOO HAS1RACKBALLI>SSTA.~1lARIl 

• TOTAL HARSH ENVtRO"''MEm'AL(lP£RATlO!>I: TIIER!oIAL.SBOCK. 
VIIIRA1'lON. HVld11ll'lY.SAL'l"FOG. DIm. UQUIDS. AUITrullE. 
RUOGEDI7EDTO !oIJL.S1IlSSJ(lIl. 161·1. AND OOIC 

:JC CYBERCHRON Corp. 
p.o. Bo.1C 160. us. Route q~ Cold Spnng, New York 10516 
Tel 914-/265-3700 FAX 914/265--37SZ Telex 255-684 
1nd«!marks registered by respect1\-e manuw.tum:I 

Circle Reader Action No. 628 

NEW COMBA'P BORON MTRIDE lITERATURE 
Combat3 BN from the Carborundum Co. is available In 
solids, powders, coatings. sprays. Mechanical uses: 
hi-temp bearings, electrical insulators. Solids can 
be machined. Powders for hi-temp lube. Anti·squeal. 
heat conductive additives for aircraft brake pads. 
Combat'boron nitride for temp ranges from below {)O C 
to 3000"C. 

e··-

Boron Nrtride 

• lilt 
The Carborundum Company 

Boron Nitride Division 
168 Creekside Drive 

Audubon Industrial Park 
Amherst. NY t4150 

Telephone 7t 6691 -2000 Teletax 716691·2090 

Circle Reader Action No. 506 

The Best Just Got Better ... 
AND Costs Less 

Model RSOOO Strip Chart 

$1395: 
Features: 

• Variable and Fixed Spans 
• 17 Charl Speeds 
• Integrator Option 

all In one 

to RECORD ALL your needs 
Model 4500 Strip Chart 

$1095: 
~ Features: 

!I= :'~~:OO~I I!JfI J • mm Digital Interface & 
. Remote Control Standard 

on Every Model 

• Also inqutB about OCI x·y recar;len; whkh replace discorUrued 
Houslon 1nstnMnent. - FISHER SC/ENrIF/C - HP ~ 

WE SUPPOFrr ANY RECORDER WITH PAHrS-SUPPUES-SERV/CE 

THE RECORDER COMPANY 
P.O. Box 8 San Marcos, Texas 78667 

(512) 629-1400 FAX (512) 353-5333 
Circle Reader Action No. 519 
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MARKETPLACE 
Create data acquisition applications 

without code 

• Integrale high-speed VO WIth data analystS. display. man­
agement. and report generatlOtll 

• Use a mouse to choose ICOns represenbng hardware and 
software and connect them It1 sequence to speafy 
data flow' 

Ifs easy WIth the CAMAC Graphical Interlace lrom KSC 
Ubllzlng DIQltars new DEC realtime Test Integrator. 

To learn more aboutlhls ICOn-based graphICal enVIronment 
for hlQh-perlormance data acquisition and analysis contact 
Kme!JcSystems Corporabon. 11 Maryknoll Onve, lockport. 
IL 60441 or Digital EqUIpment Corporation. 4 Results Way 
(MR04-3ICl1). MaMboro. MA 01752-3070 Ann, RTI 

Circle Reader Action No. 428 

INTRODUCING RACK MOUNT AND RUGGED 
SUN SPARC WORK STATION 

Standard Features Include: 
• Spark Engine 2 CPU with 16MB RAM 
• 207 MB Hard Disk, 150MB Tape Drive 
• 644 MB COROM, Removable Hard Disk 
• 1.44 MB Floppy, 2 R5-232 and S Bus Ports 
• SCSI·2 and Ethernet Interface 
• 16-inch Rack Mount Color Monitor 
• Keyboard, Mouse and SUnOs 4.1 
For further detaBs contact: 
IBI Systems Inc., 6842 NW 20M Ave., Fl Lauderdale, 
FL 33309, 305-978-9225, Fax: 305-978-9226 

Circle Reader Action No. 660 

PULUNG r------------------------------------------, 
Reusable mechanical pin 
puller 
page 97 GSC-13355 

PULSE DURATION 
MODULATION 
Pulse-width·modulallng 
dnwr lor brushless de 
motor 
page 18 NPO-17142 

R 
RADAR SCATTERING 
Azltoothal anisotropy In 
radar backscalter Irom 
lhe ocean 
page 79 NPO-17422 

Radar backscatter Irom 
the ocean at low 
Wlndspeed$ 
page 79 NPO-1B036 

RADIATION 
DETECTORS 
Ho!e·unpeded.<Jopong­
superlallice LWIR 
deteclors 
page 22 NPO-17BBO 

RADIO ANTENNAS 
End-loaded. caVIty· 
backed. cross-slot 
sntennas 
page 30 NPO-18100 

RAOIO FREQUENCIES 
'fWo.dImenslOtlSl acousto­
optICS! spectrum analyzer 
page 72 NPO-I8092 

RAOIO SIGNALS 
System acquues and 
displays stgnaJ­
p<opagahon data 
page 64 NPO-18190 

REDUCED GRAVITY 
IMlSling grONlh at 
crystals away from con­
tamer walls 
page 106 MFS2B473 

Vanable-speed in­
sln.merrted cenuduges 
page 101 KSC-11383 

REMOTE 
MANIPULATOR 
SYSTEM 
Parallel1lfOCe5Sl'19 
atgonthms kx dynamIcS 
of manipUlators 
page 111 NPO-l7718 

Multiflow TRACE Supercomputers ! 
I 

Up to 90% off, starting at $29,500! ! 
I 
I 
I 

Expandable to 215 MIPS and 120 MFLOPS performance 

Supports up to 512 MB memory and 20 GB dIsk 

Includes Unix 4.3 BSD, FTN & C compilers, VAX compatibility suite, 

NFS. OSF-Motif, X11·R4, and morel 

TRACE Systems are sold and supported nationwIde by: 

Bell Atlantic Business Systems 
For great prices, great service, and great support, call 

Mr. Steven Eskenazi, Program Director, 8t 203-488·5377 L _________ _ ___________ _____________________ ~ 
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REMOTE SENSING ROBOTS SAPPHIRE 
Azimuthal aOisotropy "' Robot grasps rotallng Sapphlte nng resonato< 
radar backscatter from oblect for mICrowave QSClllato< 
the ocean page 58 NPO-1B016 page 20 NPO-1BOB2 
page 79 NPO-17422 

OrCUlt detects faint ROll SCANNtNG 
flashes agaltlSt bnght 0'91131 Pltch-snd-rOlI Unbalanced rotating 
background mOOltO< masses kx scannng 
page 19 MFS2B466 page 66 LAA-14247 page 100 MFS2B425 

RESIN MATRIX ROLLERS SCATIEROMETERS 
COMPOSITES Pressure roller for tape- Radar backscatter Irom 
laRCRP41 a tough. Idt tests the ocean at tow 
htgh-pertormance com- page 105 GSC-13230 wtndspeeds 

postte mat". page 79 NPO-1B036 
page 52 LAA·14336 ROTATING BODIES 

Robel grasps rotating SEALS (STOPPERS) 
RESISTORS obJect Long·llved. replaceable 

AeslstOf extends "'e 01 page 58 NPO-1B016 Iow.pressure seals 
battery " clock.ed CMOS Unbalanced rOlatng page 9B MFS2B521 
CirCUIt masses kx scannng 
page 29 NPO-17967 page 100 MF$.2B425 SEMICONDUCTOR 

lASERS 
RESONATORS ROTATING MIRRORS Htgh-power I>JGaAs 
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page 20 NPO-1B062 page 50 AflC.11177 page 26 NPO-17988 

RETINA SERVOCONTROl 
Rlrtable IIIdeoo'digltat Mode-SWltching 
retJnal ftni.Iscope S algOflttvns kx antenna 
page 115 MSC21675 5enIOConuoller 

page 56 NPO-17489 

ROBOTICS SAMPLING 
Anthropano<phtc robot CoIIectOfS Of aiJbOfne SIGNAl GENERATORS 
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page 99 GSCI3244 page 74 NPO-18183 p<ogram 

SeIf·mahon mantfoIds at 
page 87 MFS2B4OB 

redundant manopuiators 
page 101 NPO-17965 
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Introducing a breakthrough that replaces 
microsteppers. this uniquely designed step motor 
resolves 800 full steps perrevolution (.450 per step). 
The motor is optimized for resonance free perfor· 
mance and is parllcually suited for use on constant 
current (chopper) drives. Size 23 by 2.0' with 1/4" 
shaft, the motor is stngle or double ended. Nominal 
current for 35 oz. ·in is 2 amps per coil. 

MOTION PRODUCTS PO Box 4585 
415·968·6189 Mountain View, CA 94040 

Circle Reader Action No. 409 

FREE! 
130 

Page 
Catalog 

"Optics 
for 

Industry" 
Frel'! 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, beamsplilters, reticles, 
objectives, eyepieces plus thousands of other 
stock lIems_ Rolyn also supplies custom prod­
ucts and coatings in prototype or production 
quantities. ROL YN OPTICS Co., 706 Arrowgrand 
Circle, Covina, CA 91722·2199, (818)915- 5707. 
FAX (818)915-1379 

Circle Reader Action No. 551 
-----' 

SILICATES 
Copper-exchanged zeOlite 
l traps a<yger1 
page 86 NPO-I7761 
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ray detectors 
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airplanes 
page 68 ARCl2215 

VACUUM 
long·lived, replaceable 
Iow-p<essure seals 
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How can you spot a nonlinear problem? 
You can find out by reading our authori­
tative White Paper, Nonlinear Finite 
Element Analysis. 

In it, you'll find a practical discussion 
of nonlinear FEA, some examples 
(including automated contact analyses 
of metal forming and elastomer 
problems - without the use of gap 
elements), basic concepts, modeling 
hints, as well as pitfalls to avoid. 

For your free copy of the WMe Paper, 
Call 1-800-548-4665. 
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Circle Reader Action No. 303 

~TENTS 
Over the past three decades, NASA has 

granted more than 1000 patent licenses 
in virtually every area of technology. Sales of 
licensed inventions exceed $10 million, and 
royalties paid to NASA approach $1 million. 
The Space Agency has a portfolio of 3000 
domestic and foreign patents and pending 
applications available now for license by busi­
nesses and individuals, including these re­
cently patented inventions: 

Enhanced Single-Layer, Multi-Color 
Luminescent Display with Coactivators 
(US Patent No. 4,987,339) 
Inventor: James Robertson 
Mr. Robertson has developed a multi-color 
flat-panel electroluminescent display offering 
improved flexibility and reliabili ty. Its single­
layer design reduces display weight, power 
consumption, and degradation characteris­
tics. Colors, especially blue, are selectively 
enhanced by adding a coactivator to a colored 
activator without increasing the applied elec­
tricfield. 
Circle Reader Action Number 741 . 

Differential Current Source 
(US Patent No. 5,021,729) 
Inventor: John F. Sutton 
A voltage-controlled current source employ­
ing operational amplifiers as active elements 
provides a symmetrical , differential, high-im­
pedance drive to a load, with the drive isolated 
from any circuit common or system ground. 
The "floating" differential drive and identical 
source impedances of the two outputs elimi­
nate errors from common mode Voltages. 
Circle Reader Action Number 753. 

Airborne Rescue System 
(US Patent No. 5,020,742) 
Inventor: Leonard A. Haslim 
Mr. Haslim has designed a lightweight tele­
scoping rescue boom for helicopters. It en­
ables the helicopter pilot to accurately posi­
tion the rescue line while maintaining visual 
contact with the rescuee. For rescues at sea. 
the boom reduces exposure of the rescuee to 
downwash created by the main rotor. The 
invention's extension and retraction mecha­
nism has many potential spinoff applications, 
including in-situ erection of telescopic space 
structures. 
Circle Reader Action Number 749. 

Etching Method for Photoresists 
or Polymers 
(US Patent No. 5,007,983) 
Inventors: Narcinda Lerner and 

Theodore Wydeven 
Pattern development and substrate cleaning 
using organic photoresists are required at 
several steps in the fabrication of semicon­
ductor devices. Consequently, the rapid re­
moval of organic matter is necessary for 
efficient semiconductor manufacturing. The 
inventors have developed a new method that 

uses a sacrificial polymer to increase the rate 
of photoresist removal, cleaning, and polymer 
etching in downstream plasma reactors. In 
tests using polyethylene as a sacrificial poly­
mer while stripping a commercial photoresist, 
the removal rate was 35 times greater than 
without the polymer. 
Circle Reader Act ion Number 745. 

Variable Magnification, Variable 
Dispersion Glancing Incidence Imag­
ing X-Ray Spectroscopic Telescope 
(US Patent No. 5,016,265) 
Inventor: Richard Hoover 
Mr. Hoover has created an x-ray spectro­
scopic telescope capable of high-spatial-reso­
lution imaging of solar and stellar x-ray sources 
at precise spectral lines. Designed for use on 
the space shuttle or an orbiting space station, 
the telescope features a series of diffraction 
grating mirrors, reflecting different wave­
lengths, mounted on at least two rotatable 
carriers to obtain multiple magnifications and 
fields of view. 
Circle Reader Action Number 747. 

Rotationally-Actuated Prosthetic 
Helping Hand 
(US Patent No. 5,021,065) 
Inventors: William Norton, Jewell Belcher, 

James Carden, and 
Thomas West 

A new prosthetic hand for below-the-elbow 
amputees is easy to operate, comfortable, 
and durable. It consists of a cuff, a stem, a 
housing, two hook-like fingers, an elastic band 
for holding the fingers together, and a brace. 
The fingers are pivotally-mounted on a hous­
ing that is secured to the amputee's upper arm 
with the brace. The stem is rotationally­
mounted within the housing and secured to 
the cuff, which fits over the amputee's stump. 
By rotating the stem between the fingers with 
the lower arm, the amputee can open and 
close the fingers. 
Circle Reader Action Number 751 . 

High-Pressure Promoted 
Combustion Chamber 
(US Patent No. 4,990,312) 
Inventors: Michelle Rucker and 

Joel Stoltzfus 
A novel combustion chamber enables re­
searchers to observe the burning behavior of 
polymers and metals at pressures up to 10,000 
psi in various oxidizing environments. Sev­
eral pressure-tight viewing ports, capable of 
withstanding the simulated environmental 
conditions, allow real-time analysis of the test 
sample. An ASTM Standard Test Method is 
being developed that uses this chamber. 
Circle Reader Action Number 743. 

For more information about the inventions 
described above, including licensing proce­
dures, circle the corresponding number on 
the Reader Action Request Form (page 113). 0 
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TheRight 
Could Save You $25,000. 
HTBasic from TransEra will turn your PC into a scientific 
workstation at a fraction of the cost. A real alterna-
tive to a high-priced dedicated workstation, a PC 
with HTBasic gives you the capabilities you 
need for complex scientific/engineering 
applications, while retaining compat-
ibility to run and share data with 
standard PC software. 

The savings don't end with the 
workstation itself. With an HTBasic 
system, you can use industry-standard 
printers, graphic output devices, and networking 
systems. You get the flexibility you need to layout 
the system you want without being tied to limited 
offerings from one supplier. 

HTBasic is a state-of-the-art language whim gives you 
a number of advanced scientific/engineering features 
not found in other BASIC packages. 

Features sum as data acquisition and IEEE-488/RS-232 
instrument control syntax, COMPLEX arithmetic, 

matrix mathematics, complete HP-style graphics, 
a comprehensive on-line help facility, and many 

more, add up to increased productivity for all 
levels of users. 

The right choice for your next 
engineering workstation is a PC 

with HTBasic. Call or write us 
today for more information. 

TransEra 
Engineering Excellence for 15 YearsTli 

3707 N. Canyon Road Provo, UT 84£04 
(801) 224-6550 Fax (801) 224-0355 
Circle Reader Action No. 473 



To open the window of opportunity in solving 
DSP and Image problems, open our window first. 
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Comprehensive Advanced Signal Processing Environment for Engineers and Scientists. 
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International Representatives 

For more information, including 
catalog, contact: 

Hyperception, Inc . 
9550 Skillman LB 125 

Dallas, TX 75243 

Phone: 214-343-8525 
FAX: 214-343-2457 
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