


Warning: Graphical Content 
May Lead To Excessive Productivity. 

JOin the crowds flocking to use the 

number one blockbuster of the decade. 

LabVIEW - it's the biggest hit in virtual 

instrumentation. LabVIEW graphical 

programming is proven to increase 

productivity by at least four to 10 times 

over that of traditional languages. Every 

day, thousands of LabV1EW users save 

their companies valuable time and 

money. And, they're having lots of fun 

developing with LabVIEW. To see what all 

the critics are raving about, call for your 

FREE LabVIEW Productivity Study today 

• __ l1li NOW SHOWING AT COMPUTERS EVERYWHERE 
(popcorn not included). 

'As shown in TlitM World Mari<eting Insight Study, 1995; Sensors Data Acquisition Survey, 1995; P£litiN Data Acquisition Survey, 1996 
' ''TeIemetJy Monitoring and Display Using labVlEW' NI User Symposium Paper, George Wells lit Ed Baroth, jet Propulsion laboratory, 
California Institute 01 Technology, Pasadena, CA 

NATIONAL 
INSTRUMENTSII 

The Software is the Instrument-

U.S. Corporate Headquarters 
Tel: (512) 794-0100 • Fax: (512) 794-8411 

info@natinst.com • www.natinst.com 

C Copyright 1997 National Instruments eorporaoon. All rights reseM!d Product and company nomos 
listed are trademarks or lIade names of their r6peClrve companies. 

For More Information Write In No.600 

LabVIEW 
ProductMty S!udy 

+ 

Call for your FREE LabVIEW 

Productivity Study today. 

(800) 433-3488 

FREE evaluation software available 
Point your Web browser to www.natinst.com to get , 
complete schedule of upcoming techrtlcaJ seminars. 
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1D. feSTEQUITY 
Brand New 
~ TQ Instrument Rack 

System 
Fully Assembled. 
from s1,249 

Brand New (SRS) 
~ Stanford 

Research Systems 
SR780 
2-Gh ., 102 kHz 
FFTNetwork 
Signal Analyzer 
Only 59,950! 
Save as much as 50% 
over competing models. 

~ SRSDS345 
30 MHz 
Function Generator 
s1,595 

.. SRS SR630 
16 Channel 
Thennocouple Monitor 
51,495 

XANTREX 
Brand New 
~ Xantrex XFR-Series 

Power Supplies 
1 ,200 Watts 
s1,350ea. 

~ Xantrex XHR-Series 
Power Supplies 
1 ,000 Watts 
51,795 

ReNewed™ 
~ Hewlett-Packard 

3325A 
Synthesized/Function 
Generator 
1 /lHz to 21 MHz 
$2,995 

ReNewed rM 

~ Hewlett-Packard 
8591E/10/21 
Spectrum Analyzer 
9kHz to 1.8GHz 
$14,995 

ReNewedni 

~ Envir onmental 
Chambers and Ovens 
Thermotron, Tenney, 
Envirotronics & More 

Tektronix 
/ 

Brand New 
~ Tektronix 

Real-Time 
Digital Scopes 
TDS 200 Series 
60 or 100 MHz, 1 Gsfs 
from 5995 

Big Savings. 

Get Big Savings on Test Equipment 
from TestEquity. 

Brand New + ReNEWeS Test Equipment 
Yes, you can save up to 50% on high-quality test equipment; all the top brand 
names, including Hewlett-Packard, Tektronix and Fluke. And now there's brand 
new TQ Instrument Racks, brand new Xantrex Power supplies and brand new 
test equipment from Stanford Research Systems, all priced up to 50% less than 
competing models! Call or log-on for the catalog that includes the latest arrivals 
and sale priced specials that will solve your test requirements at the best price. 

1-800-426-3457 
locaJ or Inti. call (805) 498-9933 • FAX (805) 498-3733 
Ready to answer your caD from 6:30 om. Padflc TIme. Monday Ihru friday 

TestEquity is your authorized stocking 
distributor of Tektronix oscilloscopes. 

http://WWW.testequity.com 
For More Infonnation Write In No.S48 



Results . Our production solid modeling solutions help thousands of customers 

worldwide operate more efficiently with faster time-to-market - from Alcoa in the US 

to Sindo-Ricoh in Asia. With this kind of success, it should come as no suprise that 

SolidWorks experienced the best first year of any CAD company in history, with more 

first year revenue than PTC and Autodesk - combined. 

Why the move to SolidWorks? We provide the highest quality solid modeling and 

mechanical design solutions in the market. Bar none. Our products are consistently 

released on time. They move our customers quickly into production. And offer Windows· ­

native ease-of-use, 100% editability for design flexibility, and productivity gains up to 60%. 

All for only $3,995 (USD)~ 

Experience the power of SolidWorks today. 

For a FREE interactive CD and the location of a reseller near you, 
call 800-693-9000, ext. 304. Or visit our Web site to learn more 
about upcoming SolidWorks seminars. , , 

IIIImmllImriliI 
'Internationally. SoIidWOO<s IS priced locally. c CopyrIght 1997 SoIidWol1<s C«pofation. All rights reserved. SoIidWoI1<s Is a trademar1< 
of SoIldWoI1<s C«pofation. All other company and product names are trademarks or registed trademarks of their respective owners. 

For More Information Write In No.690 
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The Omni-Hand robotic hand module with an 
opposable thumb and interchangeable digits can 
accommodate a variety of tools. Built for NASA for 
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Minneapolis, MN through an SBIR grant. For more 
information on the Omni-Hand and other robotic 
j oints originally designed for NASA, see Mission 
Accomplished on page 18. 
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Can Your FEA Software 
Predict Dynamic Response with Load Stiffening? 

Displaa:menl versus TIme I . I JL' Lowerfrequencles 

The "A" note is correctly predicted 
by a displacement-versus-time graph 
which was automatically generated 

during the actual run. 

liN 4 1 1 f = 11 cycles/O.1 second 
f = 110 Hertz (cycles-per-second) 

We used a guitar to confirm that Algor's Linear Natural Frequency 
Analysis and Accupak/VE Nonlinear Virtual Engineering Software 

accurately predict frequencies and dynamic response 
as a result of load stiffening. 

r-------------------- --------------- ~ ----, 
: Three ways to order Algor's product information I • RL IiDR 
I CD-ROM which includes the "Guitar" Feature Video, plus: l 
lr---::;;iii",;;;;;::--, More vIdeo de '05 of lob tests confirming Algor results · : ® 

The latest soltwore lor you 10 try • In-depth product r'o • l 
Case is ones • Po erfu sea c.h capability • ~osler a :ess than I 

the Internet • ACcuracy verific ... ti"ns • The ,A I']or Des gr 'arid : 
newsletter · An Internet browser, or use your own · InFormation : 
on Educo jonol books, videos and CD-ROMs I 

I 
1) Call or e-mail now : 

v(R1UAL 
When tlif1\Engineer ing 

Has to be Right'" 
Algor, Inc. 

2) Order at Algor's Web Site: WWWALGOR.COM ! 150 Beta Drive, Pittsburgh, PA 15238-2932 USA 
..-. ............ 3) Complete this form and fax to: +1 (412) 967-2781 I 

Name _________ ,Company 

Address ____________________ _ 

City State/Provo ZipfPostal Code ___ _ 

Country ________ Telephone _________ _ 

Fax E-mail ________ __ _ 

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

I Phone: +1 (412) 967-2700 

Fax: +1 (412) 967-2781 

California: (714) 564-0844 

Europe (UK): +44 (1) (784) 442 246 

E-mail: info@algor.com 

For More Information Write In No.S32 
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What kind of Computing device do YOU need? 
Are your problems too big fo r your computer? Are 

you do ing more wa it ing than working? Then you need 
the newest HAL wo rkstat ion, the HALstation"385. 

The 385 is a 64-b it super wo rkstation, powered by 

the aston ishingly fast SPARC' 64- 11, and boasting the 

highest memory throughput ava il able. Just the th ing fo r 

solving the toughest engineeri ng and research problems. 

like all HALstations, the 385 runs our fu lly Solaris-
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compatible 64-b it O/ S, so it fl ies by the UltraSPARC 

with 40% better pe rfo rmance. While still runn ing all your 

SPARC/ Solaris' appli cations. 

Best of all , the 385 is undf'r $20K. And if you book 
before March 1st, we'll th row in a memory upgrade, free. 
Call us at 1-800-425- 0329 or drop in on www.ha1.com 

It's the computing 

dt'vice you really need, now. 

I 
HAbtiitlon 18~ 

U'~r.SP"RC Work .. tatlon 
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01991 HAL. COI7tput.r ~ HAl MJd eM HAl", ~ R9~"rtd l1.!dHn.t~ and tf~CfI lOG " .. lJ~ «HAl Corrtouw 5,\te-m ... fnc.. SPARe. SPARe64 .tnd SPARC64/OS aft t1~ru. of SPARe Ir4.fflI.uONi. II'IC-.. 
~ hySPAflC Il'Itnnifbarlil!. Inc... to HAl COIT!CutPf Sr.ot~rm.. Jnc. Fuji~ t\ ... tr~rltfll f~l!Ml. li",itf'd. SoLtn!o li.a n-gI~tr~ cf SiIn Maeto\~ Inc. 
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STORE 
COMPUTER SIGNALS 
AT HIGH 
RESOLunON 
(HDTV STANDARD) 

INTRODUCING ••• 
THE VIDEOLINK HOlM 

Now you can record RADAR, SONAR and other 
tactical displays. The Videolink HD system lets you store 
everything displayed on a high resolution system to HDTV 
videotape. With 1024 lines of video resolution plus two 
channels of audio, you can capture all the action - every 
moment - every comment - for a definitive record of 
mission critical data . 

Three hours of recording per cassette tape, a small 
physical package and low cost make an unbeatable 
combination. 

The Videolink HD wi ll revolutionize your monitoring and 
archiving . For detai ls, speak with one of our sales 
representatives at 15 10) 814-7000 or visit us on 
the web at http://www.rgb.com. 

Autosync 

Freeze frame 

Real time operation 

Full color 

10 

Inputs up to 90 kHz 
horizontal scan rate 

View on standard 
multisync monitor 

Training and simulation 

Control room monitoring 

Medical archiving 

Trade show presentations 

Scientific research 

SPECTRUM· 
a visual communications company-

950 Morino Village Parkway 
Alameda, California 94501 
1510) 814-7000 (5101 814-7026 FAX 
E-mail: sales@rgb.com 
hHp:/ /wwN.rgb.com 

For More Information Write In No. 400 
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Less Than You 

Here's a full-featured test and mea­

surement package that will surprise 

you. Combine our new DA5-1700 Series 

high-performance I/O boards with 

Testpoint software and you have the 

TestPoint'" ... software supports data 

acquisition from DAS-1700 boards and 

offers easy drag-and-drop analysis and 

display capabilities. Designed for re­

search and development applications, 

perfect match of performance and TestPolnt is an integrated environment 

price. with built-In math, analysis, statistics and 

DAS.1700 .. . these new boords include 

drivers for Windows 3.)(' 95 and NT and 

offer 12 or 16-bit resolution and sampling 

speeds up to 160 kHz/second. They're 

ideal for high-speed monitoring and 

high-performance waveform capture 

and output. 

graphics functions. It runs under Windows 

so all data can be sent automatically to 

other Windows-based programs. 

Low price ... you can get a DAS-

1700 board with TestPoint - a complete, 

ready-to-use. test and research pockage 

- for as low os $1598. 

Act soon - this special pricing is for 

a limited time only. For more Information 

and technical specs, please call us: 

TOll FREE: 800-348-0033. 

TestPoint 
offers easy. 
drag-and­
drop 
application 
development. 

Visit us on line: 
ht1p: I I www.metrobyte.com 

I(EITHLEY METRABYTE 

For More Information Write In No,620 



NASA 
Commercial 
Technology 
Team 

NASA's R&D efforts produce a robust supply of promising technologies with applications in many 
industries. A key mechanism in identifying commercial applications for this technology is NASA's 
national network of commercial technology organizations. The network includes ten NASA field cen­
ters, six Regional Technology Transfer Centers (RITCs), the National Technology Transfer Center 
(NTTC), business support organizations, and a full tie-in with the Federal Laboratory Consortium 
(FLC) for Technology Transfer. Call (206) 683-1005 for the FLC coordinator in your area. 

NASA's Technology Sources 
If you need further information about new technologies presented in NASA Tech Briefs, 
request the Technical Support Package (TSP) indicated at the end of the brief. If a TSP is 
not available, the Commercial Technology Office at the NASA field center that sponsored 
the research can provide you with additional information and, if applicable, refer you to the 
innovator(s). These centers are the source of all NASA-developed technology. 

Ames Research Goddard Space Johnson Space lAngley Research Marshall Space 
Center Flight Center Center cnw Flight Center 
Selected techno- Selected techno- Selected techno- Selected techno- Selected techno-
logical strengths: logical strengths: logical strengths: logical strengths: logical strengths: 
Fluid Dynamics; Earth and Artificial Aerodynamics; Materials; 
life Sciences; Planetary Intelligence Flight Systems; Manufacturing; 
Earth and Science and Human Materials; Nondestructive 
AtmospheriC Missions; LlDAR; Computer Structures; Evaluation; 

Sciences; Cryogenic Interface; Sensors; Biotechnology; 
Information, Systems; Ufe Sciences; Measurements; Space 
Communications, Tracking; Human Space Information Propulsion; 

and Intelligent Telemetry; Flight Operations; Sciences. Controls and 

Systems; Command. Avionics; Sensors; Dr. Joseph S. Dynamics; 

Human Factors. George Alcom Communications. Heyman Structures; 

Bruce Webbon (301) 286-5810 Hank Davis (804) 864-6006 Microgravity 

(415) 604-6646 ga/com@gsfc. (713) 483-0474 j.s.heyman Processing. 

bwebbon@mail. nasa.gov hdavis@gpl0l.jsc. @Jarc.nasa.gov Harry Craft 

arc.nasa.gov nasagov (205) 544-5419 

Jet Propulsion harry. craft@msfc. 

Dryden Flight laboratory Kennedy Space nasa.gov 
Research Center Selected techno- Center Lewis Resean:h 
Selected techno- logical strengths: Selected techno- CenIBr 
logical strengths: Near/Deep- logical strengths: Selected techno- Stennis Space 
Aerodynamics; Space Mission Environmental logical strengths: Center 

Aeronautics Engineering; Monitoring; Aeropropulsion; Selected techno-

Flight Testing; Microspacecraft; Sensors; Corrosion Communications; logical strengths: 

Aeropropulsion; Space Protection; Energy Propulsion 

Flight Systems; Communications; Bio-Sciences; Technology; Systems; 
Thermal Testing; Information Process Modeling; High TesVMonitoring; 

Integrated Systems; Wor1< Planning! Temperature Remote Sensing; 

Systems Test Remote Sensing; Control; Materials Nonintrusive 

and Validation. Robotics. Meteorology. Research. Instrumentation. 

Lee Duke Merle McKenzie Bil/Sheehan Ann Heyward Kirk Sharp 
(805) 258-3802 (818) 354-2577 (407) 867-2544 (216) 433-3484 (601) 688-1929 

duke@iouie.dfrf. merle.mckenzie@ bil/sheehan-l@ ann.o.heyward@ ksharp@ 
nasagov ccmaiJ.jpJ.nasa.gov ksc.nasa.gov Jerc.nasa.gov ssc.nasa.gov 

NASA-Sponsored Commercial Technology Organizations 
These organizations were established to provide rapid access to NASA and other federal R&D and 
foster collaboration between public and private sector organizations. They also can direct you to the 
appropriate point of contact within the Federal Laboratory Consortium. To reach the Regional 
Technology Transfer Center nearest you, call (800) 472-6785. 

Dr. David Moran Dr. William Gasko Gary Sera Chris Cobum 
National Technology Center for Technology Mid-Continent Great lakes Industrial 
Transfer Center Commercialization Technology Transfer Technology Transfer 
(800) 678-6882 Massachusetts Center Center 

Technology Park Texas A&M University Battelle Memorial 
(508) 870-0042 (409) 845-8762 Institute 

Ken Dozier (216) 734-0094 
Far-West Technology J. Ronald Thornton Lani S. Hummel 
Transfer Center Southern Technology Mid-Atlantic Technology 
University of Southem Applications Center Applications Center 
California University of Florida University of Pittsburgh 
(213) 743-2353 (904) 462-3913 (412) 383-2500 

NASA ON-LINE: Go to NASA's Commercial Technology Network (CTN) on the World Wide Web at 
http://nctn.hq.nasa.gov to search NASA technology resources, find commercialization opportunities, 
and leam about NASA's national network of programs, organizations, and services dedicated to tech­
nology transfer and commercialization. 

NASA Program Offices 
At NASA Headquarters there are 
seven major program offices that 
develop and oversee technology pro­
jects of potential interest to industry. 
The street address for these strategic 
business units is: NASA Headquarters, 
300 E St. SW, Washington, DC 20546. 

Gene Pawlik 
Small Business 
Innovation Research 
Program (SBIR) 
(202) 358-4661 
gpawJik@oact.hq. 
nasa.gov 

Dr. Robert Norwood 
Office of Space Access 
and Technology (Code X) 
(202) 358-2320 
morwood@oact.hq. 
nasa.gov 

Philip Hodge 
Office of Space Flight 
(Code M) 
(202) 358-1417 
phodge@osfmsl .hq. 
nasa.gov 

Gerald Johnson 
Office of Aeronautics 
(Code R) 
(202) 358-4711 
gjohnson@aeromaiJ. 
hq.nasa.gov 

Bill Smith 
Offlce of Space Sciences 
(CodeS) 
(202) 358-2473 
wsmith@Sm.ms.ossa. 
hq.nasa.gov 

Bert Hansen 
Office of Mlcrogravily 
Science Applications 
(Code U) 
(202) 358-1958 
bhansen@gm.oJmsa. 
hq.nasa.gov 

Granville Paules 
Office 01 Mission to 
Planet Earth 
(Code VI 
(202) 358-0706 
gpauJes@mtpe.hq. 
nasa.gov 

NASA's Business Facilitators 
NASA has established several organi­
zations whose objectives are to estab­
lish joint sponsored research agree­
ments and incubate small start-up 
companies with significant business 
promise. 

Karen Robbins 
American Technology 
Initiative 
Menlo Park, CA 
(415) 325-5353 

Dr. Jill Fabricant 
Johnson Technology 
Commercialization 
Center 
Houston, TX 
(713) 335-1250 

John Gee 
Ames Technology 
Commercialization 
Center 
Sunnyvale, CA 
(408) 734-4700 

Dan Morrison 
Mississippi 
Enterprise for 
Technology 
Stennis Space 
Center, MS 
(800) 746-4699 

If you are interested in information, applications, and services relating to satetlffe and aerial data for Earth resources, contact: Dr. Stan Moram, Earth Analysis Center, (505) 277 -3622. 
For software developed with NASA funding, contact the Computer Software Management and Information Center (COSMIC) at phone: (706) 542-3265; Fax: (706) 542-
4807; E-mail: http://www.cosmic.uga.edu or servlce@cosmic.u9a.edu. 
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Serious data acquisition professionalS 
have no time for nostalgia. · 

1922 

No wonder so many of you have switched to one of the 
Data Translation high-performance, low-cost PCI -EZTM boards. 
Unmatched Price/Performance 
Data Translation PCI-EZlM data 
acquisition boards for the PCI bus 
provide the best price/perfor­
mance available in the market 
today_ Unlike lSA-based boards. 
the performance of the PCI- EZ 
boards isn't limited by the bandwidth 
of the bus. The PCI-EZ boards allow 
simultaneous analog input, analog 
output, and digital 110 operations 
without compromising data integrity 
or adding lots of expensive memory. 

In addition, the tremendous performance of our family 
ofPCI-based products is offered at the same price as 
an ISA-based board The result is that Data Translation 
boards are, by far, the best value in the industry. 

New Technology VS. Old 
Because PCI is the bus of the 
future. you are protecting your 

data acqui ition investment 
by selecting one of our PCI-EZ 

boards. Like many other tech­
nologies,lSA is quickly becoming 

obsolete and inadequate in meeting 
the needs of today's data acquisition 

profeSSionals. Don't settle for 
yesterday's technology. Meet your 

needs of tomorrow with PCI-EZ. 

Protect your Software Investment 
DT-Open Layers® provides a set of open standards for 
developing software under Wmdows® 3.1, 95, and NI 

ow you can change your operating system or or board 
without rewriting your data acquisition program. 

Solution Partners Program 
Through our expanding Solution Partners Program, 
Data Translation provides an extensive range of 
compatible third party applications software. Now, 
your data acquisition needs are conveniently met by 
one company-Data 1JansIation! 

So call us today, and discover for yourselfwby PC(·EZ 
is such a great find! 

1-800-525-8528 
INTERNET: http://www.dalX.com 

EMAI1: info@datx.com 

DA7l1 TRANSLATION 

World Headquarters: (508) 481 -3700, UK. Headquarters: 0118 979 3838, Germany Headquarters: (07142) 95 31-0 
Dati Translatlon and DHlpen I.aym are regisrered IJademarl<s of Dala Translation. inc. PCHZ IS a IJademar1c of Data Translation. inc. Windows is a regiStered trademark 01 Microsoft Corporabon. 

For More Information Write In No.575 





You've got ideas. But do you have the 

tools to visualize them? You do with 

HP Technical Computing Systems. The 

leading price-performance HP UNIX--

and Windows· NT-based workstations 

and scalable supercomputers give 

you powerful graphics capabilities and 

real-time data analysis. So in addition 

to running world-class applications 

quickly and collaborating instantly with 

colleagues, you can make your vision 

a reality. Please call 1-888-844-6547 

or visit www.hp.com/go/ technical 

Im.~. COUrtllY of EnVI" .. nng "",mabon. Inc. ltnd.c.~ photo courtay Df 
Nlbonll Spin $cIancI Data t.nter. UNIX II' ,~lJt.(.d tfIodtmet .. m m. US ,n" 

:tIS t~~~~(~Il~d:~.~-:~U~%·r~,:ht1~ ~~~i ~:=~~~ .. :-t!mO:~; 

Flin- HEWLETT® 
a:~ PACKARD 



Active DAQ 
Over the 
Internet 

ComponentWorks™ 
With ComponentWorks and 
ActiveXcontro~, youcan 

build active, instrumentation­
based web pages to run your 
data acquisition experiments 
over the Internet. 

ActiveX Controls for 
Vutuollnstrumentation 
• Graphs • Knobs 
• Meters • Gauges 
• DAQ controls • Analysis 

World-Wide 
Instrumentation no 

• Download experiments 
developed in ActiveX and 
VS-saipt 

• Run Internet Explorer or 
Netscape Navigator 

• Visit www.natinst.com/cworks 
for free examples 

Call (BOO) 433-3488 
today for the MBulldlng 
Intemet-Enabled 
Vlrtual lnstrumentsw 

paper and a FREE set of 
evaluJt/on controls. 

,a,: NATIONAL 
,-JtlaI!Y~~!! 

u.s. CorporaI8 Hea;Iquarters 
Tel: (512) 7940100 • Fax: (512) 794a411 
irio@nati1st.a: • YNNt'.rWlSt.oom __ ~chd.oI1t:es.m ___ 

O~I9'11,......~CorpontiDn..AI" 
rarnoed..Pmcbs..t~_ IiIRd .-rtndm.t. or 

treck_«d.w~~ 

For More Information Write In No. 401 

fa~~ENTS 
Ouer the past thTU decades, NASA has granUd mort than 1000 patmt licenses in virtually tVtry area 
of Itchnowgy. The agency has a portfolio of 3000 pa/tnts and ptnding applications available now 
for lictnst by businesses and individtLals, including thest reuntly pa/tnted inventions: 

Controlling Flexible Robot 
Arms Using High Speed 
Dynamics Process 
(U.s. Patent No. 5,546,508) 

Inventors: Abhinandan Jain 
and Guillermo Rodriguez, 
Jet Propulsion Laboratory 

Controlling robot manipulator arms i 
a familiar problem addressed in many 
publications. The present invention is a 
method and apparatus for controlling 
robot arms having flexible links using a 
high-speed recursive dynamics algorithm 
to solve for the acceleration oflink defor­
mation and hinge rotations from speci­
fied body forces applied to the links. The 
invention uses spatiaJ operators to devel­
op new spatially recursive dynamics aJgo­
rithms for flexible multibody systems. In 
one embodiment, the controller oper­
ates by comparing the computed accel­
erations to desired manipulator motion 
to determine a motion discrepancy, and 
correcting the specified body forces so as 
to reduce the discrepancy. 

For More Information Write In No. 771 

Analysis of Supercritical­
Extracted Chelated 
Metal Ions from Mixed 
Organic-Inorganic Samples 
(u.s. Patent No. 5,561,066) 

Inventor: Mahadeva P. Sinha, 
Goddard Space Fl ight Center 

Mass spectrometry (MS) or gas chro­
matography-mass spectrometry (GC-M ) 
is widely used in the laboratory and the 
field for the anaJysis of the organic con­
tent of environmental samples. But it has 
not been used to detect and quantify 
metal or metal ions in these samples 
because of the problem of extracting and 
presenting them to the MS in vapor 
form . The new process adds an oxidizing 
agent to the sample to form metal ions, 
which are then converted to chelate com­
plexe . These are brought into a vapor 
form by supercriticaJ fluid extraction. 
Thus MS can be used in on-site analysis 
of environmental samples for both metal 
and organic content, enabling detection 
and quantification of metals in samples 
without extensive preparation or a sepa­
rate instrument. The cost savings are said 
to be substantial. 

For More Information Write In No. 772 

www.nasatech .com 

Displaceable Spur Gear 
Torque Controlled Driver 
and Method 
(U.s. Patent No.5S72.905) 

Inventor: Joseph S. Cook Jr., 
Lyndon B. Johnson Space Center 

When tightening fasteners, such as 
nuts, crews, or the like, it i often desir­
able to apply a electively limited or con­
trolled torque to one or more, ince 
overtorquing can cause fastener failure 
and component damage. The improved 
apparatus's driver housing has two gear 
shafts with paraJlel axe of rotation, each 
with teeth mounted around the circum­
ference. The second gear is carried by a 
support member that is displaceable in a 
lateraJ direction from the first shaft axis, 
and that can be biased into meshing 
engagement with the first to apply 
torque. Some of the teeth , however, are 
angled to p roduce a separating force in 
response to the engagement between the 
gears. Torque is transferred until the sep­
arating force overcomes the bias, sepa­
rating the two gears and ending torque 
transfer to the fasteners. 

For More Information Write In No. 773 

Long Life Na/NiCh Cells 
(u.s. Patent No. 5,573,873) 

Inventors: Ratnakumar V. Bugga, 
Subbarao Surampudi, and Gerald 
Halpert, Jet Propulsion Laboratory 

A new class of sodium rechargeable 
batteries based on transition metal chlo­
rides as positive electrodes has emerged 
in the last decade. Both Na/ FeCI2 and 

a/ iCl2 systems have demonstrated 
excellent performance in small and 
large cells and in batteries. But agglom­
eration of the electrode particles, caus­
ing premature cycle-life fai lure, is a 
problem with iC12• Addition of sulfur 
alleviates this problem almost complete­
ly, but it is aggressive to the cell compo­
nents, causing corro ion. But addition 
of a minor amount, such as 10 percen t 
by weight, of a transition metal such as 
iron, cobalt, or manganese p revents 
agglomeration and maintains the elec­
trode's morphology and its electro­
chemical area. The additives do not 
affect sintering. Addition of sulfur to 
the liquid catholyte is expected to fur­
ther reduce agglomeration. 

For More Information Write In No. 774 
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The 
MATH 

~ 

New release! 

ATLAB®5 
The Language of 

Technical Computing 

New features include: 
• Data structures and types, including multidimensional arrays 

and user-definable objects 

• Programming environment with visual debugging, interactive 
performance optimization, and online references 

• Interactive graphical interface (GUI) layout and development 

• Fast, accurate advanced visualization and 3-D modeling 

• Visual interfaces for Signal Processing and Control System 
Toolboxes and a new release of SIMULINK* 

Available Now! 
Call 508-647-7000 

'b find out more about MAnAs 5, S1MUUNK 2, and the new toolbox updates, 
caD oow and request KP167 10 receive your free edition of MAnAs 5 News & Notes. 

hHp:/ /www.mathworks.com/nlb 
For more infonnation on our OEM/VN!. program, visit our Web site at 

http://www.mathworb.com/oem. or coD us at 508-647·7253. 

New editor/debugger simplifies 
MKfLAB code development 
for analysis, algorithm design, 
and system prototyping. 

M/JIAB lets you model 
complex data graphically. 
Here, lighting effects highlight 
topography data. Source: NOAA. 

New GU15 ill Signal Processitlg 
Toolbox 4.0 make signal analysis 
faster and easier. 

The ~WIxks. foc. - 24 Prine I'lIk Wuy, No1d, IIA 01 76().lSOO USA - lei: (SOB) 647·7000 - lux: (SOB) 647·1101 -.mllh(~ -hnpj/~ 

&npDymem ~ lrtIjrJ/www.mott-kuanv.newjobs.ld!rj - lIAIl.Uinfduamon:hnpj/edumtion.malbworh.mm 

The MathWOOcs is ~ II: AustraIla: + 61·2-9922-6311 • Benelux: + 3H)182-53-7644 - BrazlI: + 55-11-316-3144 ' CzIIcII Republic: + 42·2-6&-44-174 -FI8I1Ce: + 01~1·14-67·14 - GennanylAustria: + 49-241-470750 
india: + 91~ - Istae!: .972-3-561·5151 -1taIy:+39-11·24.a5-332 - Japan: + 81·3-5978-5410 - _ + 82·2-558-1257 - New Zealand: + 64-7-63&-9102 - Poland: + 49-12·17~ - ScandIntMa: + 46-3-1>30-22 
~ + ~ -South Africa: +27·11-403-2695 - SpairV\'o!1ugaJ: + 34-(9)3-415-4!HM ' SWftzoIIand; + 41·31-882-0288 -Taiwan: + 886-2-501-3787 - UnlIed Klngdom: + 44-1223-123-200 

C 1997 by The MalIlWorks, 100. All Rights ~. MATlAB and SIMUUNK are regislBfed Ilademarks 01 The MaIhWorks, Inc. Other products or brand names a'" trademarks or regis1e<ed IJademarks 01 their respec;tive holders. 
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ccomplished 

T he word "robot" often conjures up 
images of the human-like machines 

een in cience fiction films. But, in 
fact, real-world robots and 
robotics often are more re­
markable in their capabili­
ties than their fictitious 
counterparts. With funding 
through ABA's Small Bus­
iness Innovation Research 
(SBIR) program, Ross-Hime 
Designs of Minneapolis, MN, 
has developed and commer­
cialized a number of real­
world robotic joints, as well 
as a humanoid robot that 
incorporates human motion 
and dexteri ty. 

Shuttle Orbiter Tessalator project with 
ABA's Kennedy Space Center. Kennedy 

has used the Omni-Wrist to spray ealant 

for pace robotic applications such as 
equipment maintenance and pace 
exploration, which require a robotic de­

vice with dexterity equiva­
lent to that of an astronaut's 
fingers and wrist. The hand 
module features interchange­
able digits, as well as an op­
posable thumb that allows 
the hand to accommodate 
tools. It has its own integral 
wrist with pitch, yaw, and 
roll, and is powered by 
miniature electric linear 
actuators called Minnacs, 
which function like human 
muscles. 

The Future is Now 
Incorporated in 1987 by 

Mark Rosheim, the company 
researches and develops new 
motion technology for appli­
cations in automation and 
robotics. Some of Ross-Rime 
Designs ' major customers 
include Lockheed Martin, 
the Department of Defense, 
the Department of Energy, 
and NABA. In January 1987, 
the company received its first 
Phase I SBIR grant from 
NABA's Langley Research 
Center to design a computer­
controlled, dexterous, com­
pact telerobot wrist module 
for space station mainte­
nance and space exploration. 
The result was the Omni­
Wrist, the first mechanical 
wrist to solve the problem 

The Robotic Surrogate - originally designed for NASA's Johnson Space Center 
- has a range of motion similar to that of a human's upper torso. 

Ross-Hime Designs took a 
big step into the future 
when it designed the Ro­
botic Surrogate for NABA's 
Johnson Space Center 
(JSC) through Phase I and 
II SBIR grants awarded in 
December 1993 and Janu­
ary 1995, respectively. The 
anthrobot, which possesses 
the range of motion associ­
ated with the upper torso of 
the human body, was de­
signed for space station 
maintenance, interplane­
tary exploration, and to 
construct astronaut base 
camps on Mars in anticipa-

of singularity - the inability 
to make certain motions within the 
work envelope. The wrist provides 180 0 

of motion, and forces to 250 foot­
pounds. 

Following a Phase II grant in July 
1988, the Omni-Wrist was commercial­
ized by Craco Robotics, which sold more 
than 100 of the modules for uses such as 
spray painting and sealant application. 
Ross-Hime Designs now markets the 
product exclusively. 

The Omni-Wrist has been purchased 
by ABA's Jet Propulsion Laboratory 
(JPL) for its Hazbot robot project and by 
Carnegie Mellon University for its joint 

18 

on the space shuttle tiles, and 
it is being further adapted for 
microsurgery applications by 
JPL. MicroDexterity, a Costa 
Mesa, CA-based company, is 
using the wrist module for use 
in microsurgery and other 
medical applications. 

ABA's Marshall Space 
Flight Center awarded Ross­
Hime a Phase I SBIR grant in 
January 1988 and a Phase II 
grant in ovember 1989 for 
the design of a robotic hand. 
The Omni-Hand was designed 

www.nasatech.com 

(continued on page 20) 

Omni-Hand was designed for space applicat ions requiring 
the dex terity of an astronaut's fingers and wrist. The project 
was the resul t of an SBIR grant through NASA's Marshall 
Space Flight Center. 
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Backup 64 GB An Hour To The 
Strongest Tape Ever Made 

5 
6 
5 

Plug Compatible 
With 

Alliant 
Alpha Micro 

Altos 
Amdahl 
Apollo 

Arix 
AT&T 

Basic-4 
Bull 

Concurrent 
Convergent 

Data General 
Digital 

GouldlEncore 
Harris 

Honeywell 
HP 

IBM PC/Compatible 
IBM MidrangelMainfrllme 

ICL 
Intergraph 
Macintosh 

McDonnell Douglas 
Motorola 

NCR 
NeXT 
Novell 
Pertee 
Prime 

Pyramid 
Sequent 

Silicon Graphics 
Stratus 

Sun 
Texa. Instruments 

Uni.y. 
Ultimate 

Wang 
Window. NT 

ausv TAPE ~1VS BUSY ""TAPE STAl\.lS 
7 ~ . . ----

Let's face it, your backup is only as good as your tape. And all the performance 

in the world won't get your data back if your tape is weak or dirty. Fortunately, 

there's no need to compromise. The CY-8000 is the safest, the most 

reliable, and the fastest 8mm tape drive on the market. 

The CY-8000 uses Advanced Metal Evaporated media, a 

100% cobalt, 2-layer tape that features a diamond-like coating for 

exceptional durability. And it's the only 8mm drive with a built-in head cleaner 

to keep the tape path free of contaminants, further ensuring data integrity and 

virtually eliminating the time and expense associated with cleaning kits. 

In addition to superior design, the CY-8000 offers unbeatable performance. Able 

to store 25 G8 at 3 M8S, uncompressed, you can achieve up to 125 G8 at 9 M8S 

with optional data compression. With 257% more capacity and 500% 

greater speed- than industry standard 8mm drives, the CY-8000 can 

backup faster to fewer tapes. 
7bt <U(Jtriur ik>1B" of the 

MfE /IJfJ' MIl" U ruflabie 
for 2O.fXXl pasz 

For maximum flexibility, our exclusive Advanced SCSI 

Processor option provides five recording modes - striping, ...... ~ 
mirroring, cascade, independent, and offline copy/verify. So you can 

easily make duplicate tapes for off-site storage or data exchange, build fault 

tolerance, or simply maximize performance to accomplish bigger backups in 

less time. With the Advanced SCSI Processor, you've got a complete data 

storage management tool. 

Available in a single or multi-drive desktop, rack mount, or library 

configuration, the CY-8000 is scalable to 15.75 terabytes. If you need to 

ensure the safety of your company's critical data, don't trust anything less. 

.. 

Au/omale access 
lOUPlO"" 
tln/'eSQnd 

126 "pes ",/b 
our 1nJt/J1/I<"I/ 
/lJfJ'llimJry 

• Uncompressed; CY-BOOO performance advantages 
are even more impressive with data compression. 

(757) 833-9000 
.:--~"" ::~~:"":.NETICS - - - - -- - .. - ...... - -- - . - -- - -- -- - ----':. :: ':: : ":. 

~ : L-=-=== "::.. 
111 Cybernet ics Way • Yorktown. VA 23693 • Fax (757) 833-9300 

For More Information Write In No.562 
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tion of a manned mi ion. The "robotic carpenter" i a ur­
rogate to human astronauts, eliminating the dangers of 
extra-vehicular pace exploration. 

The Robotic urrogate i a 43-axis electrically powered 
humanoid robot that incorporate both the Omni-Wri t in its 
houlder rotator cuff, and a econd-generation Omni-Hand 

for its hand and wrists. The robot' human-like flexibility 
come from operating shoulder blade, pine, and fingers. It 
is con n-ucted primarily of aircraft-grade aluminum; the 
spine and houlder are made of titanium and the houlder 
joints are tainle teel. 

A Robotic urrogate recently was old to the Korean 
Institute of dence and Technology (KIST) for use in re-
earch and development. The robot has potential commer­

cial applications as a replacement for human in hazardous 
environments such as nuclear and chemical facilities, muni­
tions di po al areas, hazardous waste removal, under water, 
and other application in which repetitious tasks require 
complex motion from a single robotic body. 

FOT mOTe information, contact MaTk Rosheim, president, Ross­
Rime Designs, 1313 5th Street SE, Minneapolis, MN 55414; Tel: 
612-379-3808; Fax: 612-379-3875; E-mail: mrosheim@Visi.com. 

An S81R grant awarded by NASA Langley in 1987 funded Ross-Hime Designs' 
Omni-Wrist, which was commercialized in 1988. 

If someone tells you they have a scan converter that matches 
our quality (the highest available), our features (the most 
available), and our price ($14,900 suggested list price) ... 

Don't believe 'em! 
No one has our quality for our price. 
Quite simply, we give you the best 
scan converter on the market 

That's why we're the choice of the networks, broadcast, and post-production 
professionals when they need to convert any high-resolution computer or 
imaging source to broadcast-quality video output. 

DlI7IIXlIlNlllClsl-tllllY, AIIISYIC, VlllllIea c.ntIr 
• Dynamic Pan and Zoom 

• RS-232 Remote Control (Win 95 Driller Included) 

• Multiple Flicker Elimination Filters 

• Optional D1 Serial Digital Output (CCIR 601) 

• Conversion to all major video formats 
(ReB, NTSC, PAL, S-Yldeo (y/e), BetfUAm, true 31.5 KHz, and serl41 Dl) 

Call for a free dertw today .. Seeing is believing! 

526 East Bidwell Street 
Folsom, CA 95630 
916.983.1500 
Fax; 916.983.n36 
Email: sales@folsom.com 
www.folsom.com 
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,of your 2D CAD Crank up the 
with LID EDGETM 

This year, more than 100,000 mechanical design professionals will move 
from 20 to 30 CAD. With Solid EdgeT~ you can be among the first to reap the 
benefits of 30 solid modeling design techniques. 

3D solids from 2D CAD drawings 
Solid Edge gives you the shortest route from 20 to 30 - you can create solid 
models directly from your 20 CAD drawings! If you use AutoCAD or MicroStalion~ 
3D modeling begins with a simple copy-and-paste that puts your 20 CAO 
geometry to work with Solid Edge's feature-based solid modeling tools. 

Learn solid modeling in record time 
With Solid Edge you can implement 30 CAD without long learning curves 
and expensive training. You can quickly master part and assembly modeling 
using a clear, uncluttered, straightforward user interface and built-in multi­
media tutorials. And Solid Edge is Microsoft Office 97 Compatible, so it looks 
and works just like your Windows· office automation software. 

Risk-free 3D! 
Solid Edge is a risk-free way to move to 3D. You can continue with familiar 
20 drafting as you learn solid modeling. You'll even increase your drafting 
output with the most streamlined, intuitive, and powerful mechanical drafting 
system available. One of the industry's toughest critics calls Solid Edge's drafting 
functions ..... outstanding, possibly the best we've ever seen. The controls are 
excellent and make drawing creation almost fun." I 

Microsoft" 
Windows~ 
Wind0wb"95 

I tmnpuler Aided Design Report, VoL 16, No.6, June 1996 

"OlES 

1 DIW'EHSIONS 1M "',. 
110LERANCE ,s TO 9E'" 0.0 ... • 

rOR uHE.aR DIMENSIONS ./ oow 
FOft R,.OlAL.., AU,," .,. 0 1 rOR 

~ OULAA Dlt.CEL't5IOHJ 
a "'''TERIA!.IS tl\&T N..UJ.lliI4UW 

80iJo EOGE™ 
Call to get your FREE Solid Edge 

multimedia demonstration on CD-ROM: 

800-807-2200 
Fax: 205-730-1053 

E-mail: solidedge@ingr.com 
www.intergraph.com/solidedge 

INTEr<G?I\?H 
SOFTWARE SOLUTIONS 
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("j Commercialization Opportunities 

Single-Camera Stereometric 
Laser Ranging System 

This system need no expensive high­
speed computers. Measurement of dis­
tances to nearby objects in real time 
would be sufficiently accurate for many 
robotic applications. 
(See page 24.) 

Ultrasonic Instrument Produces 
11rlckne~Independent 
Velocity Images 

A new imaging ubsystem incorporat­
ed into a conventional ultrasonic C-scan 
apparatus improves the inspection of 
materials for flaws and imperfections. 
De igned originally for the inspection of 

• Rugged Welded Alloy Chassis 
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For More Information Write In No. 403 

advanced ceramic material, the unit 
could be used for nondestructive evalua­
tion of other materials. 
(See page 30.) 

Magnetic-Bubble Annihilator for 
Use in VBL Memories 

An improvement in a new class of 
high-den ity magnetic-storage devices 
features an enlarged electrically conduc­
tive loop. The enlarged loop increases 
tolerance to misalignment of the mag­
netic blade. 
(See page 42.) 

Variable-Buoyancy Balloons for 
Tracking Tropical Storms 

Charged with helium and a phase­
change fluid, this type of radiosonde 
dual balloon maintains approximately 
con tant altitude as it is drawn into a 
storm. The balloon can monitor the 
storm at sea and over land much longer 
than conventional radiosonde balloons. 
(See page 52.) 

Toughened Carboni 
Carbon Pistons 

A three-dimensional carboni carbon 
would be toughened with metal or plas­
tic in its pores. The material would thus 
be better capable of withstanding the 
stresses in internal combustion engines 
than the present pistons with carbon 
fibers oriented in two dimensions. 
(See page 58.) 

High-Performance 
Silver-Recovery Apparatus 

Developers of photographic and radi­
ographic films may recover more than 
99.9 percent of silver from wastes gener­
ated in film processing. The resulting 
effluent is deemed safe enough for 
sewage-treatment plants. 
(See page 59.) 

Piezoelectric Flexural­
Traveling-Wave Pumps 

The e miniature pumps can be useful 
in such applications as injecting small 
controlled amounts of liquid medications 
and in sampling and vacuum pumping 
for miniature scientific instruments. 
(See page 66.) 
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• Single-Camera Stereometric Laser Ranging System 
Distances could be measured and computed quickly, with relatively simple equipment. 

Lyndon B. Johnson Space Center, Houston, Texas 

A proposed laser ranging system 
would provide measurements of dis­
tances to nearby objects in real time, 
with accuracy sufficient for many 
robotic, telerobotic, and teleoperation 
applications. In comparison with 
other ranging systems developed for 
the same purpose and based on vari­
ous optical, radio, and acoustic mea­
surement principles, this system would 
offer the advantage of relative simplic­
ity of hardware and software. In partic­
ular, the data-processing aspects of this 
system would involve relatively simple 
algorithms that could be implemented 
with the requisite speed without hav­
ing to resort to expensive high-speed 
computers. 

Figure 1 illustrates the ranging system 
and ancillary equipment in a telerobot­
ic scenario. The ranging system would 
include a low-power eye-safe laser (e.g., 
a I-mW laser diode) mounted on a cam­
era platform at a fixed baseline dis­
tance, b, to the side of a video camera. 
In the simplest example of alignment, 
the camera and the laser would be 
aimed along parallel lines. The video 
image would be projected to an opera­
tor through a helmet-mounted display 
system. The camera and laser would be 
positioned and aimed toward an object 
of interest by turning the camera plat­
form under remote control, in imita­
tion of movement of the operator's 
head as measured by position and ori­
entation sensors in the helmet. 

Ranging in this system would be based 
on stereometry (see Figure 2). That is, 
the distance to a point on the object of 
interest illuminated by the laser beam 
would be computed from a stereoscopic 
disparity. In this case, the stereoscopic 
disparity would be the distance X, on the 
focal plane of the video camera, 
between the central pixel (coinciding 
with the optical axis of the camera) and 
the image of the laser-illuminated spot 
on the object. Then from the basic geo­
metric principle of stereometry, the dis­
tance, Z, from the camera to the illumi­
nated spot on the object would be 
approximated by z = fb/x, where fis the 
focal length of the camera. 
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Video 
Camera Laser-On/Off and 

Camera-Platform Control 

Robot Command 

Video 

Position and 
Orientation 

Position and Orientation Data 

Figure 1. The Single-Camera Stereometric Laser Ranging System could be part of a telerobotic sys­
tem. The ranging system would measure distances to nearby objects along the optical axis of the 
camera. The measurements would provide guidance for controlling the robot. 
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Figure 2. The Distance (z) From the Camera to the Object would be measured by a straightforward 
stereometric technique. 

The sequence of functions in rang­
ing would be as follows: First, a frame 
grabber would acquire an image of the 
object without laser illumination and 
send the image data to a computer. 

www.nasatech.com 

Shortly thereafter, the laser would be 
turned on and the frame grabber 
would acquire an image of the object, 
including the laser-illuminated spot 
and send the image data to the com-
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puter. The computer would effectively 
subtract the first image from the sec­
ond image to obtain a difference image 
that would contain only the laser-illu­
minated spot on the object. The com­
puter would then calculate the cen­
troid of the laser-illuminated pot. 
Then setting x equal to the distance 

between thi centroid and the pixel on 
the optical axis (at the center of the 
image frame) , the computer would cal­
culate z from the equation shown 
above. 

This work was done by Larry Li and 
Dennis L . Wells of Johnson Space Center 
and Brian Cox of Lockheed Engineering and 

Sciences Co. Far further information, write in 
56 on the TSP Request Card. 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries con­
cerning nonexclusive ar exclusive license for its 
commercial deve!.aprrum.t should be addressed to 
the Patent Counse~ Johnson Space Center; 
(713) 483-4871. Refer to MSC-22549. 

@ Enhancing the Ultrasonic C-Scan of a Second Interface 
A signal-processing algorithm corrects for the effect of the first interface. 

Goddard Space Flight Center, Greenbelt, Maryland 

Figure 1 illustrates schematicaJJy an 
ultrasonic pulse/ echo inspection system 
that yields Gscan images of flaws in two 
interfaces at different depths in a lami­
nated specimen. The system COiTects for 
the effect of flaws in the first interface, 
which could otherwise mask or distort tile 
image of flaws in tile second interface. 

The masking or distortion arises 
because a flaw in the first interface alters 
the probing ultrasonic signal on its way 
to the second interface. Thus, if a flaw in 
me second interface lies behind (that is, 
at the same x,y position as mat of) a flaw 
in tile first interface, men mis second 
flaw is insonified by the altered probing 
ultrasonic signal, and me resulting ul tra­
sonic image is altered accordingly. 

The present system processes the 
ultrasonic signals to separate the ultra­
sonic echoes from me two interfaces 
and applies a correction algorithm, 
which is based on me following two 
equations derived from me fundamen­
tal equations of transmission and reflec­
tion of ultrasonic pulses: 

Au(x, y) = 
~R.!g (x, y) - C0} (x, y)R.!g(x, y) ; 

where Alx,y) and An(x,y) denote the 
position-dependent amplitudes of tile 
ultrasonic signals returned from the first 
and second interfaces, respectively; 
~2(X,y) and ~(x,y) denote the position­
dependent ultrasonic reflection coeffi­
cients of the first and second interfaces, 
respectively; and q, ~, and G! are con­
stants. Alx,y) and An(x,y) are measured 
ultrasonic parameters. ~2(X,y) and 
~(x,y) are the interface properties that 
one seeks. q, ~, and G! are derived from 
combined transrrusSJOn coefficients, 
attenuation coefficients, thicknesses, and 
other material parameters. 

The system gates the ultrasonic return 
signals by round-trip travel times to sep-
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arate me returns from the first and sec­
ond interfaces, men peak-detects me 
gated returns to measure the ampli­
tudes Alx,y) and A/l(x,y). The correction 
algorithm men compute normalized 

versions of these amplitudes and, in me 
case of A/l(x,y), applies a correction in 
the form of an approximation 

An' (x, y) = A}(x, y) An (x, y) 

Control lJO 
Normalization Computerized 

Mechanical and Correction Data Acquisition 
Controller Algorithms System 

Position 

~ ~ -~ ~ 
Gated Peak Gated Peak x-y Scanning 

Images of First and Detector Detector Mechanism 
Second Interlaces Holding Fixture 

1 st Receiver 2nd Receiver Specimen 

~aIResp~ t 
Ultrasonic Pulser 

Focused 
Transducer 

z 

UllI'''Sl'"I'' Transducer 

x 

SPECIMEN AND COORDINATE SYSTEM 

Figure 1. This Ult rasonic Pulse/Echo System produces a ( -scan of a laminated specimen. When 
the specimen contains two interfaces, it produces independent ( -scans of the first and second 
interfaces. 
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Thu , the output of the ystem i a nor­
malized amplitude proportional to 
R I 2(x,y) and a normalized, corrected 
amplitude approximate I proportional 
to Rn(x,y). 

In an experiment to demon trate fea-
ibility, the y tern was used to scan a 

specimen that contained two defects in 
the first interface and two defects in the 
second interface, positioned 0 that 
one of the defects in the fir t interface 
partly shadowed a defect in the second 
interface. As shown in Figure 2, pro­
ces ing in the system by u e of the cor­
rection algorithm recovered the shad­
owed portion of the image of tile sec­
ond interface. 

This work was done by E. James Chern of 
Goddard Space Flight Center. For fur­
ther infannation, write in 37 on the TSP 
Request Card. 
GSC-J3792 

Conventional C-Scan 
Ultrasonic Image of 

First Interface 

Raw (Conventional) 
C-Scan Ultrasonic 
Image of Second 

Interface 

Processed Image of 
Second Interface 

Figure 2. Processing of the Raw Scan from the second interface of a demonstration specimen illus­
trates the ability of the correction algorithm to filter out the effect of an overlying defect in the 
first interface. 

* Optically Implementing an Algorithm for Representing Images 
The matching-pursuit algorithm has been adapted to image-analysis applications. 

NASA:S Jet Propulsion Laboratory, Pasadena, California 

A prototype optoelectronic appara­
tus has been developed to implement 
an improved scheme for the analysis 
and representation of images. The 
scheme is based on an adaptation of an 
algorithm, called the "matching-pur­
suit" algorithm, that was originally for­
mulated for use in analyzing sound and 
other time-varying signals. A system 

Laser{= 
Beam --

~ 

l 
Input 

Electron-Beam 
Replication Optics 

that implements this scheme automati­
cally and rapidly decomposes a two­
dimensional image into a linear combi­
nation of elemental images from a dic­
tionary of such images. Thus, the 
scheme offers potential utility for analy­
sis of images and compression of image 
data. Moreover, the elemental images 
could be patterns that the system is 

Array of Holographic Wavelet Filters 
in Fourier-Transform Plane 

• Peak Detection of Wavelet Transforms 

required to recognize, so that the 
scheme offers potential utility for 
industrial and military applications that 
involve robotic vision and/ or automat­
ic recognition of targets. 

The original version of the matching­
pursuit algorithm expresses a sound or 
other signal as a linear combination (a 
finite series) of unit-norm elemental 

Array of Spatially Multiplexed 
Peak-Detecting Optoelectronic Circuits 

• Intensity Modulation and Subtraction of Elemental Images ~-------I 

• Feedback 

This Apparatus Optically Performs the most computation-intensive operations of the adapted matching-pursuit algorithm as applied to representa­
tion of images. 
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waveforms from a highl redundant dic­
tionary of waveform. The elemental 
waveform and their coefficients in the 
erie are cho en in decreasing order of 

correlation with the ignal, where corre­
lation are expres ed in term of inner­
product integral and each ucces ive 
term in the eries i applied to only the 
re idue left after the approximation 
formed by the preceding term . Thu , 
the matching-pursuit algorithm i a 
greedy algorithm, and each succes ive 
term in the erie is Ie significant than 
is the one preceding it. 

Unlike ound waveform, which are 
functions of time and have zero means, 
image data are po itive distribution of 
light intensity in two dimensions, and it 
is desired to classify them in terms of 
known images rather than known wave­
forms. These considerations must be 
taken into account in adapting the 
matching-pursuit algorithm to the 
image-repre entation problem. Ac­
cordingly, the elemental functions cho­
sen for inclusion in the dictionary are 
two-dimensional brightne s-distribution 
functions (that i, elemental images) 
that are ufficiently similar to targets 
that one eeks to recognize and suffi­
ciently dissimilar to decoy or other 
extraneous objects that one seeks to 
ignore. Similarity and dissimilarity are 
quantified, for these purposes, in terms 
of correlations or inner-product inte­
gral over the image area. The dictio­
nary hould include all elemental 
images of interest, including a repre en­
tative election of translated, rotated, 
magnified, and minified versions of the 
elemental images that could be encoun­
tered in practice. 

The matching-pur uit algorithm as 
adapted to repre entation of an image 
require iterative performance of three 
basic operation: (1) two-dimen ional 
adaptive wavelet tran fonn that repre-
ent the elemental image; (2) peak 

detection for tho e tran form ; and 
(3) ubtraction , from the input image, 
of inten ity-modulated ver ion of the 
elemental image. An optical or opto­
electronic image-proce sing y tem like 
the prototype apparatu can perform 
all three operations in much less 
time than would be needed to perform 
the arne operation on a digital elec­
tronic computer. 

The prototype apparatu (see figure) 
include a spatial light modulator, elec­
tron-beam replication optic, a Fourier­
transform len , an array of holographic 
wavelet filters, an array of inver e­
Fourier-transform len lets, and an array 
of interconnected integrated-circuit 
chips, each of which contain a two­
dimensional array of photodetectors 
and associated peak-detection circuitry. 
In order to identify the wavelet that 
would produce the maximum wavelet­
tran form peak against the input 
image, it is neces ary to conduct an 
exhaustive search. 

First, all wavelet elements in the dic­
tionary are arranged in a two-dimen­
sional array of Fourier holograms that 
con titutes the array of holographic 
wavelet filters mentioned above. 
Multiple replicas of the input image -
one for each filter - are formed by use 
of electron-beam optics. The Fourier 
transform of each replica is formed in 
the corresponding filter. A two-dimen­
sional array of lenslets inverse-Fourier-

~ Ultrasonic Instrument Produces 
Thickness-Independent Velocity Images 

tran form the outputs from the filters, 
producing the corresponding wavelet 
tran forms on the corre ponding pho­
todetector/ peak-detector circuits. The 
output of each uch circuit yields data 
on the location of all pixel with inten-
itie above a thre hold level. The out­

puts of all of the e circuits are moni­
tored imultaneou Iy. The threshold 
level i increa ed until the brighte t of 
the peaks found by the photodetectors 
i identified. Thi peak value and loca­
tion of thi peak and the identity of the 
corre ponding wavelet are recorded for 
u e in sub equent operations. 

The brightnes of the elemental 
image a ociated with the identified 
wavelet is then multiplied by this peak 
value (thi is the inten ity modulation 
mentioned above), recentered at the 
identified location, and ubtracted from 
the input image. The remaining image 
(residue) is then fed back as the input 
image for the next iteration. The itera­
tions continue until the energy in the 
residue fall to zero or exhibits a ten­
dency to increase or oscillate with fur­
ther iteration. 

orne preliminary optical experi­
ments have demon trated that the sys­
tem operates substantially as expected. 
In addition, the adapted matching-pur­
suit algorithm has been verified through 
computational simulation. 

This work was done by Tien-Hsin Chao 
and Brian K. Lau of Caltech and William J. 
Miceli of the Office of Naval Research for 
NASA's J e t Propulsion Laboratory. For 
further information, write in 27 on the TSP 
Request Card. 
NPO-19471 

Thickness effects can be eliminated, yielding images indicative of properties of materials. 
Lewis Research Center, Cleveland, Ohio 

A weakne of conventional C-scan 
imaging regarding both peak ampli­
tude and time-of-tlight mode is thal 
gray or color cale variations in image 
for back-surface reflections indicate 
part-thickness variations, as well as 
micro tructural variations, unle the 
part is uniformly thick. A single trans­
ducer ultrasonic imaging method based 
on ultrasonic velocity measurement is 
described here that eliminates the 
effect of plate-thickne s variation in the 
image, i.e. , the method is thickness-

30 

independent. The method thus isolates 
ultrasonic variations due to material 
microstructure. 

The present imaging ub ystem is 
incorporated into a conventional ultra­
sonic C-scan apparatus with a single 
ultrasonic transducer and a computer 
with conventional ultrasonic-signal-pro­
ce ing oftware plus special oftware to 
implement the subsystem computa­
tion. The apparatus is set up for 
pulse/ echo measurements of the veloc­
ity of sound in a tank of water. The 

www.nasatech.com 

transducer is mounted in the water on a 
scanning mechani m above the speci­
men. Below the specimen is a plate for 
reflecting ultrasound. At each scan posi­
tion, the ultrasonic echoes from the ur­
face of the pecimen and the plate are 
analyzed to determine the speed of 
sound in the specimen material. 

The ub y tem i expected to find use 
in numerous application in which 
there is a need for nondestructive 
detection of flaw in structural parts 
and nondestructive evaluation of spa-
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Gradients of Density are indicated in the velocity image generated by the subsystem described in the text, whereas only the variation of thickness is 
depicted in the time-of-flight image. 

tially varying properties of materials. In 
the case of advanced ceramic materials 
undergoing development in the aero­
space and automotive industries, gradi­
ents of density, porosity and chemical 
composition are properties that are of 
particular interest and that affect the 
speed of sound. The data generated by 
the ultrasonic apparatus equipped with 
this subsystem quantify such gradients 
about 10 times better than do the data 
generated by the same apparatus operat­
ing in the traditional peak-echo-ampli­
tude or relative-echo-time (time-of­
flight) mode. 

The figure illustrates the superior 
capability of this subsystem for reveal­
ing gradients of density in a specimen 

of a ceramic material that is under con­
sideration to replace metal parts in 
automobiles. The specimen is 0.3 mm 
thicker at the top of the figure than at 
the bottom, and varies smoothly from 
top to bottom. The specimen contains 
distinct regions of low (95 percent of 
theoretical), average (98 percent of 
theoretical), and high (100 percent of 
theoretical) density. The image in the 
left part of the figure was generated in 
an ultrasonic C-scan in a conventional 
time-of-flight mode; this image indi­
cates the variation in thickness from 
top to bottom, but gives no indication 
of the variation in density. The image in 
the right part of the figure, generated 
by scanning the specimen while using 

t) Software for Operating on Image Data 
NASA's Jet Propulsion Laboratory, Pasadena, California 

The 1mageclass computer software 
simplifies the development of image­
processing applications by providing a 
uniform programmer's interface via an 
object-oriented class library. Written in 
the C++ programming language, 
1m agecl ass is designed to provide a 

32 

high-level interface to image objects so 
that application programmers can effi­
ciently implement complex image-pro­
cessing operations without worrying 
about the low-level details. Most avail­
able image-processing libraries focus on 
computer graphjcs applications and are 

www.nasatech.com 

the present subsystem, clearly reveals 
the variation in density, without the 
effect of thickness. 

This work was done by Don J Roth oj 
Lewis Research Center, Mike F. Whalen 
and J Lynne Hendricks oj Sonix, Inc., and 
John H. Hemann and James R Bodis oj 
Cleveland State University. For further infor­
mation, write in 64 on the TSP Request 
Card. 

Inquiries concerning rights Jor the commer­
cial use oj this invention should be addressed 
to NASA Lewis Research Center; Commercial 
Technology OJfice, Attn: James Martz, Mail 
Stop 7-3, 21000 Brookpark Road, 
Cleveland, Ohio 44135. ReJer to LEW-
16257. 

limited to a set of commercial industry 
file formats . 1mageclass is oriented 
toward the scientific uses of images. 
Therefore, it is designed to provide a 
uniform interface for images that use 
science data types and science data for­
mats such as CIPE, VICAR, and FITS. 
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The library con ists of a genu of image 
subclasses, each of which handle a dif­
ferent pixel type, uch as char, int, float, 
and the like. For each image subclas , 
member functions are provided for the 
es ential image operation , uch as cre­
ation, reading/ writing to/ from a file di -
play through a pawned proces , and ele­
ment access. In adctition a wealth of 
other basic operations, mathematical fil-

ters, statistical anal is, data type conver­
sion, flipping, transposition, zooming, 
insertion, and subsetting are provided. 
The file I/O (input/ output) interface 
upports reading from and writing to 

image file of everal popular file for­
mats used in the ASA community 
including eIPE, FIT , VICAR, and raw 
data format. Imageclas can easily be 
extended to accommodate other file for-

mats. With the Imageclass library, image­
proces ing applications can be devel­
oped in a faster, cheaper, and better 
manner. 

This wurk was done by Ansel Teng, Hillel 
S. Rnm, Richard J Weidner and Meemong 
Lee of Caltech fOT NASA's J et Prop ulsion 
Laboratory. For further information, wrire 
in 51 on lhe TSP Request Card. 
NPO-19888 

@ Apparatus for Advanced Ultrasonic C-Scan Imaging 
C-scanplots indicate both amplitude and depth. 

Goddard Space Flight Center; Greenbelt, Maryland 

Figure 1 schematically iUustrates a 
computer-controlled ulu'asonic C-scan 
instrumentation system that incorpo­
rates recent advances in hardware and 
software for better characterization of 
specimens. In some respects, this system 
operates like a typical ultrasonic C-scan 
apparatus of older design. The innova­
tive aspects of this system lie in the spe­
cific combination of signal- and data­
processing functions to obtain plots 
containing two types of data that char­
acterize defects in specimens. 

Like some other systems, this system 
includes an ultrasonic u-ansducer that is 
scanned along in a horizontal (x,y) 
plane parallel to the top surface of a 
nominally flat plate specimen, which is 
typically laminated. As in other systems, 
the ultrasonic transducer is connected 
to an elecu'onic pulser / receiver, a dual 
timing gate, a peak detector, and a uni­
versal timer. At each position x,y along 
the scan, the computer estimates the 
depth of any defect or other feature 
that reflects ultrasound, using the 

"Counting and sizing 100 
pin windows, for example, 
would take about 5 
minutes .... With hnage­
Pro, we acquire the same 
data within 15 seconds." 

Dean Neuberger, R&D Engineer, Sheldahl, Inc. 

known or assumed peed of ound and 
the measured round-trip travel time 
(also called "time of flight," or "TOF," 
for short) of the ultrasonic signal 
between the top urface of the speci­
men and the defect. The peak detector 
operates with a time gate chosen so that 
its output incticate the amplitude of 
the signal reflected from the defect or 
other feature at x,y. 

Some older ultrasonic C-scan systems 
generate similar data on depth and ampli­
tude as functions of x and y, but they lack 

"We use Image-Pro to quantify and qualify pinwindows (small 
areas deficient in copper) . Image-Pro has the capability to see these 
pinwindows, count, and measure them. With a particular intensity 
range (a.ka. threshold) used on a grey-scale capture to see bright 
areas, we have been able to characterize our material for pinwin­
dows and use that information for R&D and quality puIpOseS." 

Whether you analyze materials} quantify biological samples, eval­
uate fingerprints, or any other application where you need to 
acquire and analyze images, Image-Pro Plus will deliver reliable, 
repeatable results on the hardware of your choice at a pricelpetfor­
mance breakthrough. Use the # 1 selling software from the leader 
in imaging technology -Your colleagues are! Call Today. 
+(31) 715-730-639 (Europe) • 800-992-4256 (USA) 

MEDIA Site license and Maintenance Pricing Available 
CYBERNEllCS' 8484 Georgia Avenue • Silver Spring, Maryland 20910 SA · 301-495-3305 • FAX 301-495-5964 • 
The Imaging Experts http://www.mediacy.com 0 1997 MEdia C)ilemeIia. "Imago-Pro Plus' and the MEdia Cybemeti<s logo are registerOO trndenrutsdMEdiaCybemeti<s 

L~~Pn]-
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Figure 1. This Instrumentation System performs an ultrasonic (-scan of a plate specimen. 
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Improved Horizontal Resolution 
Merlin Scan Converter Systems translate 875-line video to 525-line 
format for standard, low-cosl video equipment The difference be­
tween 875-line and 525-line rate recording 
provides a better image by improving hori­
zontal resolution. Available in 120VAC and 
in 120VAC and 28VDC configurations. 1.~~ 

_ J .. ..,.;. J r. 

Merlin 
MERLIN ENGINEERING YORKS 

1888 Embarcadero Rd, Palo Alto, CA 94303 Phone(415) 856-0900 

36 For More Information Write In No. 440 

the means to correlate the depth and amplitude data automaticaJ,. 
lyand are limited to presenting depth and amplitude data on sep­
arate plots. The software of the present system includes a program 
that processes the x,y canning-po ition data and the associated 
depdl and amplitude data into a single three-dimensional-appear­
ing plot dlat shows both depth and amplitude as functions of xand 
y. Figure 2 shows an example of such a plot, wherein the vertical 
(1.) axis represents depth, and a gray scale indicates amplitude. 
Alternatively, false color could be used to indicate amplitude. 

This work was done by Engmin James Chern and David Warren 
Butler of Goddard Space Flight Center. For further information, 
write in 53 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 Counse~ 
Goddard pace Flight Center; (301) 286-7351. Refer to GSC-13524. 

o Relative-Amplitude Scale, Percent 100 

2.00 -f---+I~~m---lHIt-Hlfila----IJ~f# 

1.60 
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Figure 2. This Plot Presents Ult rasonic ( -Scan Data from a specimen that 
contained six disk-shaped defects at various depths with features to 
reflect ultrasound with differing amplitudes. 
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High Performance Integer Calculations 

• 3 x 3 convolution .. ......... 6.6 msec 

• Dilation Erosion .... 1 2 msec 
• Add, subtract, threshold .. 2.4 msec 
• Median liter. .. 11 msec---f Alacron provides the optimal processing 

power for all your computing needs. 
Alacron's FT-C80 supplies 2 Giga Fixed 
Point OPs, while the FT-SHARC supplies 
up to 3 Giga Floating Point OPs per slot!! 

• Sobel/Robert's filter ....... 6.0 msec 
HIS rrrsec 

High Performance Floating Point Calculations 

8 SHARe 1 DCFFT (1 K) ............ 0.072 msec 

K msec 

8 SHARC CO V3 (51 2 x 512) .. .. .. .. 9 msec 

71 Spitbrook Road, Nashua, NH 03060 

The FT-SHARC and FT-C80 support 
Alacron's family of digital and a n a log 
framegrabbers, and Alacron's high resolution 
video output modules. 

TEL: (603) 891-2750 
FAX: (603) 891-2745 

Web: http://www.alacron.com 
EMAil: sales@alacron.com 
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I -$ Video & Imaging 

The SuperView 2000 multi­
video windowing system from 
RGB pectrum, Alameda, 
CA, adds multiple live video 
images to any computer dis­
play of 2K x 2K re olution. It 
displays from two to ten video 
ignal on one creen; each 

window can be po itioned, 
caled, overlaid with comput­

er graphics, and overlapped 
,vith other video ,vindow. 
Video input signals may be 
NTSC, PAL, or S-Video, and 

the display screen may be any monitor up to 2048 x 2048 pixel 
resolution. 

The system is an external standalone peripheral that can be used 
with any computer system. It up ports software control to manipulate 
the windows, adjust video parameters, and control graphics overlays 
via the RS-232 port 

For More Information Write In No. 746 

puters, Montreal, Quebec, 
Canada, has introduced 
the VIPer Vi ion TEK-380 
video interface module, 
which produces real-time 
video for LCDs and ana­
log CRT screens while 
occupying no bandwidth 
at the system bu level. 
The board can be embed­
ded into a variety of indus­
trial environments. 

It has inputs for up to six composite or three S-Video signals; 
NTSC, PAL, and SECAM operation; CCIR or square pixel digitizing; 
and a variety of digital video features for color control, sizing and 
positioning, cropping, and image file storage. The unit comes with 
one BNC connector for composite video, one 4-pin mini-DIN for S 
Video input, and one 14-pin header for multiple inputs. Single-unit 
cost is 395. 

For More Information Write In No. 745 

Nikon, Melville, NY, ha 
introduced the Veritas™ 
VM-500 video measuring 
system, which allows mea­
surement of extremely large 
parts with an increased stage 
size. The system consists of a 

ikon measuring micro­
scope with computer-con­
trolled zoom of 10:1; a 20" x 
21" x 6" stage; an integral 
CCD camera; mea uring 

software, which provides real-time video di play, graphical part view, 
C C stage motion with field-Qf view measuring capability; a digi­
tal read-Qut; and a video monitor. 

The system offers DC servo motor control for positioning of the 
stage, which moves at 200 mm per second. The illumination ystem 
features up to six channels of computer-controlled fiber-Qptic illumi­
nation, allowing dark objects to be measured with vertical, contour, 
and/ or oblique illumination. 

For More Information Write In No. 743 

FUR tern, Portland, OR, 
has introduced the Tracer™ 
thermal imaging system to 
record and analyze long ther­
mal event equences at real­
time frame rates to 60 Hz on 
a WindowsTM..compatible PC. 
De igned for R&D, proce 
control, and other applica­
tions requiring thermal activ­
ity monitoring over time, the 

stem consi ts of a Pri m D thermal imaging camera, a Pentium® 
PC, a digital video recording system, and Windows-based analysi 
oftware. 
The system can record 5+ minutes of thermal activity at a 60-Hz 

frame rate with 12-bit pixels, capturing 9.3 Gb of data per econd. 
The sy tern can measure temperature of objects from -10·C to 2000·C 
with an accuracy of ±2 percent or 2·C. It stores the captured digital 
thermal data without u ing data compression, ensuring the integrity 
of the data captured. 

For More Information Write In No. 740 

OPTIMAS 6.1 im­
age analysis soft­
ware from Optimas 
Corp., Bothell, WA, 
is a Windows-based 
in terface that pro­
vides image analy­
si functions and 
is compatible with 
industry standards 
and components. 
Operating with 
Windows NT and 

Windows 95, it supports 32-bit T hardware drivers for a range 
of new PCI-bus frame grabbers, a well as older 16-bit image cap­
ture devices. 

The OPTlMAS Wizard feature guides users through interactive 
examples of image acquisition and enhancement, feature identifi­
cation, measurement extraction, and macro automation. 

For More Information Write In No. 741 

The Encore™ digital 
video camera from Olym­
pus America, Indusoial 
Products Group, Mel­
ville, NY. records action 
that takes place too 
quickly to be captured by 
the human eye or by 
tandard video system . 

It digitally stores the 
recorded images and 

plays them back in variable-llpeed slow motion. Designed for motion 
analysis of high-speed machinery and equipment, the system can 
troubleshoot and prevent or predict maintenance. 

The cameras are available with recording rates of 250, 500, 1,000, 
and 2,000 frame per second, in full-color or black-and-white dis­
play. They feature high frame storage capacities and are construct­
ed with a urethane outer hell that re ists cratches. 

For More Information Write In No. 748 
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Powerful, re pon ive, incredi­
bly fast. Clearly, the full family 

of Kodak Motion Analyzer leaves 
everything el e far behind. 

So whatever your application - olving a high 
speed production line glitch, te ting airbag product 
R&D, you name it - the possibilitie are unlimited. 

Kodak Motion Analyzer come ouped-up with 
your favorite feature . Or ruggedized for tough, 

hard-driving environments. 
_.-"'~ Even compact to get you in 

and out of tight space. You can 
capture a single frame or reach speeds of over 40,000 
frame per econd. Plus you get top-on-a-dime instant 
replay and ample memory for long record time. 

Call 619-535-2908 or e-mail u today for more infor­
mation. Then go a fast as you like. Wherever the road 
lead you. 

800-462-4307, ext. 9006 • www.masdkodak.com • e-mail: masdkodak@aol.com 

EASTMAN KODAK COMPANY, MOTION ANALYSIS SYSTEMS DIVISION 
For More Information Write In No.60S 



1$ Video & Imaging 

Coreco, St. Laurent, Quebec, 
Canada, offers the Oculus-F/ 64™­
PCI image acquisition and process­
ing boards for implementing high­
peed, high-re olution, computa­

tionally inten ive image processing 
algori thm . The eries consists of 
four dedicated proces ors: the 
TM 320C40 D P, a programmable 
proce or that perfonn multiple 

operation per clock cycle; a system controller to accelerate imaging 
and graphics applications; and a histogram proce or and the IP­
Engine, which combine for real-time arithmetic operations in indus­
trial inspection and quantitative image analysis applications. 

The F / 64-P I offers frame-grabbing from any ource and is com­
patible with camera types such as single- and dual-tap line scan and 
area scan, and high-frame rate and high-re olution digital cameras. It 
features a 40-MHz acquisition, 250 MOPS, and an internal 80 
Mb/ second communications bus to transfer images between dedi­
cated on-board processors. 

For More Information Write In No. 750 

Xerox Engineering Systems, Roch­
ester, NY, has announced the 8830 
A- to E-size digital engineering 
printer, which provides mid-vol­
ume printing in engineering, 
technical, or CAD environments. 
It can be connected to virtually 
any PC or network and prints 
from a variety of software, includ­
ing AutoCAD, Pro/ Engineer, and 
most Windows-based applications. 
Users can construct jobs from one 

or more files, set print options, and print data files directly from desk­
top computers using the system's Documentation Submission Tool. 
The print queue can be viewed from the desktop using a Printer 
Manager Tool, which also can be used for remote acce s to the print­
er. The system provides printing speeds up to 3" per second, 400 dpi 
resolution, single-pixel reproduction, a 33-step half-toned gray scale, 
and the ability to produce multiple prints and sets of engineering 
documents. 

For More Information Write In No. 742 

Matrox Imaging Products 
Group, Dorval, Quebec, 
Canada, has introduced 
the Intellkam 2.0 32-bit 
camera interface software 
for Windows NT and 95. 
The program comes with 
pre-built digitizer configu­
ration format files for 
many popular cameras, 
describing the video sig­
nal's characteristics. The 

file communicates the video pec to the digitizer and initializes the 
hardware. Users can fine-tune parameters such as video timing, pixel 
clock, bit depth , and synchronization to match a specific camera. 

Images can be grabbed and stored in a TIFF file format without 
writing code. A built-in command line interpreter feature allows a 
user to experiment with MIL/ MIlrLite commands without recompil­
ing each time a change is made. 

For More Information Write In No. 751 

The Cryocam Series n low­
scan chill ed CCD camera 
from Micro Luminetics, Los An­
geles, CA, was designed for 
low-light imaging in scientific 
application. It supports large­
format cientific CCD with 
resolution to 204 x 2048 
pixels and features low noise 
circuitry for high sensitivity. 
An 8-bit mode provides focus­
ing at 400,000 pixels/second. 
Readout rates to 200,000 pix­
el/ econd at 12 or 16 bits are 
provided. 

The camera includes a built-in hutter, quartz \vindow, variable 
offset and multiple gain setting prior to the digitizer, CCD tempera­
ture control, sub-\vindowing, an tiblooming, on-chip binning, and 
external syncs. Cam era-control and image processing software is 
included. 

For More Information Write In No. 749 

The DT3153 MACH color 
PCI frame grabber from 
Data Translation, Marlboro, 
MA, features integrated digi­
tall/0 and genlocklng func­
tionali ty. It has horizontal, 
vertical, and pixel outputs, 
enabling genlocklng of mul­
tiple cameras from a single 
ource, allmving users to 

switch instantly between cameras without loss of vertical sync. The 
PCI Bu Master board can transfer images in real time to system mem­
ory without intervention from the CPU. 

The board uses Microsoft's DirectDraw standard to display non­
destructive overlays on live video, allowing users to place graphic 
images on top of live video without affecting image throughput. Up 
to three NTSC/ PAL composite inputs or one V/C (S-Video) input 
and two NTSC/ PAL inputs can be connected. Decoded color data 
can be saved in 32-bit RGB format or in 16-bit YUV format. 

For More Information Write In No. 747 

Silicon Mountain Design , 
Colorado Springs, CO, has 
announced the SMD-IM60X 
and SMD-4M15X digital cam­
eras for use in X-ray imaging 
applications in the medical 
and industrial fields. They 
offer 12-bit dynamic range 
and on-chip charge binning 
to increase optical ensitivity 
in low-light imaging condi­
tions. Remotely controlled 
2 x 2, 4 x 4, and 8 x 8 binning 

capabilities provide on-chip gain enhancement of up to 64:1 without 
the need for external image inten ifier tubes. 

The IM60X features 1024 x 1024 resolution at 60 FPS; the 4M15X 
features 2048 x 2048 resolution at 15 FPS. Both models utilize CCD 
sensors designed for high-frame-rate, low-noise operation. 

For More Information Write In No. 744 
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This means you can run many of your VAX and MOTIF applications on 
the same hardware that runs Microsoft Excel or Word, Oracle, Adobe 
Photoshop; plus engineering and graphics applications such as Prof 
Engineer, Microstation, AutoCAD, Softimage and Lightwave. 
Plus, Digital's FX!32 makes it possible to run 32-bit WIN95 
and NT applications on the Alpha. Over the last 15 
years we have designed systems for thousands of 
sat isfied customers including many prestigious insti­
tutions. Our technicians are expert at configuring the four 
Alpha operating systems we support. 

System Performance 
Microway understands the importance of 
balancing fast CPUs with equally fast 
caches, memory and peripherals. Microway's 
exclusive 2MB SRAM 
cache, fed by a 288-bit 
wide memory system, 
boosts performance by 
up to 30%. Its 64-bit 
PCI bus is driven by a 
tate-of-the-art Digital 

chip set that feed 32-
and 64-bit PCI ockets. 
To take advantage of the e resources, 
M icroway installs the beSt graphics and hard 
disk controllers available, including controL­
Lers appropriate for 2 and 3D Graphics 
Workstations and RAID powered Servers. 

® 

Numeric Performance 
Microway produces one of the finest nu­
meric optimized compilers - NDP Fortran. Since 
1986, hundreds of applications have been ported to the 
X86 with it, including industry standards like MATLAB and 
ASPEN. OUT latest RISC scheduler has a number of features 
that take advantage of the Alpha's quad-issue capability. Run­
ning on a 500 MHz 21164 that bursts at 1 gigaflop, a dot 
product kernel we use for compiler testing runs at a mind­
boggling 940 megaflops!!! 

For a complete description of the 
optimization facHitie provided by 
NDP Fortran or C, our Screamer Sy -
tems and motherboard pricing call 
508-746-7341 or visit our WEB Site 
at: http://www.microway.com. 

DIgital. Alpha. OpenVM and Digllal UNIX TM Digital. 
T. Excel and Word TM Microsoft. 

Scream ... NDP Fortran and Microway TM Microway. 

Technology You Can Count On 

Corporate Headquarters: Research Park, Box 79, Kingston, MA 02364 USA - TEL 508-746-7341 - FAX 508-746-4678 
www.microway.com.info@microway.com - France 33146229988 - Germany 49 6997650001 - India 91 806637770 
Italy 3927490749 - Japan 8164593113 - Korea 8225981623 - Poland 48 22487172 - United Kingdom 44 1815415466 
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Magnetic-Bubble Annihilator for Use in VBL Memories 
Enlarged loop increases tolerance to misalignment of the magnetic bubble. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

Vertical-Bloch-Line (VBL) memorie 
are a new class of high-den ity magnet­
ic- torage devices in which the infonna­
tion is represented by magnetic struc­
tures (VBLs) in the domain walls, 
rather than by the domain them elves 
a in magnetic-bubble memories. 
Writing and reading of VBLs in long 
stripe domain is achieved by interac­
tion of the stripe heads with bubbles of 
input/ output (I/O) lines. Because the 
VBLs are propagated along the stripe 
walls by an external field the bubbles 
must be propagated by local field, e.g., 
created by meandering current loop. 
Although this "current acce " mode 
had long been proposed for bubble 
memories, details for bubble nucleation 
and annihilation by current loops had 
not been worked out. This article 
describes a sub tantial improvement of 
an earlier bubble annihilator for cur­
rent access technology. 

An improved design for a magnetic 
bubble annihilator in a magnetic mem­
ory device feature an enlargement (rel­
ative to a previou design) of an electri­
cally conductive loop. This enlargement 
increases the electrical current needed 
to annihilate a magnetic bubble, but 
also increases tolerance to misalign­
ment of the bubble and increases toler­
ance to variation in the amplitude and 
duration of the annihilating current 
pulse. 

In general, a magnetic memory 
device of the type in question (see fig­
ure) includes a magnetic garnet film 
with its "easy" direction of magnetiza­
tion perpendicular to the surface. A 
magnetic bubble is a round cylindrical 
domain, wherein the direction of mag­
netization is opposite the direction of 
magnetization in the surrounding area 
of the garnet film. Magnetic bubbles 
are confined within a bubble track, 
which is a groove in the garnet film. A 
metal-film loop connected to metal­
film strip conductors is. laid across the 
bubble track for use in annihilating 
bubbles; this is the loop mentioned 
above. The device also includes a 
meandering strip of metal film laid 
along the track; this strip is part of a 
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tructure that propagate magnetic 
bubble along the track. 

A loop of the previous de ign was 
made with an opening of minimum 
width in the hope of generating a 
strong local magnetic field that would 
reverse the magnetization of a bubble. 
The magnetic flux den ity produced by 
the pul e of current in the loop was 
maximum at the center of the loop. 

The current needed to annihilate a per­
fectly or nearly perfectly centered mag­
netic bubble was e timated to be about 
44 rnA. However, it was observed that 
when a bubble was not well centered in 
the loop, either the bubble was pushed 
away from the loop in tead of annihilat­
ed, or else it was nece ary to use a very 
large and very hort current pulse to 
achieve annihilation. 
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The Loop in the Improved Magnetic Bubble Annihilator is 5 times as wide as it was in the 
prior version; the reSUlting distribution of magnetic flux density is more favorable to retention of 
a magnetic bubble in the loop. 
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In a loop of improved design with the 
wider opening, the magnetic flux densi­
ty reache a maximum at a distance of a 
few microns from the center, with a shal­
low local minimum at the center. Thi 
shallow local minimum in the magnetic 
field helps to hold the magnetic bubble 
in the loop when the average magnetic 
field is raised by increasing the current. 

This design icon istent with tate-of­
the-art track width of 4 to 5 pm, bub­
ble diameters of 2 to 3 pm, and bubble 
misalignments of the order of 1 pm. As 
long as the magnetic bubble lie 
entirely within the loop, it can be anni­
hilated by a current of about 80 mAo 
The optimum ize of the loop is deter­
mined in conjunction with the require-

ment that the next bubble in line not 
be pushed away by the magnetic field 
outside the loop. 

This work was done by UtkJ Lieneweg, 
George . Patterson, and David Opalsky of 
Caltech for NASA's Jet Propulsion Lab­
oratory. For further information, write in 
80 on the TSP Request Card. NPO-19716 

~ Charge Amplifier/Discriminator With Wide Dynamic Range 
Output includes two logarithmic bar graphs. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

The figure shows the major function­
al blocks and some of the circuitry of a 
charge amplifier/ discriminator that 
accepts, as input, the output of any of a 
variety of electron, photon, and ion 
detectors operating in the pulse-count­
ing mode at rates up to 500 kHz. This 
instrument generates a 20-segment 
logarithmic-bar-graph display of the 
threshold level and of each input pulse 
that exceeds a threshold charge-detec­
tion level. Calibrated charge-detection 
thresholds can be adjusted within the 
range of 8.8 x 10-15 to 3.2 X 10-10 

Coulombs, (5.5 x 104 to 2 x 109 elec­
trons); this amounts to a dynamic range 
of about 91 dB. 

Each pulse of charge arriving at the 
input terminal is stored in the total in­
put capacitance, C"'tal = G...t + Cin + (when 
switched in) Co. The durations of the 
pulses are much shorter than the char­
acteristic times of the input circuitry 
and the following pulse-shaping circuit­
ry, so that a given pulse can be regarded 
as an impulse of infinitesimal duration 
and total charge q; thus, the voltage 
across the total input capacitance im­
mediately after the arrival of the pulse 
is Vin = q/ Ctota!. For calibration (instead 
of discriminating unknown input 
charge q), pulses of calibrated charge 
~ = Ctest Vpeak are obtained from the 
negative transitions of a square wave of 
peak-to-peak voltage Vpeak applied to the 
test input terminal. 

The input voltage is fed to a pulse­
shaping amplifier which produces a 
semisinusoidal (positive half) output 
voltage pulse proportional to the input 
charge, with full width at half maximum 
(FWHM) of 1 ps. The switch labeled 
"+10" can be closed to connect CD to 
increase the input capacitance by a fac­
tor of 10, thus dividing the input volt­
age and extending the dynamic range 
of the instrument by this factor. To 
maintain the FWHM ofl ps, shunt resis­
tor Ro is switched in along with CD. The 
pulse-shaping circuit is followed by an 
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amplifier stage that can be set to a gain 
of either 1 or 10, thus enabling further 
extension of the dynamic range. 

The novelty of the design lie in a 
high-speed, half-wave, peak-detector 
circuit (denoted "rectifier and pulse 
stretcher" in the figure) configured in 
two stages with time constants of 100 ps 
and 100 ms, respectively. The first stage 
must drive a O.Ol-pF output capacitor to 
at least 10 V in 500 ns, requiring a max­
imum current of 200 rnA. A pass tran­
sistor is added to supply this current. 
Biasing the transistor to class A with the 
various diodes improves the small-signal 
response by decreasing the dead band 
to approximately the bias voltage 
(which is of the order of 28 mV per 
stage (56 mV total) and depends on 
temperature. Both stages are under-

damped such that their small-signal 
respon e include overshoots of approx­
imately 20 mV. The overshoot voltage 
can be subtracted out, reducing the 
remaining offset error with input signal 
to 36 m V. Any real signal exceeding this 
limit is accurately displayed at the out­
put. Inasmuch as an analog output sig­
nal is also available, an oscilloscope can 
be used to monitor signals at levels less 
than 36 mY, if necessary. The bar-graph 
output display is most accurate for 
inputs in the frequency range of 3 kHz 
to 200 kHz. 

This work was done by Christopher J 
Wrigley, Geoffrey K. James, and Brian O. 
Franklin of Caltech for NASA's Jet Propul­
sion Laboratory. For further informa­
tion, write in 61 on the TSP Request 
Card. NPO-19597 

"~ 
Pulse-Shaping 

Circuit 

c,... 2.2 pF 

2.2 pF 

150K 
Varlable-Galn 

Amplifier 

20·Segment 

r-------------~ (;~~~~~~~:~ 
Display) 

200-05 One-Shot -+­
Output Driver 

2()().ms One-Shet + 
LED Dnver 

2().Segment 
~f---<r--+--1 Loganthmic Display 

(Signal Bar-Graph 
Display) 

This Charge Amplifier/Discriminator features a logarithmic-bar-graph output display and a 
charge threshold that can be adjusted within a dynamic range of about 91 dB. 
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Ultra-Low-Resistance Metal Contacts on InP 
Resistivity can be as low as 10-8 Q-cnl . 

Lewis Research Center, Cleveland, Ohio 

Metal contacts on InP emiconductor 
devices can be made to exhibit electri­
cal resistivities close to the theoretical 
minimum value - of the order of 10-8 
n_cm2

• Heretofore, the lowest contact 
resistivities were of the order of 10-7 

n·cm2
; the e were achieved by use of i 

and other metals and alloys as the con­
tact materials. The present ultra-Iow­
re istance contacts are formed by first 
depositing Au on the InP surfaces, then 
depo iring i on the Au, then sintering. 
During sintering, i diffuses thl"Ough 
the Au into the InP, but the Au retards 
the diff-usion of In from the InP into the 
contacts. As a re ult, after intering, the 
concentration of In at the interface 
between the semiconductor and the 

Sinterless Formation 
of Contacts on Indium 
Phosphide: Part 2 
A different intermediate 
contact material can be used . 

Lewis Research Center, 
Cleveland, Ohio 

An alternative intermediate contact 
material can be used in the technique, 
described in "Sinterless Formation of 
Contacts on Indium Pho phide," NASA 
Tech Briefs, Vol. 19, o. 10 (October, 
1995) page 45, for interle s formation 
oflow-re i tivity (",lO~ n·cm2

) electrical 
contacts on JnP emiconductor devices 
without damaging the devices. The 
alternative material is i!>P A layer of 
this material is deposited, between the 
lnP and the metal contact layer, to the 
same thickne (40 ) as that of the 

gP2 intermediate contact layer de­
cribed in the prior noted article. 

This work was fUme by Victor G. m~izer 
and avid S. Falnni of Sverdrup Techno­
logy Corp. JorLewis Research Center. For 
further infonnatwn, write in 60 on the TSP 
Request Card. 

Inquiries concerning rights for the com­
mercial use of this inven1um slwuld be ad­
dressed to NASA Lewis Research Center; 
Commercial Technology Office, Attn: James 
Martz, Mail top 7-3, 21000 Brookpark 
lWad, Cleveland, Ohio 44135. Refer to 
LEW-15815_ 
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metal i greater than it is when Au is not 
used; the net effort of the higher con­
centration of In and the diffu ion of 
nickel into the subcontact bulk material 
is to reduce the interfacial barrier 
height and thus the resi tivity. 

This work was done by Victor G. Weizer 
and Navid S. Fatemi oj Sverdrup Tech­
nology, Inc. , Jar Lewis Research Center. 

For further illfonnation, write in 59 on the 
TSP Request Card. 

Inquiries concerning rights for thR com­
mercial use oj this invenlwn should be 
addressed to NASA Lewis Research Center; 
Commercial Technology Office, Attn: James 
Martz, Mail Stop 7-3, 21000 Brookpark 
!Wad, Cleveland, Ohio 44135. ReJer 10 
LEW-158I6. 
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• Radio Beacon Indicates Direction to Receiver 
The receiver need not be equipped with a directional antenna. 
Marshall Space Flight Center, A [abama 

A radio-beacon system provides 
information on the direction of a 
receiver relative to a transmitter, with­
out need to equip the receiver with a 
directional antenna. The major advan­
tage of thi sy tern is that by eliminating 
the need for a directional antenna, it 
also eliminate the need for antenna­
steering mechanisms and circuitry, 
which can be expensive. In a typical 
application, the transmitter and receiv­
er would be mounted in two different 
vehicles, and the operator of the receiv­
ing vehicle would use the directional 
information along with other informa­
tion to prevent a collision with the 
transmitting vehicle. 

From Oscillator 
and Amplifier-­

'------' 

which are generated in the following 
way: The amplified continuous-wave 
signal from an 0 cillator is fed through 
vector modulator to vertically oriented 
antenna elements mounted over a hor­
izontal ground plane (see figure). 
Modulation waveforms that produce 
amplitude and phase modulation are 
applied to each vector modulator; 
these wavefonn are designed to pro­
vide the required amplitude steps and 
the required variation in the antenna 
radiation pattern with time, the net 
result being that the amplitude steps of 
the ignal radiated in a given direction 
differ from the amplitude steps of the 
signal radiated in a different direction. 

Controller 

EXAMPLE OF SEQUENCE OF RADIATION PATTERNS 

digital repre entation of the prescribed 
waveforms that con-espond to a et of 
direction . In the processor, a digital 
repre entation of the amplitude-vs.-time 
WaVefOlTIl of the received signal i com­
pared with each prescribed waveform. 
The direction from the transmitter to 

the receiver is then assumed to be the 
direction as ociated with whichever pre­
scribed waveform most closely matches 
the received waveform. It should also be 
pos ible to modulate the transmitted sig­
nal to convey information on the head­
ing or orientation of the transmitting 
vehicle; in that case, the ab olute direc­
tion from the transmitter to the receiver 
would also be known. 

A Phased-Array Antenna is excited through vector modulators to radiate a signal with stepped amplitude and a radiation pattern (in the horizontal 
plane) that varies with time. The prototype system contains three antenna elements. but other numbers of elements could be used. 

The basic idea is to transmit a radio 
signal with amplitude that varies with 
time and direction according to pre­
scribed waveforms that the receiver can 
recognize. The directional information 
is encoded in a repeating sequence of 
direction-dependent amplitude steps, 
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The sequence can comprise any num­
ber of different amplitude steps and 
radiation patterns; the optimum num­
ber depends on the design of the anten­
na and the required performance of the 
system. The receiver includes a digital 
proce sor and a memory that contains 

www.nasatech.com 

This work was done by James W Harper 
oj Science Applications International Corp. 
jor Marshall Space Fligh t Center. For 
JUTther injormation, write in 57 on the TSP 
Request CaI·d. 
MFS-3J083 
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• Powering a Lightweight Airplane With 
Phased Microwave Beams 
A radio beacon aboard the airplane would transmit signals for aiming and phasing. 

NA :A's Jet Propulsion Laboratory, Pasadena, California 

Figure 1 and 2 illustrate aspects of a 
p ropo ed y tern for microwave beam­
ing of power from multiple phased 
microwave antennas at ground tations 
to a lightweight airplane flying in the 
vicinity. The system would operate inde­
pendently of any other telemetry links 

between the airplane and ground, 
would contain a minimal number of 
components, and could be expanded 
by adding ground stations. 

All of the ground tations would trans­
mit high-power microwave uplink ignal 
at the ame canier frequency, at con-
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trolled phases with re pect to each other. 
One power ignal would not be modu­
lated, while each of the others would be 
phase-modulated at a unique frequency. 

rectenna on the airplane would con­
vert everal uplink ignals to dc to power 
the plane. The amplitude of the re ult­
ing dc will contain a ripple component 
at each of the unique uplink modulation 
frequencies, which is proportional to the 
phase error of the ignal with that mod­
ulation frequency. The airplane would 
carry a low-power microwave downlink 
tran mitter operating at a higher canier 
frequency. The downlink signal would 
serve as a beacon for aiming the ground­
station antennas. (Optionally, orne 
antennas could be aimed in preparation, 
without turning on their high-power 
tran mitters until needed or until the 
airplane was do e enough.) 

The downlink signal would also be 
modulated with the amplitude ripples 
from the rectenna. These ripples con­
tain ufficient information to serve as 
feedback for adjusting the phases of the 
uplink signals at the ground stations so 
that the uplink ignals would be made 
to arrive at the rectenna in phase with 
each other to maximize the power deliv­
ered to the rectenna. 

The ground station transmitting tlle 
un modulated uplink signal would be 
denoted the master; the other ground 
stations would be denoted slaves, and 
the phase of their uplink signal would 
be adjusted relative to that of the mas­
ter, as de cribed below. The rectenna 
would receive a composite of master 
and slave signals. A sample of the mod­
ulation in the composite ignal would 
be extracted via low-pass filter 2 and 
used to modulate the downlink signal. 
The modulated downlink signal would 
thus contain information on the rela­
tive phase of each slave transmitter. 

The uplink carrier frequency would 
be provided to each slave tation 
through a common radio-frequency dis­
tribution subsystem. In each slave sta­
tion, the distributed common canier 
signal would be phase-modulated at its 
unique frequency, then passed to a 
high-power amplifier via a phase shifter, 
which would adjust the phase in 
respon e to the feedback phase-control 
ignal. The high-power output ignal 

would be bounced off a dichroic reflec­
tor, which would reflecl at the uplink 

ASA Tech BriefS, April 1997 
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Windows NT -

The Solution 

Windows NT was designed to be a 

high-performance, portable, scalable 

operating system, much like the origi­

na l design specifications for UNIX. 

However, as a more modern system, 

it benefits from 20 years of advance­

ments in operating system design 

and can today be offered at a much 

lower cost to the consumer. In short, 

with Windows NT, engineers can 

now take advantage of advanced 

product development software, such 

as Pro/ENGINEER, without giving up 

the familiar world of the PC. 

Furthermore, an increasing number 

of companies are recognizing the 

financial and time-saving benefits of 

purchasing a system that can be 

used for both mechanical design and 

personal productivity applications. 

Digital Hardware -

A Superior Choice 

Dig ital Equipment Corporati on was 

the fi rst UNIX-based hardware 

manufacturer to recognize the impact 

that Windows NT would have on the 

computer industry and, specifically, 

the technical markets of mechanical 

design and manufacturing. With 

Windows NT as the cata lyst for 

change, Digital has successfully 

reconciled its workstation business 

model with the PC computing para­

digm that has swept the computer 

industry, by supplying aggressively­

priced Windows NT-based PCs to 

customers who have hungered for 

a powerful, yet cost-effective, 

computing solution. 

The combination of Windows NT 

on Digital's Alpha workstations has 

created a new platform offering the 

Many companies are purchasing PCs power of a high-end workstation with 

runn ing Windows NT to extend the the affordability and familiari -

effectiveness of their work, while ty of a PC. This platform is 

reducing the number of operating well suited for Pro/ENGI NEER 

systems that need to be administered. Solutions and allows compa­

nies to use their financ ial 

resources to automate addi­

tional engineers, instead of 

supporting costly system 

administration and multiple -

often redundant - types of 

hardware. 

The Power of 

Pro/ENGINEER Solutions 

Pro/ENGINEER on a Windows NT­

based workstation provides all the 

functionality and benefits that UNIX­

based companies have been using 

so effectively to develop better 

products, faster and more affordably. 

Benefits that Pro/ENGINEER has 

always delivered, including faster 

modeling, enhanced collaboration, 

reduced cycle time and development 

costs, better communication with 

suppl iers and customers, and greate 

accuracy throughout the entire 

product development process are 

now available in the PC environm 

There have always been many good 

reasons to upgrade - now, with 

Pro/ENG I N EER running under 

Windows NT, there are no more 

reasons not to. 



Manufacturer Has Fe~er Surprises ~ith Pro/ENGINEER 

SRC VISIO of Medford, Oregon, makes com­
plex sorting systems that use machine vision 
technology to spot defective products and 
foreign materials on a high-speed processing line 
and remove them from the product stream. 
These machines, which transport the product at 
a rate of 500 to 1,000 feet per minute along a 
conveyor belt, compare optical images of items 
passing by with operator-entered standards 
stored in the system's computer. Defective items 
are quickly identified and removed from the 
good-product stream by a closely controlled air 
jet. Industries that use SRC VISION machines 
include food processing, plastics recycling, 
tobacco and wood. 

Designing these machines is an exercise in large 
assembly modeling and management. The 
machines, which are the size of a small room and 
weigh about three tons, may contain between 
2,000 and 6,000 mechanical parts. When 
SRC VISION was using conventional 20 CAD, 
designers had to manually perform clearance 
checks and interference checks prior to assembly. 

When it came time 
to assemble a newly 
designed machine, 
there were fit prob­
lems that necessitated 
engineering change 
orders, scrapped parts, 
and rework. 

Three years ago, 
SRC VISION invest­
ed in software to 
optimize the prod­
uct development 
process, installing 
ProlE GI EER 
Solutions from PTC 
and leaving 2D CAD 
behind. Now there 
are few surprises 
during assembly be­
cause fit and clearance 
can be thoroughly 

checked with the software. Assembly drawings 
are more accurate and "the ECO load has gone 
way down," says Tom Watkins, SRC VISION's 
director of mechanical engineering. 

E 'K)'; 0 fe\ er 
:.- c L.I" 

Another benefit of Pro/ENGINEER is the ability 
to send part models to vendors and get parts 
within hours-without producing drawings. 

Watkins says. 
.l 

,n-.I ER modeb electronic.ally," 
.nd in the U1!>e of laser cutting, 

" ') 1 I lCt.. 1/ 

With accuracy up, ECOs down, and electronic 
communication with vendors, SRC VISION has 
experienced a significant reduction in cycle time. 
It has also experienced its best year ever. 

-p l. 11 

UlQ both were company recor 
'We could ne\ er ha\ e gotte. 

r" t 

o .., 

Watkins says. 
1 

Although UNIX workstations were the original 
Pro/ENGINEER platform, SRC VISION later 
added a Digital Alpha computer. "Over the next 
18 months, our intention is to phase out all the 
UNIX boxes and replace them with the fastest 
Digital workstations available," Watkins says. 

The reasons for this are mainly economic, due in 
part to the affordability of the Digital computers 
as well as their ability to run Windows NT. 
According to WatkirIs, having Windows NT as 
the operating system will spare SRC VISION the 
cost of maintenance and support contracts. It will 
also spare them the need for two computers 
per designer. 

"When we're using a UNIX box for product 
development, we really need two computers on 
the desk because you also need a PC for applica­
tions like e-mail, Microsoft Office, and other 
specialized applications," WatkirIs says. "We'll 
need only one computer when we can put 
everything on a Digital Alpha computer running 
Windows NT." 
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Leveraging Pro/ENGINEER Solutions 

in the Windovvs NT Environnlent 

Custom Mold & Design, a builder of custom molds 

for medical, computer, and automotive applica­

tions changed its mold design process to take 

advantage of the benefits that Pro/ENGINEER 

provides. Bob Hulla~deI, deSIgn manager 

esbmates that the company's customer base has 

increased by 60% in the past three years, 

primarily because they are a user of Pro /ENGINEER 

a requirement of many of their customers. 

By applying Pro/ENGINEER to the entire mold 

design process, rather than just using it for esti­

mating, Custom Mold & Design has experienced 

additional benefits, such as a reduction in cycle 

time. And rather than running the software only 

under UNIX, Custom Mold & Design also uses 

three Windows NT-based computers from 

Digital Equipment Corp. as Pro/ENGINEER 

design stations. "We wanted Windows NT 

for the ease of file 

management and sys­

tem administration," 

explains Hullander. 

"UNIX can be really 

cryptic, but Windows 

NT is almost a natural." 

As an example, he tells 

of the first time they 

tried to connect a 

Digital Alpha worksta­

tion to the company 

network. ''It was rela­

tively easy," he says. 

"We just clicked on different items until we got it 

connected. In UNIX, we would have been typing 

in cryptic commands that are really confusing, 

unless you have a strong UNIX background." 

Hullander added that with Windows NT as the 

operating system, "There isn't much time 

involved in teaching people how to maintain 

their computers. And most people have at least a 

basic understanding of Windows applications." 

For Hullander, the Digital Alpha workstation 

provides a competitive advantage for a number 

of reasons. "We chose Digital's system because 

of their innovative technology - they were run­

ning Windows NT before anyone else. Another 

critical factor - one that all CAD users can iden­

tify with - is speed. We wanted to invest in state­

of-the-art technology and after doing some 

research we found that Digital's Alpha processor 

was one of the fastest processors on the market," 

Hullander commented. 

By combining the speed of the Digital Alpha 

workstations and the visualization and accuracy 

of Pro/ENGINEER Solutions, Custom Mold was 

able to reduce the time to design a mold by 

30 percent. "1 Jda\ e turn a mold around UI 

eIght . 'el<s concluded Hullander. "Using our 

previous so l r .t: and hardware ystems, that 

'ould have been impossible. And with business 

more than doubled over last year, the winning 

combination of ProlE GINEER Solutions and 

Digital NT machines clearly delivers a true 

competItive advantage." 

Parametric Technology Corporation and Pro/ENGINEER are registered trademarks and all names in the 
PTC product family, and the PTC logo are trademarks of Parametric Technology Corporation in the United 
States and other countries. All other companies and products referenced herein have trademarks or 
registered trademarks of their respective holders. 
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carrier and thereby direct this signal 
along the uplink path. 

The dichroic reflector would be trans­
parenl at the downlink carrier frequen­
cy, and would thus allow the simultane­
ously received downlink signal to pass 
through the dichroic reflector into a 
monopulse receiving feed. Error and 
sum signals would be generated, fil­
tered, and used to point the antenna to 
higher accuracy. In addition, a ample of 
the sum signal would be demodulated in 
a phase-locked loop, and the unique fre-

quency of the modulation component 
from tills particular slave would be sepa­
rated from those of the other slave ; the 
modulation from tills slave would be 
extracted from the composite modula­
tion by use of a band-pas filter. The con­
ditioned output of the phase-locked 
loop would serve as a control signal for 
adjusting the phase shifter. 

This lIXl1k was dtme by Bruce L Cunroy and 
Daniel J Hoppe oj Caltech for NASA's Jet 
Propulsion Laboratory. For further infor­
mation, write in 24 on the TSP Request Card. 
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In accordance with Public Law 96-517, 
the contractor has elected to retain title to this 
invention. Inquiries concerning rights for its 
commercial use shOtLld be addressed to: 

Larry Gilbert, Director 
Technology Transfer 
California Institute of Technology 
Mail Code 315 - 6 
Pasadena, CA 91125 
(818) 395-3288 
Refer to rp0-19647, volume and number 

of this ASA Tech Briefs issue, and the 
page number. 

Slave Station With 
Modulator at Frequency 'n 

Figure 1. The Downlink Transmitter in the Airplane would provide phase information for adjusting the relative phases of the uplink transmitters, plus 
a beacon signal for monopulse tracking. 

Modulated 8.5-GHz 
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de Power 

Modulated High-Power 
Uplink Signals 

Modulated 
Downlink Signal 
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Figure 2. Airplane and Ground-Station Subsystems would cooperate as parts of an aiming and phase-controlling system to maximize the uplink power 
delivered to the rectenna. 
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The Y-Il Method of Designing Achromatic Lenses 
Both group and phase indices of refraction are taken into account. 
NASA S Jet Propulsion Laboratory, Pasadena, California 

The r-P, (gamma minus mu) method 
is a powerful and convenient method 
of de igning multiple-element aciuQ­
matic len es. The r-P, method is 0 

named because it involves considera­
tion of the group index of refraction 
(y) and the phase index of refraction 
(p,) of the glas u ed in each lens ele­
ment, plus consideration of r-P, as a 
measure of the wavelength-disper ive 
power of the glass. 

In the traditional method of design­
ing achromatic lenses, the only index 
of refraction that is considered is the 
phase index of refraction, which is what 
is customaIily meant by the unmodified 
term "index of refraction." The mea­
sures of wavelength-dispersive power 
("disper ion" for short) in the tradi­
tional method are the Abbe number 
and the partial di persion, which are 
ratios of differences between phase 
indices of refraction at different arbi­
traIily chosen wavelengths. The tradi­
tional method is algebraically cumber­
some and unduly restIictive when 
applied to a lens of three or more ele­
ments. Unlike the traditional method, 
the y-p method does not involve the 
arbitraIiness of the traditional mea­
sures of dispersion and is a practical 
means for designing a lens of N ele­
ments (where N can exceed 3). In addi­
tion, the y-p, method elucidates - per­
haps for the first time - the physical 
significance of group velocity in the 
performance of a lens. 

Some definition of terms are pre­
requisite to a summary of the y-1' 
method: The group velocity (Vg) in a 
mateIial is the velocity at which a sig­
nal, a wave packet, or photon propagat­
ing in the material carIies information 
or energy. The group index of refrac­
tion of the material is given by y = c/ vg, 

where c is the speed of light in a vacu­
um. The group and phase indices of 
refraction, as functions of wavelength 
(1), are related via the equation y = 

p,-1( d1'/ef)..). The phase power of a lens 
can be defined as the curvature of the 
wavefront that emerges from the lens 
when the lens is illuminated steadily 
from a distant point source of light. 
The group power of a lens can be 

50 

defined as the curvature of the urface 
of maximum energy den ity of light 
that emerges from the lens when the 
lens is illuminated by an extremely 
short pulse of light from the same dis­
tant point ource. 
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An important byproduct of tbe devel­
opment of the r-1' method is a method 
for choosing an optimal combination 
of glasse for the N elements of an 
achromatic lens. In this method, one 
can easily apply chromatic constraints 

99.90 99.92 99.94 99.96 99.98 100.00 100.02 100.04 100.06 100.08 100.10 

Relative Focal Length, Percent of Nominal Value 

The Wavelength Dependence of Focal Lengt h was computed in thin-lens approximation for a 
three-element group achromat. The first and second derivatives of phase power with respect to 
wavelength a re constrained to be zero at a wavelength of 0.5 ~m, making the lens achromatic 
and confocal in group and phase power at that wavelength. The inset shows the lens as a cement­
ed triplet at fn .S corrected for spherical aberration. 

The y-p, method is based on the 
observation, deIived from fundamental 
principles of optics, that at a wave­
length at which the group power of an 
Nelement lens attains maximum or 
minimum, the phase power equals the 
group power. In a lens that comprises 
three or more elements, the phase and 
group powers can be made both equal 
and independent of wavelength in the 
neighborhood(s) of one or more wave­
length (s) (see figure). In such a wave­
length neighborhood, the lens is both 
achromatic and confocal in phase and 
group power, giving this type of lens an 
unprecedented degree and type of 
achromatism, called "group achroma­
tism." A lens of this type is denoted a 
group achromat. 

www.nasatech.com 

more general than the conventional 
ones. Furthermore, the computation 
for an Nelement lens reduces to a ys­
tern of linear equations that can be 
solved easily by a matrix formalism that 
involves computation of the inverse of 
an Nx N matrix defined in terms of the 
indices of refraction of the glasses. The 
value of the determinant of the matrix, 
which can be interpreted in terms of an 
N-dimensional geometry, becomes a 
measure of the degree to which the 
combination of glasses satisfies the 
given set of constraints. 

This w()Tk was done by Arthur H. 
Vaughan of Caltech f()T NASA's J et Pro­
pulsion Laboratory. For further infanna­
lion, write in 98 on the TSP Request Card. 
NPO-19702 
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@Variable-Buoyancy Balloons for 
Tracking Tropical Storms 
Evaporation and condensation of a secondary buoyancy fluid 
helps maintain approximately constant altitude. 

NASA's Jet Propulsion Labaratory, Pasadena, California 

Radio onde-balloon y terns for track­
ing tropical torm at approximately 
constant altitudes over both land and 
ea are undergoing development. 

Customarily, a radio onde balloon, 
which i attached to a floating ocean 
buoy, is launched into a tropical torm 
and i quickly drawn into the eye of the 
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3m 

L 

Balloon Filled 
With Helium 

Radiosonde 

Strobe 

Bag or Balloon 
Containing 

Refrigerant 114 

Fig ure 1. A Dual-Balloon System carries a 
radiosonde and strobe. 
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storm, even if released hundreds of 
mile away. The buoy and balloon, how­
ever, are destroyed when the torm eye 
passe over land. It would be highly 
de irable for a balloon tern to track 
the eye and maximum hurricane winds 
over both land and ea from some alti­
tude( ) in the troposphere. 

A balloon system of the type under­
going development contain a primary 
buoyancy fluid and a secondary buoyan­
cy fluid. The buoyancy fluids are con­
tained in separate balloon (see Figure 
1). The primary buoyancy fluid is typi­
cally helium, while the econdary buoy­
ancy fluid is a phase-change fluid [(for 
example, butane, ethyl chloride, or 
refrigerant 114 (dichlorotetrafluo­
roethane)]. The type and amount of 
secondary buoyancy fluid is cho en so 
that under the prevailing conditions of 
temperature and pres ure, this fluid 
condenses above the desired altitude 
and evaporates below the desired alti­
tude, causing the balloon to bob 
around the desired altitude. 

The feasibility of this bobbing alti­
tude concept was demonstrated in clear 
weather in an experiment with a two­
balloon system like that of Figure 1. The 
system was released over California and 
went through several cycles of bobbing 
about an altitude of about seven kilo­
meters (see Figure 2). In an actual hur­
ricane, the balloon is likely to repeated­
ly travel to the eye, be drawn up to high 

7 8 g 10 11 12 13 

Flight Time, hours 

Figure 2. The Altitude of a Balloon System like that of Figure 1 was tracked until radio contact was 
lost over the Nevada Desert. 
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altitude and be forced outward and 
downward, and then travel to the eye, 
thus continuously measuring the hurri­
cane wind-distribution patterns. 

This work was done by Jack A. Jones of 
CaUech fur NASA's Jet Propulsion Lab­
oratory. Fur Jurllurr information, write in 
55 on the TSP Reql.U!Sl Card. 
NPO-19709 

~ Evaluating 
Effects of Weather 
on Optical 
Communications 
A mathematical model 
incorporates statistics from 
observations of visibility 
through the atmosphere. 
NASA's Jet Propulsion Laboratory, 
Pasadena, California 

A method of evaluating the effects of 
weather on optical communication links 
from spacecraft to ground involves the 
use of an empirical mathematical model 
for attenuation of signal in the atmos­
phere. The method is related to an older 
method of evaluating a radio-communi­
cation link, wherein one takes account 
of gains and los es in estimating the 
amount of ignal power needed to 
ensure orne baseline level of perfor­
mance, and the link is de igned with 
greater power; the extra power is called 
"link margin" and can be incorporated 
into the de ign as a precaution against 
uncertainty in de ign assumptions 
and/ or to enhance performance. 

A basic assumption of the present 
method is that local weather at each 
ground receiving station severely affects 
reception of ignal and, therefore, a 
satellite-to-ground optical-communica­
tion tern will include multiple ground 
tarion in a diversity reception scheme. 

In this case, diversity entails locating la­

tions far enough apart (e.g., hundreds 
of kilometers) that the} can be con id­
ered to be expo ed to different weather 
conditions. In de igning such a stem 
and analyzing its performance, the a\'ail­
ability of each tation fiU t be defined, 
and it i necessary to quantify the link 
margin needed to accommodate link 
uncertain tie accurately. In the older 
method of calculating link margin, one 
doe not take atmo pheric attenuation 
into account, with the result that a sys­
tem designed b that method can end 
up over- or underde igned. 

In the pre ent method, one do not 
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u e the power-based measure of link 
margin of the older method; in tead, 
one use a different metric, called the 
"expected data volume" (EDV) , , hlch 
take account of both availability and 
uncertamtle in atmo pheric attenua­
tion. As a prerequi ite to a de cription of 
how this is done, it i nece ary to define 
the term "available," "unavailable," and 
"availability" as used in thi pecial con­
text. A ground tation i aid to be avail­
able or unavailable at given in tant if, at 
that in tant, the atmo ph eric attenua­
tion there i les than or greater than a, 
re pectively. "Availability" is defined as 
the nominal probability Pa that the 

atmo pheric attenuation will be Ie 
than or equal to a pecified amount a 
( ee figure) . The figure contain a rep­
re entative plot of Pa ver u a; the plot 
include a nominal curve within a band 
that repre ems the uncertainty 6.a in 
atmo pheric attenuation. 

One can con truct a mathematical 
model of Pa and 6.a as function of a 
from stati tical data on cloudine . uch 
data are being gathered by three diverse 
(in the ense defined above) ob ervato­
rie (twO in California, one in Arizona) 
that monitor the intensitie of light 
received from known tar of known 
brighme . 

fltjuZZled about which diode 
laser fits your application? 

The model APMT combines TIL modulation with 
astigmatic and anamorphic beam-correcting op­
tics and an active Peltier temperature control in 
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The high power HAM system incorporates an 
internal fan , heat-sinking, and drive electronics 
for the diode's internal thermoelectric cooler. 
Available lasers range from a 100mW, 650nm 
wavelength to a 2000mW, 810nm wavelength. 
Collimating optics are now available. 
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The model SPMT diode laser system is 
a fully integrated system, with laser, op­
tics, and drive circuitry. This design al­
lows for space saving and position flex­
ibility with a separate laser/optics head 
topology. The unit has TIL modulation 
capability of up to 20M Hz on 5VDC. 
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an 

Pa r~' 

a Zenith Attenuation, dB 

A Cumulative Probability Distribution of a for 
a typical ground receiving station would look 
like this plot. The a represented on this plot is 
zenith attenuation. When analyzing an optical 
communication link with reception from an 
off-zenith direction. the path length is greater 
and thus the value of a must be increased. For 
design. the a for the largest expected zenith 
angle should be used. 

on ider a et of tation capable of 
viewing the pace craft source of the opti­
cal ignal under cloud-free conditions 
("candidate station ," for hort) . The 
probability PN(m) that m of tho e ta­
tions are available i given by 

where B( ,m) denotes the binomial 
coefficient [the number of combina­
tions of N things taken m at a time; that 
is, ./ m!(N - m)IJ. The probability PN 

that at least one of the tations is avail­
able is given by 

N 

PN = 2/Mm)=1 -(1-Pa)N-m 

m- 1 

Thi is the "joint availability" of the net­
work of ground stations to receive a 
downlink signal if everything is constant. 
In practice, the number of candidate ta­
tions changes with rotation of the Earth 
and motion of the ource. Suppose that 
total downlink time is T, which is divided 
into K di tioint segments tlo'-l, . . . t/6 such 
that during each segment tj there are N; 
candidate stations. Suppose also that 
when at least one station is available, it is 
possible to reliably receive data transmit­
ted from the ource at a rate R Then the 
expected data volume is defined as the 
volume of data expected to be received 
during Tand is given by 

K 

EDV=R I, t;PNj 

i-1 

This is the metric for determining the 
capability of the link. The EDV and the 
underlying methodology are propo ed 
for u e when making com pari ons 
between propo ed radio-frequency and 
optical communication links. 

This work was done by James R Lesh of 
Caltech for NASA's Jet Propulsion 
Laboratory. For further information, write 
in 6 on the TSP Request Card. 
NPO-19774 
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~ Kinematic Positioning With GPS Pseudorange and Carrier Phase 
Accuracy would be 2 to 3 times that of positioning with pseudorange alone. 
NASAs Jet Propulsion Laboratory, Pasadena, California 

Three techniques have been pro­
posed to increase the accuracy of real­
time kinematic positioning via the 
Global Positioning System (GPS). 
These techniques involve the process­
ing of imultaneous GPS p eudorange 
and carrier-phase measurements to esti­
mate position with accuracy greater 
than that achievable by use of pseudo­
range alone. The techniques are com­
putationally efficient and thus suitable 
for implementation in compact naviga­
tional electronic equipment that could 
be carried aboard airplanes, land vehi­
cles, boats, and Earth-orbiting satellites. 

GPS p eudorange measurements pro­
vide absolute but crude positioning 
information, while carrier-phase mea­
surements provide precise information 
on changes in position; thus, one can 
determine position with greater accura­
cy from a combination of pseudorange 
and carrier-phase data. The "catch" in 
using carrier-phase data is that each 
continuous pass of carrier phase mea­
surements is accompanied by an 
unknown phase bias, so that it is neces­
sary to remove or estimate this bias in 
processing the data for accurate real­
time positioning. The three proposed 
teclmiques provide various means to 
account for phase biases and to use 
pseudorange and carrier-phase data for 
kinematic positioning. 

For all three techniques, an on-board 
GPS receiver must be capable of pro­
ducing p eudorange and carrier phase 
measurements from multiple GPS satel­
lites. The pseudorange measurements 
at a single epoch are used to obtain 
crude estimates of three-dimensional 
position and time. These estimates are 
then used as the nominal values for cal­
culation of partial derivative of mea­
surements with respect to po ition and 
time, and are combined with the carri­
er-phase measurements in the subse­
quem precise estimation. Pseudo range 
measurements are valuable in speeding 
up the convergence of the phase-bias 
estimates, and thus the position and 
time estimates. On the other hand. car­
rier-phase measurements provide ties 
between succe ive time points, thus 
enhancing po itioning accuracy. 

The three techniques are called 
"nondifferential," "simple time differen­
tial," and "modified time differential." 
In the nondifferential technique, the 
estimation process is carried out in a 
square-root information filter formula-
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tion. The estimated parameters include 
the four-dimensional current state 
(position and time) and carrier-phase 
biases. All these are treated as white­
noise parameters; the four-dimensional 
state is to be reset (i.e., white-noise 
updated) at every epoch, whereas each 
of the phase biases is to be reset only 
when its continuity ceases. 

In the simple time-differential tech­
nique, phase biases are eliminated by 
taking differences between phase mea­
surements at consecutive sampling 
times, and the current four-climensional 
state is estimated by use of a recursive 
formula that incorporates the preceding 
e timate and the current pseudorange 
and differenced carrier-phase measure­
ments. In the modified time differential 
technique. carrier-phase biases are 
removed in such a way as to recover the 
absolute-position information embed­
ded in the carrier phase; this involves, 
among other things, simultaneously esti­
mating the four-dimen ional state for 
both the current and the immediately 
preceding sampling times. 

rected by use of codes available to 
authorized users. Pseudorange and car­
rier-phase measurements are equally 
corrupted by these effects, which are 
typically tens of meters in magnitude. 
The SA effects can be removed if, at any 
epoch, each GPS satellite observed by 
the user is also observed by a ground 
station and the information retransmit­
ted to the user for differencing. 

The figure is a plot of selected results 
from a numerical simulation that was 
conducted to assess the positioning 
accuracies achievable with the pro­
posed techniques. The simulation was 
carried out for a GPS user aboard a 
satellite in orbit around the Earth at an 
altitude of 700 km. The results of the 
simulati.on show that when wide-area 
differential GPS data for reducing SA 
clock errors and GPS ephemeris errors 
are available and the proposed tech­
niques are used, it should be pos ible to 
estimate position to within a three­
dimensional root-sum-square (rss) accu­
racy between 0.5 and 0.8 m; this level of 
accuracy is benveen 2 and 3 times that 
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Three-Dimensional Position Error would be reduced by processing carrier phase data along with 
pseudorange data, using any of the three proposed techniques. 

Without information from ground 
GPS observations, on-board kinematic 
po itioning is limited by dithering of 
GPS clock signals pursuant to a policy 
called .. elective Availability," ( A) in 
which the precision available to unau­
thorized users is limited by introducing 
p eudorandom errors that can be cor-
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achievable with P eudorange measure­
ments alone. 

This work was done lJy Sien-Chong Wu 
and Tlwmas P. Yunck of Caltech for NASA's 
Jet Propulsion Laboratory. For further 
infonnation. write in 78 on the TSP Request 
Card. 
NPO-19575 

55 



Modification of Carbon Fibers for Higher Young's Modulus 
The Young's modulus of carbon fibers is increased after a cycle of 
fIuorination-defIuorination treatment. 
Lewis Research Center, Cleveland, Ohio 

Proce se for the defluorination of 
graphite fluoride fibers have been 
developed as means of producing new, 
chemically modified carbon-fiber mate­
rial . The starting material and proce s 
conditions for defluorination can be 
cho en so that the resulting modified 
carbon fibers take on properties that 
are de ired in pecific applications. The 
chemically modified carbon material 
have interplanar spacings in the range 
of 3.35 to 3.45 . Some of the modified 
carbon-fiber products exhibit very high 
moduli of elasticity, which heretofore 
have been achievable only with extreme 
difficulty. Other of these products, gen­
erally denoted as "activated graphite," 
can be used to make stronger metal­
matrix/ carbon-fiber composite materi­
als because they are more wettable by 
metal matrix materials than are carbon 
fibers made by older methods. 

In an older method of defluorination 
of graphite fluoride (heating in an inert 
environment), fluorine atoms leave the 
graphite fluoride and take significant 
numbers of carbon atoms with them. 
Consequently, the carbon material left 
after defluorination is extensively 
damaged and, therefore, not useful. 
Moreover, the process in the older 
method is difficult to control because 
the defluorination is either (a) slow 
and incomplete if done at a tempera­
ture < 400 · C or else (b) likely to tum 
explo ive if heating is done rapidly at a 
temperature> 400 · C. In a precursor to 
the present method, the graphite fluo­
ride fibers are treated in bromine va­
por at a temperature of 350 · C. Deflu­
orination in this case is faster and more 
complete than when done in an inert 
environment, but the material is till 
damaged significantly. 

The present method involve the use 
of halocarbon compound to heal 
some of the damage as defluorination 
proceed . The figure chematically il­
lu trates a typical proce according to 
this method. First, the graphite fluo­
ride fibers , obtained by fluorination 
of carbon fibers, are exposed to a suit­
able halocarbon gas (e.g., CCI4, CHBr5, 
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Br2CHCHBr2, or Br H2CH=CHCH2Br) 
at a temperature between ambient and 
250 · C to let the halocarbon molecules 
diffu e into the graphite fluoride mole­
cular structure in preparation for the 
defluorination-and-healing proce . 
Then, while maintaining the ame halo­
carbon atmo phere, the fiber are heat­
ed to a temperature between 250 and 
450 · C for an interval between 2 and 
10 h; thi heating effects the first-step 
defluorination, in which the majority of 
fluorine atoms are detached from the 
carbon atom in CF. and quickly re­
moved from the proximity of graphite 
fluoride by reacting to the halocarbons. 
Simultaneously with the defluorination, 
the halocarbons go, variously, to the 

site vacated by the fluorine atom and 
to ite that contain damage and de­
fects. Thus, the halocarbon molecule 
not only enhance the rate of defluori­
nation, but also prevent and heal the 
damage. Depending on the length of 
the halocarbon molecule , these mole­
cule may produce eros links of the 
molecular structure in the carbon mate­
rial and thereby produce a new carbon 
material; namely, graphite with its adja­
cent carbon layer crosslinked. 

The halocarbon molecules should be 
small so that they can enter the molecu­
lar tructure of the graphite fluoride. 
All of the fluorocarbon compounds 
mentioned above have molecule that 
are mall enough; they can prevent and 

Graphite Fluoride/Halocarbon Mixture in Halocarbon Environment 

Halocarbon 250 to 450 ·C 
• 1 st-Step Defiuorination 

• Healing • Cross-Linking 

Carbon Fibers Containing Fluorine and Other Halogens 

Ambient Air 
Aoom Temperature Temporary Storage 

Carbon Fibers Containing Fluorine and Other Halogens 

Inert Environment 
Up to 650 ·C 2nd-Step Defluorination 

Carbon Fibers Containing Nonfluorine Halogens 

Inert Environment Dehalogenation and 
1,000 to 1160 · C Carbonization 

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

Ambient Air 
Aoom Temperature 

Inert Environment 
Up to 2,700 · C 

Temporary Storage 

Graphitization 

Chemically Modified Graphitized Carbon Fibers 

This Multistage Process yields graphitelike carbon fibers with physical and chemical properties 
that are useful in selected applications. 
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heal the damage during the first- tep 
defluorination. However. with re pect 
to efIecti\'ene as a cro -linking agent, 
the ability of Cl4 i weak or non­
exi tent, the abilitie of CHBr3 and 
Br~CHCHBr2 are moderate, and that 
of BrCH2CH= HCH2Br i trong. 

Mter the fir t- tep defluorination, 
the carbon material till contain orne 
fluorine (up to 11 percent of the weight 
of the carbon) plus other halogen (up 
to 31 percent) from the halocarbon. 
Therefore after removing thi carbon 
material from the halocarbon environ­
ment to ambient air for temporary tor­
age, the material is ubjected to econd-
tep defluorination, in which it i heated 

in an inert environment (e.g., a nitrogen 
atmosphere) to a temperature of 600 ·C 
to remove mo t or all of the remaining 
fluorine and orne of the other halogens. 
The fibers are further heated in an inert 
environment to a temperature between 
1,000 and 1,160 · C to remove mo t or all 
of the remaining halogen atom . 

After a econd interval of temporary 
torage in ambient air. the fiber are 

heated in an inert environment (argon 
atmo ph ere) to a temperature of as 
much as 2,700 · C to increase the degree 
of graphitization and thereby increa e 

the modulu of ela ticity and thermal 
conductivity of the fiber. The proper­
tie of the carbon fiber thu produced 
depend on the temperature and 
other particular of the variou tage 
of the proce , including the final 
heating tage. In particular, according 
to the proce s de cribed in the figure, 
when the graphite fluoride reactant 
wa made from pi tch-based carbon 
fiber having modulu of ela ticit of 
105 M i and BrCH2CH= HCH2Br was 
cho en during the fir t- tep defluori­
nation, the final carbon fiber prod­
uct wa found to have modulu of 
elasticit value much higher than 120 
M i. uch an increa e in modulu of 
ela ticity i believed to be due to the 
cro -linking between the adjacent 
graphite layer. 

This work was done by Ching-cheh Hung 
of Lewis Research Cen ter. For further 
informatian, write in 22 o-n the TSP Request 
Card. 

Inquiries ctmeerning rights for the commer­
cial use of this invention sho-uld be ad-dressed 
to i\SA Lewis Research Center, Commercial 
Technology Office, Attn: Tech Brief Patent 
Status, Mail to-p 7-3, 21000 Brookpark Rd., 
Cleveland, OH 44135. Refer to LEW-
15847. 

• Toughened Carboni Carbon Pistons 
Three-dimensional carboni carbon would be toughened 
with metal or plastic in its pores. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

Carbon/ carbon piston of a pro­
po ed type would be tougher than 
those that have been tested thu far and 
would thu be capable of with tand-

Integral Ring 

ing the high temperatures and high 
impacts of u e in intemal-combu tion 
engines. The state-of-the-art carboni 
carbon pistons that the proposed pis-

Layer Containing 
Fully Carbonized PEEK 

PEEK Solid in 
This Region 

Region Containing 
Softened PEEK 

In a Proposed Carbon/Carbon Piston made of partly densified three-dimensional carbonlcar­
bon filled with PEEK as a toughening agent, the PEEK would become carbonized at the com­
bustion-chamber surface during operation, would be softened in the cooler layer below this sur­
face, and would be solid (providing maximum reinforcement) in the highly stressed region 
around the wrist-pin hole. 
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tons would replace tend to fail prema­
turely in use because they are brittle. 

The tate-of-the-art carbon/carbon 
piston are made with carbon fibers 
oriented predominantly in two dimen­
sions. However, three-dimensional car­
bon/carbon composite material would 
be used in the propo ed pistons. Fab­
rication of a piston would begin with 
weaving a preform to near net shape, 
using carbon fiber oriented in three 
orthogonal directions. The preform 
would then be partly densified into car­
bon/ carbon by use of a highly graphitiz­
able matrix precursor like petroleum or 
synthetic pitch, leaving a porosity of 
about 15 percent. 

By u e of resin-tran fer molding, the 
pores would be filled with a metal or 
a thermopla tic like poly(ether ether 
ketone) (PEEK), which would serve as a 
toughening agenL The part would then 
be machined to net hape. 

During operation, in the case of PEEK, 
a layer of PEEK would become carbon­
ized at the combustion chamber surface 
of the piston (the top surface in the fig­
ure). Immediately below that surface, 
the PEEK would be soft, so that the car­
bon/carbon compo ite in that region 
would bear all of the load. The regions 
farther below would be cooler, and 
would be coolest (at the temperature of 
the engine oil) in the vicinity of the 
wrist pin. The PEEK would be solid in 
these lower regions, providing the 
greatest support where stresses would 
be the greatest. 

This work was done by D. Kyle Brown of 
Callech for NASA's J et Propulsion 
Laboratory. For further infOTTlUltion, write 
in J6 on the TSP Request Card. NPO-19592 . 

• High-Performance 
Silver-Recovery 
Apparatus 
John F. Kennedy Space Center, 
Florida 

An apparatu at Kennedy Space 
Center recovers ilver from liquid waste 
produced during the development of 
photographic and radiographic film. 
In compari on with previously avail­
able silver-recovery equipment, thi ap­
paratus recover a greater proportion 
of ilver from the waste stream. In this 
apparatus, di olved silver is removed 
from the waste stream by exchanging sil­
ver ion for iron ion in sacrificial car­
tridges in treatment cells, while particu­
late silver i removed by filtering. The 
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ystem includes everaJ treatment cells 
in series; a "lead" (farthest upstream) 
cell followed by a "lag" cell followed by 
a tajJing or "polishing" stage that com­
pri es a dual cell plu a single cell. 
When the concentration of i1ver in 
the lead-cell cartridge reache the 
maximum allowable, this cartridge is 
removed to harvest the silver, the car­
tridge from the lag cell i moved to 
the lead position, and a fre h car­
tridge is placed in the lag cell. The 
apparatus treats as much as 15 gallons 
(",166 liter ) of waste per day, recov­
ering more than 99.9 percent of the 

silver. The concentration of silver in 
the effluent is no more than 5 parts 
per million - low enough to permit 
the eilluent to be ent to a sewage­
treatment planl. 

This work was dtJne by Edsel W. FicMy, 
Daniel J TiernC)~ and Clarence E. Gillen­
water of EG&G Florida, Inc., for Kennedy 
Space Center. For further information, 
write in 67 on the TSP Request Card. 

Inquiries concerning rights for the commer­
cial use of this invention should be add71!SSed 
to the Patent Counsel, Kennedy Space Center; 
(407) 867-2544. Refer to KSC-11846. 

For More Information Write In No. 412 59 



~ Computing Characteristics 
of Dual-Reflector Antennas 

The DUALREF computer program 
accurately predicts radiation character­
istic of microwave antennas. Such 
antenna radiation characteristics as 
beam width , gain, aperture efficiency, 
side-lobe level, and cross polarization 
are u ed in analyzing and de igning 
advanced antenna ystems. While the 
ingle oiE et paraboloid has been the 

configuration used most extensively for 
satellite multiple-beam antenna , the 
trend toward large aperture and 
toward requirements for minimum 
degradatiOI~ of scanned beam over the 
field of view (ISO wide for rull coverage 
of the Earth from geostationary orbit) 
may lead to impractically long focal 
lengths and large feed array . On the 
other hand, dual-reflector antennas 
offer packaging advantages and more 
degrees of design freedom to improve 
beam scanning and cross-polarization 
properties. Reflector antennas are wide­
ly used in communication satellite sys­
tems because they provide high gain at 
low cost. The Cassegrain and Gregorian 
antennas are the most commonly used 
dual-reflector antennas. DUALREF can 
calculate the econdary patterns and 
directivities of these antennas and of 
any similar generalized dual-reflector 
antenna system. 

DUALREF uses the physical-optics­
current methodology for describing the 
induced currents on the sub- and main 
reflectors. The resulting induced cur­
rents on the main reflector satisfy 
Maxwell's equations, so they are inte­
grated to obtain the antenna far-zone 
electric fields. The output of the pro­
gram describes such antenna radiation 
characteristics as beam width , gain, 
aperture efficiency, side-lobe level, and 
cro polarization. This program has 
been verified with other physical-optics 
programs and with measured antenna 
patterns, and the compari on shows 
good agreement in far-field side-lobe 
reproduction and directivity. 

DUALREF i written in Micro oft 
Fortran PowerStation for IBM pc.com­
patible computers rnnningWmdows 3.1, 
Windows 95, or Windows NT. Micro oft 
Fortran PowerStation for Window and a 
plotting program (e.g., MATLAB or 
Mathcad 5.0 Plus) are required. DUAL­
REF has been successfully implemented 
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on an IBM pc.compatible 4 6D / 33 
computer running Wmdow 95. The 
tandard di tribution medium for DUAL­

REF is one 35-in. (S.S9-cm), 1.44MB, 
MS-DOS-format di kette. The contents of 
the diskette have been com pre ed by 
use of the PKWARE archiving oftware 
tools. The utility oftware to unarchive 
the file , PKUNZIP.EXE v2.04g, i includ­
ed. DUALREF was released to COSMlC 
in 1995. 

This program was written by Roberto J 
Acosta oJLewis Research Center. For Jur­
ther information, write in 72 on the TSP 
Request Card. 
LEW-16226 

@ Software for the Airborne 
Emission Spectrometer 

Special-purpose software has been 
developed to support both in-flight 
and ground proces ing of data from 
the Airborne Emission Spectrometer 
(AES) , a Fourier-tran form spectrome­
ter for studying tropospheric chem­
istry from a variety of airborne plat­
forms . The AES upport oftware 
includes components in three cate­
gories; decommutation , cataloging, 
and utilities. The decommutation soft­
ware transforms the spectrometer 
readout data from instrument format 
to a format suitable for calibration and 
further processing; it is used for both 
routine processing and for te ting the 
instrument. The cataloging software 
generates catalog and data-quality 
information stored in a relational 
database. The uti li ties were developed 
as needed to perform specific func­
tions, including copying data onto and 
from magnetic tape, "smart" down­
loading of data, geolocation, extrac­
tion of specified ub ets of data, and 
averaging. The decommutation and 
cataloging software were designed 
concurrently with the AES hardware. 
Overlapping functional requirements 
in the support software were identified 
early in the de ign effort, enabling the 
reuse of many oftware components: 
Overall, the AES upport software 
compri e 326 modules, of which only 
171 are unique. 

This program was written by Steven 
Larson oj Caltech Jor NASA's Jet Pro­
pulsion Laboratory. For Jurther informa­
tion, write in 16 on the TSP Request Card. 
NPO-19917 
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fj Software Manages 
Recorded Data Structures 

The pacecraft Data Recorder (SDR) 
computer program enable flight oft­
ware in a spacecraft (or imilar oftware 
in a terre trial application) to manage 
data tructure (e.g. , link li ts and 
table) recorded in a persistent medium 
uch as a magnetic disk or a olid- tate 

recorder based on nonvolatile random­
acces memory. The SDR software also 
prevents corruption of persistent data 
by errors in application program or by 
rebooting of computers. The data struc­
tures are treated as objects in the C pro­
gramming language. The oftware sup­
ports the u e of an abstract data-record­
ing device, which is also denoted "SDR." 
The SDR abstraction insulates the appli­
cation software from the specific char­
acteri tics of the real data-storage device 
and, as much as possible, from tradi­
tional data-storage and -retrieval chores. 
The underlying principle i that an SDR 
provides standardized support for user 
data organization at object granularity 
and direct access to per istent u er data 
objects, rather than supporting u er 
data organization only at "file" granu­
larity and requiring the user to imple­
ment access to data objects accreted 
within those files. 

This program was written by Scott 
Burleigh and Alan Schlutsmeyer oj Caltech 
Jor NASA's Jet Propulsion Laboratory. 
Far Jurther inJormation, write in 15 on the 
TSP Request Card. 
NPO-19905 

@ Software for Analyzing 
Vibrations of LeVitated 
Liquid Drops 

The SlY-Data Analyze computer pro­
gram extracts frequencies and damping 
parameters from raw data acquired in 
laboratory observations of vibrations of 
electrostatically levitated liquid drops. 
The frequencies and damping parame­
ters of the e vibration are used to cal­
culate the surface tension and viscosi­
ties of the drop . The program reads a 
raw data file in a format used in the lab­
oratory observations, high-pass filters 
the data, provides for selection of the 
relevant portion of the data, then per­
forms a nonlinear least-square fit of 
the filtered, selected data to the prod­
uct of (1) a decaying exponential and 
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(2) a sine wave, the frequency of which 
change linearly with time. The parame­
ters reported as a result of this fit are the 
exponential-decay time constant, the ini­
tial frequency, the coefficient of change 
of frequency with time, and the approx­
imate standard deviations of the foreger 
ing quantities. Optionally, the program 
writes the filtered, selected data to an 
ASCll file for further processing. The 
program i optimized for the specific 
raw-data format and the specific fitting 
function. The program was written as a 
Virtual Instrument in version 3.0.1 of 
the LabVIEW oftware system, and can 
be executed only within that system. 
Also needed for execution is a 
Macintosh (or equivalent) computer 
with a 68040 (or better) processor and at 
least 16MB of random-access memory 
(RAM), or else a Power Macintosh (or 
equivalent) computer with at least 24 
MBofRAM. 

This program was written by Erik Spjut 
and Won-Kyu Rhim of Caltech for NASA's 
Jet Propulsion Laboratory. For further 
information, write in 96 on the TSP 
Request Card. 
NP0-20000 

* Software for Exciting 
Vibrations of Levitated 
Liquid Drops 

The Excite to Disk computer program 
governs the generation of a inusoidal 
voltage of specified frequency, ampli­
tude, and duration for exciting the 
vibrations described in the preceding 
article. Following the excitation, this 
program records the vibrational 
response, time-stamps the response 
data, and writes the resulting data to a 
hard disk in a binary format thal occu­
pies less disk space than does an ASCII 
format these are the raw data men­
tioned in the preceding article. Also 
recorded on the disk are ancillary data 
on experimental conditions and note 
written by the experimenter. The prer 
gram also high-pass-filters the data, dis­
pia the filtered data as a function of 
time, compute a fast Fourier transform 
(FIT) of the filtered data under the 
as umption that the data represent an 
exponentially decaying sinusoid, dis­
plays a power spectrum based on the 
FIT, and estimates the values of exper 
nential-decay time constant and the fre­
quency from the FIT and from the peri­
od between zero crossings. Like the pro­
gram de cribed in the preceding article, 
this program was written as a Vrrtual 
Instrument in version 3.0.1 of the 
LabVlEW software system, and can be 
executed only within that system on 
either a Macintosh (or equivalent) com-
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puter with a 68040 (or better) processor 
and at least 16MB of random-acce 
memory (RAM) or else a Power 
Macinto h (or equivalent) computer 
with at least 24 MB of RAM. Also needed 
for execution is version 4.7.0£3 of the NI­
DAQ oftware. 

This program was written by Erik Spjut and 
Won-Kyu Rhim of Caltech for NASA's Jet 
Propulsion Laboratory. For further infor­
mation, write in 97 on the TSP Request Card. 
NP0-2000l 

fj Automated Monitoring 
With Learned 
Envelope Functions 

The Envelope Learning and Mon­
itoring via Error Relaxation (ELMER) 
computer program automates the moni­
loring of time series of data from multi­
ple sensors in a complex engineering sys­
tem. The basic idea in automated moni­
toring is to trigger an alarm when the sig­
nal from any given sensor goes beyond 
allowable upper and lower limits; the 
problem is how to specify these limits. 
ELMER is designed to avoid the disad­
vantages of both (1) traditional monitor­
ing with fixed limits, which tends to be 
too imprecise (to miss alarms) and (2) 
monitoring based on dynamical simula­
tion of the system, which tends to be too 
expensive and too precise (to generate 
false alarms). Starting from traditional 
high and low limits, ELMER use compu­
tational models of recurrent neural net­
works to "learn" global functional 
approximations for the upper and lower 
limits. For each sensor, these evolving lim­
its are embodied in a pair of functions of 
time, collectively denoted an "envelope." 
As learning progresses with time, the lim­
its become tighter; thus, in effect, 
ELMER makes a gradual transition from 
a mode of operation that resembles tra­
ditional fixed-limit monitoring toward a 
mode that looks more like a compromise 
between flXed-limit and simulation-based 
monitoring. The point of compromise -
the balance between fals alarms and the 
ability to detect malfunctions - is con­
trolled parametrically. A graphical user 
interface enabler presents data from mul­
tiple time series on mulLiple time scales, 
as determined by the user. ELMER has 
been implemented on un Sparc com­
puters running Solaris 2.x and could 
probabl be poned to other UNIX sys­
terns running Gt+ and Java. Large color 
monitors and at least 32MB of random­
access memory are recommended for the 
graphical user interface. 

This program was written by Dennis 
DeCoste of Caltech for NASA's Jet Propul­
sion Laboratory. For fu.rther infonnation, 
write in 18 on the TSP Request Card. 
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o Characterizing Worst-Case Flutter Margins 
From Flight Data 
A robust stability theory enables computation of flutter margins consistent with 
variations in flight data. 
Dryden Flight Research Center, Edwards, California 

A mathematical-modeling method 
for characterization of the flutter stabil­
ity margins of an airplane has been for­
mulated within the conceptual frame­
work of a robust stability theory. The 
method was developed in a recent pro­
gram to improve flight flutter testing on 
the F / A-I8 Systems Research Aircraft 
(SRA) shown in Figure l. 

Some definitions of terms are prereq­
uisite to an explanation of this develop­
ment. "Flight envelope" denotes a 
range of velocities and altitudes within 
which it is considered to be safe and 
possible to operate an airplane. "Flutter 
stability margin" signifies a margin, 
defined with respect to a flight enve­
lope, for avoiding flutter. 

The development was prompted by 
the following considerations: Because 
of the danger po ed by relying on inac­
curate estimation of aeroelastic-stability 
properties, expansion of the flight enve­
lope is costly and time-consuming. 
Mathematical models for preflight pre­
diction and in-flight estimation must be 
accurate enough to represent the true 
stability margins. 

In this method, the mathematical 
model of the airplane as an aeroelastic 
system comprises a nominal plant 
model generated as a structural model 
coupled with a linear state-space repre­
sentation of unsteady aerodynamic 
forces, with associated uncertainty oper­
ators to represent modeling errors. The 
uncertainty operators admit variations 
in modal frequencie and damping 
parameters, non linearities, unmodeled 
dynamics. The robust stability margin is 
represented by a tructured singular 
value called "ll." 

Flight data are easily incorporated 
into the stability analysis in this method. 
Uncertainty operators are derived by 
modal validation to ensure that the 
dynamics observed in the data are rep­
resented in a robust mathematical 
model. The stability-margin parameter 
II is robust to the measured variations 
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associated with the uncertainty opera­
tors. In this sense, worst-case flutter 
margins are computed with re pect to 
the flight data. 

The worst-case flutter margins are 
computed for the F / A-I8 SRA by use of 
aeroelastic-response data generated 
during operation of a wing-tip excita­
tion apparatus, which includes a rotat­
ing aerodynamic vane on each wing tip 
to produce a modal vibration-excitation 
force. The frequency of rotation can be 
varied to obtain sine-sweep-respon e 
data. Symmetric and antisymmetric 
modes can be excited separately by use 
of in- or out-of-phase excitation, respec­
tively, at the wing tips. 

computed by both methods are similar, 
but the robust margins indicate that the 
flutter margins may lie closer to the 
flight envelope when modeling errors 
are taken into account. 

This method offers significant advan­
tages over traditional flutter-estimation 
metllOds. Analytical methods - for 
example, the one implemented by the 
p-k algorithm - rely on theoretical 
models to approximate the dynamic of 
aircraft without utilizing flight data. 1n­
flight-e timation methods - for exam­
ple, modal tracking - depend on noisy 
data and often produce unreliable sta­
bility estimates. The ll-analysis ap­
proach utilizes a well-developed theo-

Figure 1. The F/A-18 Systems Research Aircraft has been used in research on flutte r margins. 

Flight data [Tom 260 maneuvers 
throughout the fligh t envelope are used 
to generate uncertainty operators for a 
linear mathematical model with 28 
structural vibrational modes. Figure 2 
illustrates nominal and robust flutter 
margin computed with ll' along with 
flutter margins of a traditional type 
called "p-k," for symmetric and antisym­
metric modes. The nominal margins as 
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retical model and reali tic flight data to 
obtain accurate estimates of the stabili­
ty properties of an aircraft. 

This method may significantly 
decrease the cost and danger associat­
ed with flight testing for expansion of 
the flight envelope. A modal damping 
parameter of the type used heretofore 
for flutter estimation is merely a stabili­
ty indicator (as distinguished from a 
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stability predictor) and is truly informa­
tive only at a point of in tability. On the 
other hand, Jl j a tability predictor and 
can be updated throughout a flight te t 
by revising the uncertainty operators on 
the basis of current measurement data 

and computing a new stabil ity margin. 
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This work was done by Martin Brenner 
and Rick Lind oj Dryden Flight Research 
Center. Fur further information, write in 
65 on the TSP Request Card. 
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Figure 2. Flutter Margins were computed for symmetric and antisymmetric flutter modes by the II­
analysis method and by the traditional p·k method. 
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-0 Vacuum Four-Ball Tribometer for Testing Liquid Lubricants 
This is a modified version of a standard four-ball tribometer. 
Lewis Research Center, Cleveland, Ohio 

Figure 1 shows a four-ball vacuum tri­
bometer for evaluating the perfor­
mances of oils and greases as lubricants 
at room temperature. Tests can be con­
ducted in air or nitrogen at atmospher­
ic pressure, or in a vacuum. 

The configuration of the balls is 
essentially the same as that of the four­
ball tribometer of standard D-2783-88 

Flex 

of the American ociety for Te ting and 
Materials. The balls are precision bear­
ing balls of AISI 440C tainless steel 
with a diameter of 0.375 in. (9.5 mm). 
The ball and associated components 
are contained in a chamber that can be 
evacuated by a turbomolecular pump 
(140 Lis) and a mechanical backing 
pump to achieve a vacuum with a resid-

Speed Sensor 

Feedthrough 

Lubricant 
Cup 

Analyser 

'-IH"U_Ffti"", Device 
(Torque Sensor) 

ual pre ure approximately in the 
range of 10-4 to 10-6 Pa. All vacuum­
chamber flanges are of the knife-edge 
type and they are sealed by contact of 
the knife edges and copper gaskets, 
except for the chamber, which i 
equipped with a quick-access door 
sealed with an elastomeric O-ring. The 
vacuum chamber is equipped with a 

r-Stationary 
Balls 

Figure 1. The Vacuum Four-Ball Tribometer features a ball configuration like that of a standard four-ball tribometer, but the balls and lubricant cup 
are mounted in a chamber that can be evacuated. 
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Figure 2. This Wear Scar on a Ball was produced in a vacuum with a perfluoropolyether lubricant 
at a load of 600 N, a speed of 100 r/min, and a sliding distance of 366 m. 

hot-filament ionization gauge for mea­
suring pre ure, plu a mass spectrome­
ter for use as a residual-gas analyzer. 
Frictional torque is measured during 
the test, and wear patterns on the balls 
can be examined afterward. 

The rotating upper ball is mounted 
on a spindle that is connected to an 
external motor drive via a ferro£luidic 
rotary feedthrough. The lower three 
balls are held stationary in a ball holder 
(lubricant cup) mounted on a stage, 
which can be moved vertically to pre s 
the lower three balls against the upper 
ball. In preparation for a test, the ball 
are immersed in and/or covered with 
the lubricant to be te ted. During a test, 
the lower three balls are pressed upward 
against the upper ball with a controlled 
force, and the lower balls remain sta­
tionary while the upper ball is made to 
rotate around its vertical axis and thu to 
rub against the lower ball . The speed of 
rotation can be set al a value between 10 
and 500 r/min. 

The vertical force and motion are gen­
erated outside the vacuum sy tern b a 
pneumatic cylinder and tran mitted to 
the stage via a linear-motion feed­
through ealed with a welded metallic 
bellows. A load cell outside the vacuum 
chamber measure the vertical force. 
The force can be sel at a level between 
50 and 1,032 '(11 to 232Ib). 

The stage is connected to the linear­
motion feedthrough via a ~£lex pivot,» 
which is es entially a spring that is tiff 
against axial thrust, but allows some twist 
around the axis of the haft. The angular 
deflection of the stage during a test is 
proportional to the frictional torque 

NASA Tech BriefS, April 1997 

between the upper ball and the lower 
balls, characterized by a torsional spring 
stiffness of 48.6 ·m/radian (710 
ft·lb/radian). Thus, the angular deflec­
lion is sensed by use of Hall-effect 
devices and a magnet to obtain a mea­
sure of the frictional torque. An eddy­
current damper suppresses torsional 
oscillation that could distort the fric­
tional-torque measurements; this 
damper includes a yoke and magnets 
affixed to the nonrotating end of the 
flex pivot and a copper plate that is 
affixed to the rotating end and that 
intrudes into the magnetic field. 

Wear is determined by removing the 
cup from the chamber and measuring 
the diameters of wear scars (see Figure 
2) on the three stationary balls by use of 
a microscope. A tage on the micro cope 
is designed so that the diameters of the 
wear cars can be measured without 
removing the balls from the cup. If nec­
e ary, the experiment can then be 
re umed, using the arne et of balls. 

This WUT'k was done by William R jones, 
jr., Ben Ehihara, and Stephen V. Pepper of 
Lewis Research Center; Ralph jansen of 
Ohio Aero pace Institute; Masahumi Masuko 
of the Tokyo Institute of Technology; and 
Larry . Helmick of Cedarville Coll£ge. FUT' 
further injUT'mation, write in 44 on the TSP 
Request Card. 

Inquiries concerning rights fUT' the commer­
cial use of this invention should be addressed 
to ltSA Lewis Research Center, Com­
mercial Techntlltlf5)' OffICe, Attn: Tech Bmf 
Patent Status, Mail Stop 7-3, 21000 
Brookpark Rd., Cleveland, OH 44135. Refer 
to LElV-16194. 
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0-Piezoelectric Flexural-Traveling­
Wave Pumps 
Advantages would include small size, low power, and 
no sliding parts. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

In miniature pump of a propo ed 
type, flujds and gase would be con­
veyed in a nearly frictionle manner in 
multiple hallow chambers formed by 
piezoelectricall actuated flexural trav­
eling wave. The e pump could be use­
ful in uch application as (1) injecting 
controlled mall amounts of liquid 
medication and (2) sampling and vac­
uum pumping for miniature cientific 
in truments. 

A basic piezoelectric flexural-travel­
ing-wave pump, hown in the upper 
part of the figure , would include one or 
two stator plate with normally flat 

Csin rot 

urface pressed together on the in­
ide and with piezoelectric actuators 

attached on the outside. The flow path 
would be along the common contact 
urface of the plate . In the ab ence of 

piezoelectric actuation , the faying 
surface of the plates would remain 
flat and coincident with the common 
contact urface, 0 that there would 
be no gap between the plates and 
thus no flow. In other words, hut­
off would occur automatically in the 
absence of p iezoelectric actuation, 
and there would thus be no need 
for shutoff valve . 

Ccos rot 

Piezoelectric 
Actuator 

.,----11---1-

SIMPLIFIED SCHEMATIC VIEW ILLUSTRATING PRINCIPLE OF OPERATION 

Section A·A Section B-B 

A PRACTICAL DESIGN WITH STACKED PIEZOELECTRIC ACTUATORS 

Synchronized Flexural Traveling Waves on the stator plates would form chambers that would 
convey fluid, effecting a pumping action reminiscent of peristalsis. 
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When suitably polarized and phased 
sinusoidal voltages are applied to the 
piezoelectric actuators, traveling flexur­
al waves would be excited on the faying 
surfaces of the stator plates. The waves 
on both plates would be synchronized; 
this would cause the formation of shal­
low chambers sealed by contact between 
the stator plates at the crests of the 
waves. These chambers would capture 
small volumes of fluid and carry them 
along as the waves propagated along the 
plates from one end to the other. It 
would be desirable to drive the piezo­
electric actuators at the frequency of 
resonance of the desired flexural-wave 
mode; doing so would maximize the 
wave amplitude, thus maximizing the 
depth of the wave-induced chambers 
and, in turn, maximize the volumetric 
pumping rate. 

It would also be desirable to optimize 
the configuration of the piezoelectric 
actuators to maximize the wave ampli­
tude. A practical design, illustrated in 
the lower part of the figure, would 
involve stacked piezoelectric actuators. 
In a typical case, chamber depths up to 
about 10 }lID could be achieved. The 
pumping rate could be enhanced signif­
icantly by further optimization of 
design, including the choice of driving 
frequency (typically between 10 and 80 
kHz) in conjunction with the other 
parameters. 

In addition to eliminating the need 
for valves, these pumps would offer the 
following advantages over other minia­
ture pumps that are scaled-down ver­
sions of larger conventional pumps: 

• Compactness; 
• Low mass; 
• Low power consumption; 
• 0 sliding parts, with resultanl low 

wear and high reliability; 
• Simplicity of construction; 
• Quiet operation. 
This work was done by Yoseph Bar-Cohen, 

Benjamin joffe, and Shyh-Shiuh Lih of 
Caltech for NASA's J e t Propulsion 
Laboratory. For furth.er inJonnation, write 
in 85 on the TSP Request Card. 

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

Larry Gilbert, Director 
Technology Trans]er 
California Institute of Technology 
Mail Code 315 - 6 
Pasadena, CA 91125 
(818) 395-3288 
Refer to NPO-19737, volume and num­

ber of this ASA Tech Briefs issue, and the 
page number. 
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e Simpler Combustion Chamber, Nozzle, and Fabrication Process 
An ablative insert would protect against excessive temperatures. 

Marshall Space Flight Center; Alabama 

A simplified de ign for the combus­
tion chamber and nozzle of a rocket 
engine has been propo ed to reduce 
the time and cost of fabrication . A con­
ventional combustion-chamber/ nozzle 
assembly of the type to be replaced 
operates with active cooling; for this 
purpose, it must contain integral cool­
ing passages fed by manifolds. The fab­
rication of such a complex object in one 
integral piece involves processing of 
numerous piece parts through numer­
ous steps of machining, plating, weld­
ing, and brazing, leading to long fabri­
cation time and high cost. The pro­
posed combustion-chamber/ nozzle as­
sembly would not be actively cooled, so 
that there would be no need for cooling 
passages, and fabrication would be sim­
plified and accelerated accordingly. 

Flange 
/ 

The propo ed combustion chamber 
and nozzle (see figure) would include a 
shell of refractory metal (e.g. , a niobi­
um-based alloy) . An integral flange 
would be formed at the upper end of 
the hell. To provide some thermal pro­
tection and a barrier against oxidation, 
the inner surface of the shell would be 
coated with aluminum oxide or other 
suitable material. In the combustion­
chamber region, the shell would be fur­
ther lined with an ablative silica pheno­
lic insert. During operation, resins 
would boil off from the phenolic, leav­
ing behind a char layer that would, 
along with an remaining phenolic, pro­
tect the refractory-metal shell against 
overheating. The thicknes of the insert 
would be chosen so that the char would 
not penetrate too deeply during the 

Silica Phenolic Insert 

design operating life. Inasmuch as the 
operating temperature would decrease 
toward the exit (lower) end of the noz­
zle, the thickness of the insert would be 
made to taper down to the point where 
the coated refractory metal could sur­
vive without further protection. 

The shell would be fabricated by vac­
uum plasma spraying (VPS) on a graph­
ite mandrel. Optionally one could 
first apply the aluminum oxide or 
other thermal! oxidation-barrier layer 
to the mandrel by either a traditional 
coating technique or VPS. If this 
option were selected, then VPS would 
be started - initially with the ther­
mal/ oxidation-barrier material, then 
making a gradual transition to the 
refractory alloy, then continuing wi th 
the alloy to obtain the required thick-

Extra Refractory Metal From 
Which Flange Is To Be Machined 

n>':1----l>"!fI--Graphite Mandrell 

;efractOry Metal Shell 

COMBUSTION CHAMBER AND NOZZLE REFRACTORY METAL SHELL DEPOSITED 
ON GRAPHITE MANDREL 

The Combustion Chamber and Nozzle would be made in only two pieces: a refractory metal shell with a silica phenolic insert bonded inside. 
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ness. The other option would be to de­
posit only the alloy by VPS, then coat the 
inner surface of the shell with a silicide 
after completion of deposition and re­
moval of the shell from the mandrel. 
The alloy would be deposited to extra 
thickness at the upper end; the thick­
ened upper end would then be machined 
to make the flange. Because of a large dif­
ference between the coefficients of ther-

mal expansion of graphite and the re­
fractory alloy, the shell could be easily 
removed from the mandrel once it had 
cooled from the VPS temperature. 

The ablative insert would be made 
from silica phenolic tape wrapped on a 
steel mandrel, which would be config­
ured to obtain approximately the con­
tour of the interior of the combustion 
chamber. While still on the mandrel, 

the wrapped tape would be cured, then 
machined to make an insert to match 
precisely the contour of the combus­
tion chamber. The insert would then be 
removed from the mandrel and bond­
ed into the combustion chamber. 

This work was done by Charles S. Gmze.. 
tius and W Neill Myers of Marshall Space 
Flight Center. For further infonnation, write 
in 58 on the TSP Request Card. MFS-31148 

! VPS Fabrication of Ceramic/Metal Furnace Cartridges 
Ceramic and metal contents are graded to obtain desired properties. 
Marshall Space Flight Center, Alabama 

A vacuum plasma spray (VPS) 
process has been developed for making 
thin-walled ceramic/refractory metal 
composite furnace cartridges. These 
cartridges are used to contain and heat 
quartz ampoules that contain semicon­
ductor materials for processing. The 
cartridges are required to resist chemi­
cal attack by the molten semiconduc­
tors in order to provide secondary con­
tainment should the quartz ampoules 
leak. The use of ceramic/refractory 
metal composites for this application 

makes it possible to utilize the corro­
sion resistance of the ceramics and the 
ductility and loughness of the metals, 
yielding robust cartridges that can 
withstand high temperatures and the 
stresses of fabrication and service. 

In this process, a furnace cartridge 
is formed by VPS on a net-size-and­
shape graphite mandrel, to which the 
deposited ceramic/metal composite 
material does not adhere. Upon cool­
ing to ambient temperature after VPS, 
the mandrel shrinks at a greater rate 

7 ............ 11111 ...... ----
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than the deposited material due to its 
higher thermal coefficient of expan­
sion, so that the deposit becomes the 
desired free-standing tube and can be 
slipped off the mandrel. Mandrels of 
this type were described in "Remov­
able Mandrels for Vacuum-Plasma­
Spray Forming" (MFS-30005), NASA 
Tech Briefs, Vol. 19, No.5 (May 1995), 
page 82. 

10 this VPS process (see figure), re­
fractory-metal and ceramic powders 
are injected into a gun that generates 
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a plasma flame by ionization of gases in 
a dc arc. The plasma flame melts the 
powders and accelerate the molten 
material, depo iting them on the man­
drel. The process include the use of a 
controlled-powder-feeding technique 
that enable the formation of a depo it 
with a gradient of ceramic/ metal com­
position to obtain a desired combina­
tion of thermal, mechanical, and chemi­
cal properties. For example, one experi­
mental tube comprised an inner layer of 
ceramic, followed by a transition layer 
of half metal/ half ceramic, followed by 
a layer of metal, followed by another 
metal/ ceramic transition layer, followed 
by an outer ceramic layer. 

The process also involves robotic ma­
nipulation of the VPS gun and the 
graphite mandrel; thi makes it po sible 
to complete the deposition of an entire 
furnace cartridge tube in one operation. 

Ceramic Powder 
(SiC, Si02• zr02• Si3N4, BN, or A120 3) 

• 

Typically, as the VPS gun and mandrel 
are manipulated, the VP gun i kept 
aimed perpendicularl to the urface of 
the mandrel to obtain the greate t den­
sity of deposition. Before deposition, 
the mandrel i preheated by operating 
the gun without the powder feed. 
Before and during depo ition, the 10 s 
of heat from the mandrel is minimized 
by use of metal reflectors to reflect ther­
mal radiation back into the mandrel. 

This work was done by Phillip D. Krotz, 
Douglas M. Todd, William M. Davis, 
Timothy N. McKechnie, Christopher A. 
Power, William H. Woodford, and Yoon K 
Liaw of Rockwell International Corpora­
tion and Richard R. Holmes, Frank R 
Zimmerman, and Richard M. Poorman far 
Marshall Space Flight Center. Far further 
informatwn, write in 26 on the TSP Request 
Card. MFS-29998 

Refractory-Metal Powder 
(Mo, W, Re, Ta, MoRe, WRe, or Nb) 

• 
---Powder Feeders---

Plasma Flame 

Deposit Shown With = Ceramic Layers 0.002 in. Thick 

Exaggerated Thickness = Metal/Ceramic Transition Layers 
To Show Gradient of ( 0.002 In. Thick 
~ Composition I~ \ = Metal Layer 0.19 in. Thick 

{ 

~ ... ~-: 
Ceramic and Refractory-Metaf Powders are injected into the plasma flame in variable propor­
tions to deposit a graded-composition ceramic/metal composite on the mandrel. 
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, Multivariable State-Space Identification in Various Operators 
Operators can include z, 8, and s. 
NASA s Jet Propulsion Laboratory, Pasadena, California 

An algorithm for estimating the para­
meters of state~pace mathematical mod­
els of systems with complex dynamics. 
multiple inputs. and multiple outputs 
has been developed. For example, the 
system to be modeled may be a complex. 
flexib le structure instrumented with 

actuators and sensors; the data needed 
for modeling are obtained by exciting 
the structure at each of several different 
actuator locations (multiple inputs) and 
measuring the responses at several sen­
sor locations (multiple outputs). The 
present algorithm is an extended version 
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of the State Space from Frequency Data 
(SSFD) algorithm, which was developed 
for use in modeling such systems. The 
present algorithm provides for modeling 
in any operator of interest and is partic­
ularly suitable for the shift operator (the 
variable z of the z-transform), the delta 
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These Frequency-Domain Transfer Functions for 4 inputs and 3 outputs illustrate the ability of the extended SSFD algorithm to estimate the parameters 
of a mathematical model of complex dynamics. 
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operator [8:; (z-l) / 71. (where Tithe 
sampling period) or the Laplace-tran 
form complex-frequency operator (s) . 

State- pace models are needed for 
de igning control system for dynamic 

terns; e.g., control s} terns to uppre 
vibrations in structures. It has been found 
that realization algorithm based on 
Markov parameters can help olve this 
state- pace tern-identification problem. 
In the past, the e algorithms were devel­
oped primarily in the time domain. 
However, in many application , the avail­
able data are in the frequency domain 0 

that one must compute the Markov para­
meters from frequency-domain data. At 
this point. windowing distortions are 
often introduced. For example. an 
inverse discrete Fourier transform of the 
frequency data provides an estimate of 
the Markov parameter sequence distort­
ed by time-aliasing effects. 

The SSFD algorithm is compri ed of a 
sequence of steps involving complex 
curve fitting, sparse-matrix singular-value 
decomposition. and balanced realization 
based on Hankel singular values. The 
SSFD algorithm estimates state-space 
models for systems with complex (high­
order) dynamics, multiple inputs, multi­
ple outputs, and large numbers of 
unknown parameters, and is not subject 
to windowing distortions. The basic idea is 

to generate Markov parameters indirectly 
from a transfer function that has been 
curve-fitted to frequency-domain data. 

An important aspect of the FD algo­
rithm is its use of overparameterization. It 
has been proven that the extra dynamics 
introduced b overparameterizing in the 
shift operator are stable. while the extra 
dynamics introduced by overparameteriz­
ing in the Laplace-transform complex-fre­
quency and delta operators are generical­
ly unstable. This leads to modification of 
the Laplace and delta operators to en ure 
tability under overparameterization. 

The extended version of the S FD 
algorithm has been verified by use of data 
from 4-input/ 3-0utput vibration experi­
ments on the JPL Advanced Recon­
figurable Control Testbed - a towerlike 
flexible-truss structure with vibration sen-
ors and actuators. The algorithm per­

formed complex curve fitting on the 
input and output data and estimated 780 
parameters in the fitted transfer func­
tions (see figure). Markov parameters 
were estimated from the transfer func­
tions, leading to a reduced multivariable 
state-space model with 100 states accurate 
over a frequency range of 100 Hz. 

This wurk was done Uy David S. Bayard of 
Caltech for NASA's Jet Propulsion 
Laboratory. For further information, write in 
31 on the TSP Request Carr1. NPO-19168 

tjParallel Multigrid Algorithms and Code 
for Computations of Incompressible Flows 
These algorithms are suitable for simulations of complex 
incompressible flows; the parallel code scales well on 
massively parallel processors. 

NASA s Jet Propulsion Laboratory, Pasadena, California 

A parallel numerical algorithm for solv­
ing incompressible avier-Stokes equa­
tions on two-dimensional (2D) and three­
dimensional (3D) finite-difference grids 
and a parallel multigrid algorithm for 
olving general elliptic partial differential 

Computational Field (e.g., Flow Field) 
,.--"----, 

/ / / 
/ / / 

/ / / II 
VV 

it' 
lI)l 

~II' 
'I 

equations (PDEs) have been developed, 
implemented, and tested. umerical 
experiments show that the algorithms are 
physically robust, numerically stable, and 
computationally efficient. The parallel 
solver package developed is highly modu-

Processor 

The 3D Global Computational Grid (left) is partitioned into a set of rectangular subgrids. Each sub­
grid is assigned to a processor in a 3D processor array (right). 
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lar; it can either be used as a srand-alone 
flow solver or be used as a template that 
can be modified or extended to solving a 
variel)' of ph ics and engineering flow 
problems; the elliptic kernel in the solver 
package can be used to solve elliptic 
equations on vertex-<:entered, cell-cen­
tered, and staggered grids. 

The numerical avier-Stokes algo-
rithm used here is a second-order projec­
tion method applied to a staggered grid. 
Projection method is a type of operator­
splitting method in which one solves the 
differential equations of the pressure and 
the velocil)' fields eparately in an itera­
tive procedure. At each time step, the 
momentum equations are solved first for 
an intermediate velocil)' field without the 
knowledge of the correct pressure field, 
and therefore no incompressibilil)' con­
dition is enforced. The intermediate 
velocil)' field is then corrected in a "pro­
jection" step in which one solves a pres­
sure equation with properly derived 
boundary conditions and then uses the 
computed pressure to produce a diver­
gence-free velocil)' field. The computa­
tion kernel used for computing interme­
diate velocil)' and pressure fields is a par­
allel multigrid solver based on "V-cycle" 
and "full-V-cycle" schemes. Multigrid 
scheme are a class of highly efficient iter­
ative algorithms in which a set of hierar­
chical fine and coarse computational 
grids is used to compute a solution on 
the fine t computational grid, a detailed 
description of which lies beyond the 
cope of this article. Briefly, V-cycle 

scheme performs solution relaxation, 
residual restriction, and solution correc­
tion in a recursive fashion on fine and 
coarse grids, while full-V-cycle scheme is a 
generalization to the V-cycle scheme with 
a higher convergence rate. These multi­
grid schemes are optimal in solving ellip­
tic problems in that the numerical solu­
tion can be obtained in a time propor­
tional to the number of unknowns on the 
finest computational grid 

The overall approach for the parallel 
implementation is a domain-<lecompo i­
tion strategy in which the computational 
(finest) grid is partitioned into multiple 
rectangular subgrids, each subgrid and 
its derived coarse grids being assigned to 
a proce or in a logically rectangular 
processor array (see figure). Values at 
grid points lying on "partition boundary 
layers" (the thicknesses of which are usu­
ally dictated by the pecific numerical 
chemes used) are exchanged among 

neighboring processors in the form of 
"message" to ensure a correct imple­
mentation of the corresponding sequen­
tial numerical algorithms on the global 
computational grid. To deal with coarse 
grid processing in multigrid schemes, a 
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set of (logically) hierarchical coarse 
processor arrays are constructed in a 
preprocessing step of the code. 

The 2D and 3D parallel solver codes 
can readily be scaled to a large number of 
processors on the Intel Paragon and Cray 
T3D parallel processors for problems with 
moderate granuJaril)'. Several message­
passing protocols (MPI, PVM, and Intel 
NX) have been coded into the solver 
package to make the code portable to sys­
tems that support one or more of these 
protocols for interprocessor communica­
tions. The flow solver was tested for both 
numeral and parallel performances on a 
few model problems. Numerical experi-

HITACHI 

ments include a driven-cavity flow at 
Reynolds numbers of 5,000, Hi', and 106

, 

and a doubly-periodic inviscickhear flow. 
Parallel performances were measured, on 
a JPL 250-node Cray T3D system and a 
Caltech 512-node Intel Paragon system, 
in terms of speed-up in which the code 
was run on a different num her of proces­
sors for a fixed global grid size, and scal­
ing in which the code was run on a dif­
ferent number of processors for a fixed 
local subgrid size in each processor. 

This work was done by John Z. f..qu of 
Caltech for NASA's Jet Propulsion 
Laboratory. For further infOTTTUltion, write 
inSl on the TSP Request Card. ~19593 

Hitachi Denshi, Ltd. 
Hitachi Denshi America, Ltd. 

• Adana nD-242-3636 • Dallas 817-488-4528 • New York 516-92 1·7200 
• Chicago 630-250·8050 • LosAngeles 310·328-6116 • Canada 416-299-5900 
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8 Advanced Semicontainerless Crysta])jzation of Proteins 
Crystals are formed suspended in liquids. 
Marshall Space Flight Center, Alabama 

Advanced method for the emicon­
tainerless growth of protein crystals are 
undergoing development. Each method 
involve dynamic manipulation, to vari­
ous degrees, of one or more of the many 
parameters and conditions that affect 
the rates of growth, the quantities, and 
the types and degrees of imperfection of 
the crystals. These parameters and con­
ditions include geometry, temperature, 
humidity, alinity, pH, concentrations of 
proteins in solutions, and concentra­
tions of such other substances as sol­
vents and precipitating agents. 

"Semicontainerle s," as used here, sig­
nifies that the crystals are not formed in 
contact with solid supports; instead, the 
crystals are made to grow suspended in 
liquids. The basic idea is to isolate each 
growing crystal from the adverse effects 
that would otherwi e be exerted on its 
crystalline structure by a solid surface 
and by other, differently oriented grow­
ing crystals that would form on that sur­
face. Of course, a liquid suspension envi­
ronment can also affect a growing crys­
talline structure adversely, but the devel­
opment of semicontainerless growth is 
motivated by the expectation that in 
many if not most cases, one could obtain 
crystals that are larger and more nearly 
perfect than are those grown by older 
techniques on solid supports. 

One older method for semicontainer­
less growth of protein crystals is the 
hanging-drop method, which has been 
described previously in NASA Tech Briefs. 

More recently, four advanced methods 
have been investigated. The e methods 
involve (l) stacking oflayers of immi ci­
ble fluids, (2) gels under oil, (3) emul-
ions, and (4) lattices of bubble. 

In the layer- tacking method, one 
uses three or more immi cible fluids of 
different mass den ities. In the implest 
version of this method, a drop of an 
aqueous olution that contains the pro­
tein to be crystallized is placed on top of 
a denser liquid (e.g., perfiuorodecalin) , 
and an oil or other less dense liquid is 
placed on top (see figure). Together, 
the bottom and top layers suspend the 
protein solution in isolation from solid 
supports, and the top layer retards evap­
oration from the protein solution, as is 
nece sary to ensure crystal growth at the 
optimum rate. 

In the gel-under-oil method, the pro­
tein solution is contained within a gel, 
which is covered with an oil to retard 
evaporation. Growth takes place in the 
gel, which is used to prevent both und~ 
sired buoyant mixing (convection) of the 
protein solution and undesired sedimen­
tation of crystals through the solution. 

The present emulsion method differs 
from an older emulsion method that 
involved crystallization of protein in isolat­
ed drops, followed by coalescence of the 
growing crystals. In the present emulsion 
method, the protein solution is the con­
tinuous phase, and growth takes place as 
though in a loose gel; the discontinuous 
emulsified phases cushion growing crys-

8 Ring Method for Crystallization of Proteins 
Rings provide additional control over crystallization conditions. 
Marshall Space Flight Center, Alabama 

The ring method of crystallization of 
proteins involves the use of wire rings to 
shape drop of protein solutions and/or 
position those drops with respect to adja­
cent and surrounding liquids. The ring 
method can serve as an alternative to the 
methods described in the preceding arti­
cle "Advanced Semicontainerless Crystal-

74 

lization of Proteins" (MFS-31046). Rings 
can be added to protein-crystal-growth 
apparatuses along with position ensors, 
position actuators, and position-control 
circuitry to provide additional degrees of 
freedom for control of crystallization con­
ditions and thereby afford additional 
opportunities to optimize crystallization 

www.nasalech.com 

Aqueous 
Protein 
Solution 

Growing 
Protein 
Crystals 

The layer-Stacking Method is one of four ad­
vanced methods of semicontainerless growth of 
protein crystals. The crystals precipitate from the 
protein solution as water evaporates, driving the 
solution to supersaturation. The oil layer retards 
evaporation to a required low rate. 

tals against sedimentation and suppress 
convection. 

In the bubbl~lattice method, bubbles 
are formed by blowing air through a pro­
tein solution, then the bubbles are formed 
into a nearly two-dimensional lattice 
between two microscope slides. Crystals 
grow on the faces of the bubbles as evap­
oration into the interiors of the bubbles 
drives the faces of the bubbles toward 
supersaturation, while capillarity supplies 
the growing crystals with more protein. 

This work was done by David A. Noever 
of Marshall Space Flight Center. F01" fur­
ther infurmation, write in 28 on the TSP 
Request Card. 

Inquiries concerning rights f01" the commer­
cial use of this invention should be addressed 
to the Patent Counse~ Marshall Space Flight 
Center; (205) 544-0021. Refer to MFS-31046. 

proce ses to obtain larger, higher-<juality 
protein crystals for use in biomedical and 
pharmaceutical research. 

Four versions of the ring method have 
been tested thus far in experiments on 
growing crystals of hen egg-white lyso­
zyme. In the first version, a drop of pro­
tein olution rests on an appropriately 
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sized single ring in air, so that water can 

evaporate through the nearly sphe~cal . CrystaUizing Proteins in Thin Wafers 
surface of the drop. The evaporaoon 
increases the concentration of the pro- Crystals are grown in thin gaps between parallel flat plates. 
tein, eventually resulting in supersarura­
tion and crystallization of protein. The 
drop can be monitored visually to 
observe the crystal(s) forming within it. 

In the second version, a drop of protein 
solution is held between two rings (see fig­
ure) in air or in oil. The axial distance 
between the rings can be increased or 
decreased to lengthen or flatten the drop. 

In the third version, a drop of protein 
rests on a single ring in a container of oil. 
The ring can be raised or lowered to con­
trol the position of the drop with respect 
to the top surface of the oil. Typically, the 
heigh t is set so that the drop protrude by 
a small, controlled amount, providing a 
small, controlled area for evaporation of 
water from the drop. 

In the fourth version, as in the third 
version, a drop of protein solution rests 
on a single ring in a container, but in this 
case, the drop is positioned at an inte!'­
face between two liquids that include sol­
vents that are immiscible with each other 
and with the water of the aqueous pro­
tein solution. TIle e liquids can be cho­
sen, for example, to contain solutes (e.g., 
salts and precipitating agents) that are to 
be transported to the protein solution. 

Other versions of the method have 
been proposed. For example, rings could 
be made in noncircular shapes to obtain 
different evaporative conditions. Alter­
nately, combinations of three or more 
rings could be used to suspend multiple 
adjacent drops and to control flows of 
solutes among drops by exploiting such 
effects as surface tension and gradients of 
salinity. 

This work was done fly David A. Noever 
of Marshall Space Flight Center. For fur­
ther infonnation, write in 29 on the TSP 
Request Card. 

Inquiries concerning rights for lhe commer­
cial use of this invention should be addressed 
to the Patent Counse~ Marshall Space Flight 
Center; (205)544-0021. RefertoMFS-31047. 

Wire 
Rings 

Drop of 
Aqueous 
Protein 
Solution 

The Rings Can Be Used to Flatten or lengthen 
the drop of protein solution, andlorto make the 
drop protrude partly above the top of the oil. 
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Marshall Space Flight Center, Alabama 

An experiment has demonstrated the 
feasibility of a method of crystallizing 
proteins in thin, nearly two-dimension­
al wafers. The method exploits a com­
bination of capillary action and diffu­
sion within a growth chamber or well 
bounded by two smooth, cIo ely spaced, 
parallel plates. The ability to produce 
thin. nearly two-dimen ional crystalline 

protein ,vafer raises the possibility of 
novel applications in optoelectronics 
and electron microscopy in biomolecu­
lar systems. 

The method (see figure) is best 
explained by describing the experi­
ment, in which tetragonal crystals of 
lysozyme were grown from an aqueous 
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Three workshops are Canadian D.O.T. approved. For a free 
brochure, call toll-free: 1-800-638-8441 ; Fax: 702-827-

6599; http://www.abaris.com. Abaris Training Resources, 

Inc., 5401 Longley Lane, Suite 49, Reno, NY 89511. 

Abaris Training Resources, Inc. 
For More Information Write In No. 342 

FREE HIQ 
EVALUATION 
SOFTWARE 
National Instruments offers HiQ® 

for Windows, featuring ActiveMath 1M and visualization 

tools for Microsoft Office. HiQ on Windows NT or 
Windows 95 uses Active)(Th' (OLE) for integration with 

Microsoft Office and Microsoft's OpenGL 3D graphics 

library, making advanced technical calculation, dara visual­
ization. and documentation solutions more cost·effective 
and simpler for technical professionals. Call for your FREE 

HiQ evaluation software. National lns<ruments, 6504 

Bridge Point Pkwy., Austin, TX 78730; Tel: 512-794-0100 
or 800-433-3488; Fax: 512-794-8411; E-mail : 
info@narins[.com; http://www.natinst.com. 

National Instruments 

For More Information Write In No. 345 

AIR MOVERS 
Air Amplifiers convey, vent, 
exhaust, cool, dry, and clean -

with no moving parts. Using 

a small amount of compressed 
air as a power source, Air 
Amplifiers move large vol­
umes of surrounding air to 

lIIIOCI'lI ...... iIlCMngpWIJ produce high-velocity outlet 
flows. Air amplifiers are com­

pact, durable, porcablc, and maintenance· free. 
Applications include small parrs conveying; venting 
fumes ; and cleaning, drying, or cooling parts. EXAlR 

Corporation, 1250 Century Circle orth, Cincinnati, 

OH 45246; Tel: 800-903-9247; Fax: 513-671-3363; E­
mail: techelp@exair.com; http://www.exair.com. 

EXAIR Corporation 
For More Information Write In No. 348 
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NEW BRUSH­
LESS DC 
MOTORS 
CATALOG 

&ame brushless DC motol'S in 
sizes 05 to 21. Available for a 
V2riety of applicarions, includ­

ing indusuial. oommercial. medical .nd .erospacc, these 
motor.; f .. cure unique thr .. ded bodies to acc:cpt gear­
h .. ds and/or flanges. These moto ... ore equipped with 
H.all-dfea senso ... and art capable 0£75.ooo+ RPM. API 
Horowe Inc.. 1 10 Westtown Rd .• W.n CheS(<r. PA 
19382; Tel: 800-566-5274 or 610-692-2700; Fax: 610-
696-4598. 

API Harowe Inc. 
For More Informacion Write In N o. 349 

METAL BELTS 
AND DRIVE 
TAPES 
This general product brochur. 
describes the various attributeS 
that mak. m<cal belts and 
drive tapes an exceptional and 
exciting option for design 
.nginee .... Manufactured by 
Belt Technologies for 25 years. 

this unique family of products Iw helped design engin<e" 
overcome challenging application requiremenl'S in the elec­
a oIDcs. aerospac •• biomedical. optical and packaging 
industries. Belt Technologies. Inc.. PO Box 468. Agawam. 
MA 01001; Ttl: 413-786-9922; Far. 413-789-2786. 

Belt Technologies, Inc. 
For More Information Write In No. 352 

ALGOR 
PROVIDES "4-
WAY" INFO ON 
THE WORLD 
WIDE WEB 

Algor's Internet place has detailed information on four 
product lines. Disrover Houdini. A1gors au<omatic CAD 
solid modtl to 8-node "brick" mesh ronverter. Learn about 
Algor FEA. including case histories. Preview engineering 
videos. books and multimedia. S<e all new in<q:rated pip­
inglvesse1lplanr design sofrwore. If you do not have Internet 
access. call for free info. Algor. Inc.; E-mail: 
info@algor.com; URL: hrrp:llwww.algor.com; Tel: 412-
967-2700; Far. 412-%7-2781. 

Algor, Inc. 

For More Information Write In N o. 355 
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WORKBENCHES 
& SYSTEMS CD­
ROM CATALOG 
This Interactive multimedia 
prc:sc:nrarion covers Tcch..bt

$ 

complete line of worlrhenches and Jabora<ory systems fur­
niture. Designed for Windows TM. the CD-ROM presen­
mnon fearures hundreds of benches. including romplete 
product specifications. Meeting the Ch.allenge, Teclab's 
introductory video presentation. highligh ... unique fea­
rute< and benefits of a Tedab bench. You select wh .. you 
want tD see by simply clicking on the icons that interest 
you. Tedab. 6450 V.alley Industrial Drive. Kalamazoo. 
MI 49009; Tel: 800-832-5227; Fax: 616-372-6116; 
http://www.ted.ab-bench.com 

Teclab 
For More Information Write In No. 358 
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BURST 
PRESSURE 
TESTER 
Advanced Pressure ProductS 
has drveIoped a fully auto­
mated com pUler conrrolled 

bum pressure testing system. The system is designed to 
determine the exact pressure of f.UJures at conttolled pres­
surizing rates. 
• Test accuracy up tD .05% offull scale 
• Leak or bum pressure resolution within .01% of full scale 
• Testing pressure designated by op<r3tor up to 60.000 
PSI for hydrauU.c systems or 5.000 PSI for pneumatic sys­
tems. Advanced P= ProductS. 83 Brown Rd .• Ithaca. 
NY 14850; Tel: 800-2n-8258; http://www.pnuapp.rom. 

Advanced Pressure Products 
For More Informacion Write In N o. 350 

MASS FLOW 
APPLICATIONS 
HANDBOOK 
VOL II 
VOL 11 of .all-new applica­
tions handbook from ABB 
K-Flow graphically illus­
traces a wide variety of cori· 
olis flow process configura­
tions with ABB K-Flow 
Aowmetet sys[= appropri­

ate for each application. Updated applications involving 
Mass (Liquid. CNG. Multi-componenr). Density (SG. 
API. Br",-). % Solids. % Liquids. PIO. Ratio Blending. 
Ba[ching. Proportioning. and othe ... are included. 

ABB K-Flow 
For More Information Write In No. 353 

NEW INTERAC­
TIVECD-ROM 
BASED ON 
ENGINEERING 
"BEST-SELLER" 

A comprehensive FEA CD-ROMltextbook thar blends 
theory & real-world engineering examples. Dr. 
Constantine Spyrakos. well-known finite elemenr Stress 
and vibration analysis expert. has created a reference for 
all engineers from designers ro "gurus." CD-ROM 
includes search capabilities. Internet-type browser & 3D, 
full-color graphics. Hord- and sofr-cover books include 
every example problem on disk. APD; Tel: 800-482-
5467; URL: hrrp:llwww.algor.com/apd; E-mail: 
apd@algor.com. 

APD 
For More Information Write In N o. 356 

Hiram Jones EIecrron­
ics. Inc./A Division of 
the Seosrrom Hardware 
Group manufacrures a 
complete line of sc.n­
dard miniature and sub­
mini:ature [erminals 
including: insulared test 
jacks. assembled stand­
offs and press-rypc: ter­
rninals. All standard cat­

alog items ore amiable 
for immediate pricing 

and delivery. Call roday for your free 27-page catalog: 
800-634-2356. 

Hiram Jones Electronics, Inc. 

For More Information Write In No. 359 
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POROSITY 
TESTER 

I 

I 

',_ ,.,...,t~ ~ 1 ~-7 - -'~ff PM!'. Aquaporc 2000A 
I .. ds the indus<ry in pore 
analysis of hydropbobic 
materials. By using w .. er as 

rhe non-wetting fluid. the 2000A is designed to avoid 
problems associated with mercury in laboratory environ­
ments. The WtndoWS®-based software can produce hard 
copy repores and interface with spr .. dsh<et programs. 
The user-friendly software allows roncrol. meosuremenr. 
and data collection at the click of a mouse. Pure liquid 
(warer or industrial alrohol) is used with precise pressure 
control. NO MERCURY REQUIRED! Porous 
Macerials. Inc.. 83 Brown Rd .• Ithaca. NY 14850; Tel: 
800-825-5764; http://www.pmiapp.com. 

Porous Materials, Inc. 
For More Information Write In No. 35 1 

PRESSURE GAUGE 
CALIBRATION 
SYSTEM 
APP inrroduces the Complete 

Pressure Gauge Calibration System (CPGCS). The 
CPGCS provides the solunon [0 • wide variety of pressure 
gauge testing and calibration needs. The system includes a 
precision pressure conrroller with a high-accuracy masrer 
pressw:e gauge. • manifold ror easy connection of rest pressw:e 
gauges (slave gauges) and a fully aurom .. ed data acquisition 
sysrem. Controlled by Windows®-based sofrwore, rhe sys­
tem also provides Bexi.ble rest: and graphics OUrpUL The cal­
ibration process can be performed automatically or manual­
ly. Advanced Pressure Products. 83 Brown Rd., Ithaca, NY 
14850; Ttl: 800-2n-8258; hrrp:llwww.pmiapp.rom. 

Advanced Pressure Products 
For More Informacion Write In No. 354 

NEW KIND OF 
MULTIMEDIA 
VIDEO 
TEACHESFEA 
LESSONS 

FinitL Elnnmr Analysis in Attwn! is a new kind of instruc­
tional video for engin<er>. Available on VHS rape or inter­
active, multimedia CD-ROM. the video packs a lot of 
informacion into a sholt running time of only 26 minures. 
Live lab experiments and PEA analysis are conducted to 
show how to bener use any FEA software. Demonscrares 
specific modeling and analysis techniques. Tel: 1-800-
482-5467; URL: hup:llwww.algor.com/apd.htm; 
E-mail; apd@algor.rom. 

APD 

For More Information Write In No. 357 

STEP & SERVO 
MOTOR CATALOG 
Compwnotocs 408-page caralog C1:ft/­

• ... morion control products. The 
Engin=ing Reference section covt:rs 

moror. drive & r..dbacIc: technologies 
'--__ ..!!!!_---' with illUStrated examples. how-to sec­
cion. and glossary of terminology. Second section COY'" 
Brushless Servo motors, amplifiers, rontroIs, and suppon 
software. Third s<Ction features Microscepping. 
Ministepping & Linear Srep MOlOr sysrems, indexers & 
mcodets. Also, sofrwore to assist in the start-up and opera­
tion. Jl.uker Hannifin Corp .. Compumotor Div.; Tel 800-
358-9070; Far. 800-321h'1087. 

Parker Hannifin Corp., 
Compumotor Div. 

For More Information Write In No. 360 
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BERG PRECISION 
MECHANICAL 
COMPONENTS 
CATALOG 
The B97 Caralog has 616 pages of 
specs and design data for over 

60,000 pl<Cision mechanical compo­

nents available from an extensive 
stock and custom manuf.tcnuing. Included are over 50 

pages of new products and expanded lines: chains, bdr 

drives, gear>, assemblies, breadboards, linear components, 
hardware, fasteners, couplings, keys, shafts, clutches, hear­
ings, and vibration damping components. W.M. Berg. loc., 

499 Ocean Ave., East Rockaway, NY 11518; Tel: 800-232-

BERG; Fax: 800-455-BERG; http://www.wmbetg.com. 

W.M. Berg, Inc. 
For More Information Write In No. 361 

WORLD OF 
CLAMPING 
The World of Clamping intro­
duces DE-STA-CO's new line 

of high-strength composite 

clamps, derails their remaining 
line of approximately 500 tog­

gle clam ps, and features 
expanded dimensional and 

application information. DE-STA-CO's toggle clamp line 

includes hold-down, latch, straight-line. and squeeze­

action clamps. This catalog also contains DE-STA-CO's 
pneumatic and hydraulic clamping systems. (Catalog 

197) DE-STA-CO, PO Box 2800, Troy. MI 48007; 810-

594-5600; hrrp:/Iwww.destaco.com; E-mail: cust.srv 
@destaco.com. 

DE-STA-CO 
For More Information Write In No. 364 

MAGNAPLATE­
APPLIED TUFRAM® 
COATINGS PROTECT 
ALUMINUM 
TUFRAM® surface-enhancement 

coatings protect aluminum and alu­
minum alloys against corrosion, 

abrasion, mo isture. and wear. They create harder-man­
steel, permanendy dry-lubricated, non-stick surfaces that 
dramatically improve wear life, prevent chemical attack, 

and exhibit excellent rdease properties. Many meet 

USDA/FDA codes. General Magnaplate Corp .• 1331 

Rre. I. Linden. NJ 07036; Tel: 800-852-3301; Fax: 908-
862-6110; E-mail: info@magnaplare.com; http:// 

www.magnaplare.com. 

General Magnaplate Corp. 
For More Information Write In No. 367 

POWDER 
METALLURGY 
DESIGN 
SOLUTIONS 
This 20-page brochure. pub­
lished by the Powder 
Metallurgy industry trade 

association, is yows free for 
the aslcing. lr features COst­

effective design solutions 

and new way> to handle parts &brication. Meral Powder 

Industries Federation, 105 College Road East, Princeron, 

NJ 08540; Tel: 609-452-7700; Fax: 609-987-8523; 

hrrp:llwww.mpif.org. 

Metal Powder Industries 
Federation 

For More Information Write In No. 370 

THE SOURCE 
FOR ELEC­
TRONIC& 
MECHANICAL 
HARDWARE 
Seastrom takes pride in 
offering one of the widest 
selections of standard elec­

tronic and assembly hard­
ware available &om stock. 
Seastrom's 66-A Catalog 

provides a complere source for over 45.000 products. For 

a free 550-page caralog. call 800-634-2356. 

Seastrom Manufacturing Co. Inc. 

For More Information Write In No. 362 

COOL ELECTRONIC 
CABINETS 
Com pac! Cabinet Coolers are the 
low-cost. reliable way to cool and 

purge electronic control panels. 
eliminating CFCs. fans. and fLlrers. 
The coolers incorporare a vonex 
rube to produce cold air from ordi· 

nary compressed air. No moving parts assures long life 
and maimenance·free operation. NEMA 4. 4)(, and 12 

models available. Literature gives selection dara and speci. 

fications. EXAIR Corporation, 1250 Cenrury Circle 

North, Cincinnati. OH 45246; Tel: 800-903-9247; Fax: 
513-671-3363; E-maii: techelp@exair.com; http:// 

www.exair.com. 

EXAIR Corporation 

For More Information Write In No. 365 

ELECTRONIC 
HARDWARE 
NEW CATALOG '97 
Globe's FREE '97 Electronic 

Hardware catalog details the most 

comprchensive line, including: ban­
dies, ferrules, jack screws, standoffs, 

spacers. captive pand screws, panel 

screw rctainers, thumb screws, shoulder washers, and 
more. Available in American or merric standards with 
over 40 protective finishes and performance materials. 
and 10 different metal and nylon marerials. Globe 

Electronic Hardware. PO Box 770727. Woodside, NY 
11377; Td: 800-221-1505 or 718-457-0303; Fax: 718-

457-7493; http://www.g1obe-dec.hdwe.com. 

Globe Electronic Hardware 
For More Information Write In No. 368 

1997 PCMCIA 
PRODUCTS CATALOG 
The new PCMCLA-PC CARD Stan­

dard has been incorporated into 

many new applications such as: Data­

logging. agriculrure. digiral film, and 
wireless communications. Envoy 
Data has just released its new caralog 

for these new applications plus many other products like: 

memory. UO (serial, parallel, SCSI. ND. etc.) cards; PC 
card drives for ISA, IDE, SCSI, etc.; along with industrial 

card and drives. multimedia. industrial. and engineering 
tools for PCMCIA applications. Envoy Data 

Corporation. 6 E. Palo Verde, #3, Gilbert, AZ 85296; 
Tel: 602-892 0954; Fax: 602-892-0029; E-maii: 
info@envoydara.com; hrrp:llwww.envoydara.com. 

Envoy Data Corporation 
For More Information Write In No. 371 
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FREE LAMP 
CATALOG 
Bulb Direct. Inc. sells 
replacement spedalry 

lamps for A/V. pboto. 

graphic, stage, studio, 
video, micrographic. and 

graphic arts equipment. 
plus medical and electronic 

insrrumenrs. We offt'r 
brand names with two-<Iay air delivery at no extra cost! 

New this year .. . pecialry Energizer Batteries. Bulb Direct 

loc .• I Fishers Rd., Pirrsford. NY 14534-9511; Tel: 800-

772-5267 or 716-385-3540; Fax: 716-385-4976. 

Bulb Direct, Inc. 

For More Information Write In No. 363 

NEW! OPTICS & 
IMAGING CATALOG 
Edmuod Scientific's free 260-page cat· 

alog features our exclusive lotegrated 

Optical Component Mounting Sy>tem 
and one of the brgesr selections of pre­

cision off-th .... helf optics and optical 
instruments. Our precision off-the-shelf optics, TechSpeclM 

Optics and optical components can rake you &om design, [0 

prototype. to final production. We provide technical design 

and production solutions. Over 8.000 scientific and techniral 

products, including magnifiers, lasers. microscopes. tele· 
scopes. "machine vision," and video microscopy. Tel: 609-

573-6259; Fax: 609-573-6233; E-mail: indopr@edsci.com. 

Edmund Scientific Co. 
Industrial Optics Division Dept. 8971 . N954 

For More Information Write In No. 366 

-.:-.:...- AUTOMATION 
CONTROLS & 
COMPONENTS 
New Automation Controls & 
Components Selector Guide pro­

vides overview of pneumatic and 
decuonic industrial automation 
componcnts and conrrols avail­

'--_-'-=::=-_---1 able from Festo. Over 90 product 
categories in 24-page brochure. covering conrrol systems, 

PLCs, Fieldbus manifolds, sensors, pneumatic cylinders. 

valves and accessories. Educationrr raining programs in 
automation conrrol technologies described. Contact: Festo 

Corporation, 395 Moreland Road. Hauppauge, NY 

11788; Tel: 516-435-0800. 

Festo Corporation 
For More Information Write In No. 369 

JOURNAL OF 
PHASE 
EQUILIBRIA 

~ 
Subscribe for one year and 

I'. 

-:. save 20% (firSt-time sub-
scribers only). Tbis journal 

includes original researcb on 

attaining or preventing phase 
equilibria, and the use of 

data when evaluaring alloys 
for higb·rech applications. locludes rdiable research. 

applications. updates, and critical phase diagram evalua· 
tions authored by international experts. Call 1-800-336-

5152 for a FREE preview package. 0445jPE336 

ASM International 

For More Information Write In No. 372 
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New uwog details bundreds of 

standard gasketS and grounding 
strip variations, eoginee~ to meet 

the moSt common sbidding appli­

cations. Standard as well as custom 
designed shields are JrulI1ufacrun:d 

from Beryllium, Copper, and other High-performance 
ma<erials. Special finishes and a variety of mounting 

methods are offe~. For World Class quality and service 

call 201-890-7455 or visit our Web Site at: 
HTIP:/IWWW.OMEGASHIELDING.COM; E-mail: 

SALE$@OMEGASHlELDING.COM. 

Omega Shielding Products Inc. 

For More Information Write In No. 373 

DS/t"""", __ DIGITAL 
PRESSURE 
SCANNER 
Model DW017/30l8 fearurcs 
Ethernet-ready TCP/fP prolO­

col. 0-750 psi pressure range. 
%0.05% FS accuracy, and 200 

- _ __e sarnples/ch=ndlsec. Measures 

both gas and liquid pressures. 
Incorporaces 16 te.mperatuce-compensatro piezoresistivc 

pressure sensors with a microprocessor and ND in a self­
contained module. Microprocessor-controlled internal 

valve performs online zero calibrations. Pressure dara are 
output in engineering units. Sc:anivalve Corp.; Td: 800-

935-5151 or 509-891-9970: Fax: 509-891-9481. 

Scanivalve Corp. 
For More Information Write In No. 376 

CAD/CAM/CNC -
WHAT TO KNOW 
BEFORE YOU BUY 
New, free 112-page primer (H835) 
explores what to know before you 

invest in CAD/CAM/CNC tecbnolo­

g. A comprehensive technical section covers: scanning, 

rooling. fu.turing & srepper vs. sccvo molO ... Application 
case JUstories in wood, plastic, model making. engraving, 

education and more show how CNC routers can expand 
busi ness as well as provide quick payback. Includes selec­

tion speci6cations for 11 CNC router systems and 9 soft­

ware packages. Techno-isel. 2101 Jericho Tpke .• Box 
5416, New Hyde Park, NY 11042-5416: Tel: 800-948-

3246: Fax: 800-737-7436; hrrp:llwww.rcchno-iseL.com. 

Techno-isel 

For More Information Write In No. 379 

TOOLS, TOOL 
KITS, CASES 
& TEST 
EQUIPMENT 
Free 368-page color caralog 
fcal1ll'cs over 100 standard 

rool kits for inst.allation. field 
servioe, a.nd repair. ExtmslVe 

srock case selection with rool 

kit modification details. 

Compurer u:st equipment includes oscilloscopes, SIMM 

tcste ... EPROM t<Sec", bencbmp rest equipment. and 
more. Contains photos, d=riptions, specifications, price 

brW<s, index, and order form. Speciali7.cd Products Co.; 

Tel: 800-866-5353; Fax: 800-234-8286. 

Specialized Products Co. 
For More Information Write In o. 382 
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TOOLING 
COMPONENTS 
AND CLAMPS 
This 570-page catalog con­
tains an assortment of com­
ponents including {Qggle 

damps, modular fixturing, 

clamping devices, power 
workholding. cbuck jaws, 

pins, knobs, drill busbings, 

Icvding fccl, and mucb more. Carr Lane ManUf.lCruring 
Co., 4200 Cart Lane St., PO Box 191970, St. Louis, 

MO 63119-2196; Tel: 314-647-6200; Fax: 314-647-

5736. 

Carr Lane Manufacturing Co. 

Por More Information Write In No. 374 

ACCELER­
OMETERS 
New I08-page catalog of 
Entran~s Accelerometers wilh 

associated power supplies. ampli­
fiers & signal conditioning. A 
broad selection: miniature [0 

rugged. low and high ranges. 

~~==~==~ wide frequency response for Slatic 
and dynamic. Both damping and overraoge srops avail­

able. ldeal for acceleration. vibration & shock testing in 
aerospace, industrial, automotive, military & research 
applications. Many items in "Off-the-Shelf" stock. 

Emran Devices. Inc.. 10 Washington Ave., Fairfield, NJ 
07004; Tel: 888-8-ENTRAN; Pax: 201-227-6865; 
frmail: salCS@encran,com; htcp:llwww.enua.n.com. 

Entran Devices, Inc. 
For More Information Write In No. 377 

AURUM® HEAT­
RESISTANT THERMO­
PLASTIC POLYIMIDE 

LlIl:!II"'~ AURUM Thermoplastic Polyimide is the 

engineering plastic of cboice for components facing harsh 
environmcots. It fearures 550°F heat resistance, high puri­

ty. exceptional PV values. roughness. and tensile strength 
to 39,000 psi. AURUM is injccrion-moldable and avail­

able in molding pelletS & powder, 6Jm, extruded Slock 
shapes, monofilarnents. merallpolyimide laminates. thin 
wail rubing, and composite prepegs. AURUM is used in 
the automotive, aerospace, industrial equipment, and 

semiconducror industries. Mitsui Toatsu Chemicals, Inc.. 

2500 Westchester Ave .• Ste. 11 O. Purduse, NY 10577; 

Tel: 914-251-4222; Fax: 914-253-0790. 

Mitsui Toatsu Chemicals, Inc. 
For More Information Write In No. 380 

NEW TEST & 
MEASUREMENT 
CATALOG 
Keithley's new 1997 catalog fea­

mres 300 pages of e1t'CUtmic test 
and measurement insuumenta· 
tion including DMMs. e1cctrome­
tt:n, precision sources., voluneterst 

ammerers, source-measure uni ... power supplies, switch 

sysrems. and much more. This valuable rettm.ce guide 
includes application examples to help design a test sys­

tem. selector guides ro compare imporraor specs, plus 

complete produCt specifications. Keithley instrumentS. 
Inc.. 28775 Aurora Rd., Cleveland, OH 44139; Tel; 800-

552-1115; Fax: 216-248-6168; hcrp:llwww.keithlcy.com. 

Keithley Instruments, Inc. 

For More Information Write In No. 383 
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NEW DATA 
ACQUISITION 
CATALOG 
Keithley MetraByte offe .. a 

new shonform Catalog of 

analog and digital lIO 

boards, data acquisition soft­
ware t and PC instruments 

productS. Tills new utalog 

-~ includes several application 
~------' examples and technical selec-

tor guides that make it easy to compare specs. Keithley 
MenaByte, 28775 Aurora Rd., C1evdand, OH 44139; 
Tel: 800-552-1115; Fax: 216-248-6168; WWW: 
htcp:llwww.keithley.col1l-

Keithley MetraByte 
For More Information Write In No. 375 

STRETCHING THE 
POSSIBILITIES IN 
CHEMICAL 
PROCESSING 
DuPont Dow Elastomers, a 

joinr venture between the DuPont Company and Dow 
Chemical, offers high-performa.ncc products, including 

Viron® amd Kalrez®, thar meet the scaling needs of the 

chemical-processing indusrry. Ensure product perfor­
mance by speci1}ring genuine Viton for your sealing mare­
rials. Kalrez parts have outstanding resistance to over 

1600 chemicals at temperatures to 316°C, making it the 

best-seiling material. DuPont Dow Elastomers offers you 
a broad range of innovative solutions to suetch me possi­

bilities in scaling for the cbemical processing industry. 

DuPont Dow Elastomers 
For More Information Write In No. 378 

LOAD/FORCE! 
TORQUE CATALOG 
Catalog describes line of precision 
load, force, and torque sensors 

and relared instrumentation from 

handhdd to multicbannd. Gram 
Sensors: 30 to 1 K GtarDS; Load 

~ _ _ ~ Cells: 2.5 to 400K lb •. ; Load 

'--_____ -1 Buttons: 250 to 50K lbs.; Load 

Wash ... : 2K to 300K lb •. ; Thru-Hole Load Cell: 5 ro 
30K lbs.; Torque Sensors: lOin. oz. ro 50K in. Ibs.; Load 

Pins: 1.5K 10 800K Ibs. Transducer Tecbniques, Inc .• 

43178 Business Park Dr., Temecula, CA 92590; Tel: 
909-676-3965; Fax: 909-676-1200; E-mail: rd@ 

rdoadceUs.com; http://www.rdoadc:eUs.com. 

Transducer Techniques, Inc. 

For More Infocmation Write In No. 381 

OMEGA'S 
PREMIER TO THE 
21 ST CENTURYTM 
EDITION 
OMEGA Engineering is proud 
to announce the release of its 

Dara Acquisition Handbook. 
"The Universal Guide to Data 

.Acquisition and Computer IDtccfac<:s - Premier to the 

2Is[ Century"'" Edition." This new Handbook contains 
600-ph .. pag .. of productS and valuable technical infor­

mation. Over 140 pages are dedicated 10 new and unique 

produCtS. OMEGA Engineering; Tel: 800-TC-OMEGA 
(800-826-6342) or 203-359-1660: R-m.il: info 

@omega.com: htcp:llwww.omega.rom. 

OMEGA Engineering 
For More Information Write In No. 384 
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OMEGAlEEM 
CATALOG 
DISTRIBUTION 
OMEGA Engineering and EEM 
(Eltctronic Engin«rs MaSter). 
published by Hea.rSt Business 
Communications. have launcbed 
a new venture [0 jointly dis ~ 

tribute literature. The program includes the four-volume 
EEM set featuring electronic products. equipment, and 
services, along with OMEGA's two-volume set in process 
measurement and control products . OMEGA 
Engineering; Tel: 800-TC-OMEGA (800-826-6342) or 
203-359-1660; E-Mail : info@omega.com; http:// 
www.omega.com. 

OMEGA Engineering 
For More Information Write In No. 385 

WAVE/COMPRESSION 
SPRING CATALOG 
JUSt updated, Catalog #WS-93A con­
tains hundreds of NEW srock sizes of 
wavdcompression springs available 
from stock, including spring design 
formulas. materials guide, and typi­

cal applications. This 40-page engineering/parts manual 
describes Smalley's exclusive edgewinding manufactur­
ing process. SPECIAL SPRlNGS ARE EASY TOO! 
Smalley springs, available from 3/8" to 84" in diameter, 
are produced by circle-coiling flat wire to exact specifi­
cations involving no dies or speciaJ cooling charges. 
Smalley S,eel Ring Co .• 385 Gilman Ave. , Wheeling, IL 
60090 ; Tel: 847-537-7600; Fax : 84 7-537-7698 ; 
http://www.ringspring.com. 

Smalley Steel Ring Co. 
For More Information Write In No. 387 

"Technology Transfer - Today for Tomorrow' 

INTERNALLY 
GAGED FORCE 
TRANSDUCERS 
Catalogs describe a complete 
line of force transdueers manu­
factured by Strainsert. 
Transducers include: flat load 
crUSt tension and compression 
&om 250 to 2 million pounds; 

clevis pins with 0-10 vdc and 4-20 rna outputs; tension 
links up to 400,000 pounds; load-sensing bolts and studs; 
and load indicators. · Special" designs are invited. 
Strainsert . Union Hill Industrial Park. WeSt 
Conshohocken, PA 19428; Tel: 610-825-3310; Fax: 610-
825-1734. 

Strainsert 

For More Information Write In No. 386 

RUGGED 
~...:=--=- MINIATURE 

SWITCH 
The Series 70 is an envi­
ronmentally rugged line 
of lighted and unlighted 
switches. Wet, dusty or 
oily duty. DPDT MOM 
or ALT switch actions. 
Mounts on 0.700' cen­
ters with 0.880· depth. 

Lighted push buttons use T-I MFB lamps. Variety of dis­
play types, colors, and styles. StacoSwitch. 11 39 Baker 
St., Costa Mesa, CA 92627; Tel: 714-549-3041; Fax: 
714-549-0930. 

StacoSwitch 
For More Information Write In No. 388 

CD-ROM ENCYCLO­
PEDIA OF SPACE & 
THE UNIVERSE 
Great fur kids and adults, this CD-ROM 
is [he ultimate interactive guide for 
exploring the universe. Spend a day 

aboard the Mir space station, travel to the moon's dark side, 
ake a 3D tOur of Venus, observe the starS from inside a mini 

plmetarium. Features dozens of videos, aninations, and 
audio clips, and hundreds of color photos and a.rricles. 
Comes with 160-~ ' Space Facts" book. Requirements: 
486DX, 8MB RAM, Windows 3"'95. 8-bit sound card, 
double-speed CD-ROM drive. $54.95 plus $5.00 shipping 
and handling. Mail payment to: Associated Business 
Publications, Dept. F, 317 Madison Ave., New York, NY 
10017. For credit card orders or infonnation on multi-copy 
discounts, call 212-490-3999. 

-----

THE ULTIMATE 
RUGGEDIZED 
PC-BASED 
ENCLOSURE 
The MEC-2000 is a trans­
portable, ruggedized PC-based 

_---- system developed as a reconfig-

t...=====~J urable platform for field applica­
tions. Designed to function in harsh environments and to 
suppott demanding applications. the MEC-2000 is con­
figurable for test, data-logging, data acquisition. and pro­
cess control applications where a ruggedi:r.c:d industrial 
computer just won't do. Geolest, Inc., 18242 West 
McDurmott S,., Irvine. CA 92614; Tel: 714-263-2222; 
Fax: 7 14-263- 1203. 

Geotest, Inc. 
For More Information Write In No. 389 

September 22-24, 1997 
Hynes Convention Center, 

Boston, MA 

CALL FOR PRESENTATIONS 
Over 6,000 executives and engineers and 250 exhibitors from government, industry and academia are expected 
at this 8th annual event. Any cutting-edge innova tion with commercial applications will be considered. 
Accepted submittals will be slotted as either an oral session presentation or poster presentation. 

Major topic areas: (A) advanced manufacturinglprototypinglmaterials ; (B) computers & communications; 
(C) energy; (D) environmental technology; (E) information technology systems; (F) medical & biotechnology; 
(G) microelectronics; (H) optics & lasers; and (1) sensors/instrumentation. 

Case studies and success stories can also be submitted and could describe successful government-industry part­
nerships and technology transfers resulting from CRADAs (cooperative research & development agreements). 
licensing agreements, SBIR (small business innovation research) products/projects, and other successful vehicles 
highlighting market entry, program innovations and lessons learned. 

Submit a 2-page (maximum) abstract no later than May 1, 1997 to G. De Feis, Technology Utilization Foundation, 
317 Madison Avenue, 19th Floor, New York, NY 10017; fax : 212-986-7864; e-mail: us033236@mincispring.com. 
Include the title of your paper, topic category, your name, title, affiliation, address, phone, fax and e-mail num­
bers. An independent review panel will judge all abstracts, based upon technical merit, innovation, and commercial 
potential. All submitters will be notified by June 1. Questions? Call George De Feis at 212-490-3999 (x254). 

Sponsors: Technology Utilization Foundation. Federal Laboratory Consortium. NASA. NASA Tech Briefs 

Host: Center for Technology Commercialization 
Cooperating Organizations: Agricultural Research Institute, American Astronomical Society. American Geophysical 
Union. American Institute of Physics. Industrial Designers Society of America, International Technology Education 
Association, National Association of Small Business Investment Companies, National Center for Manufacturing Sciences 
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These words should describe your optical designs 
... as well as your OPTICAL DESIGN SOFTWARE. 

SCIOPT now offers a wide range 
of design & analysis software products: 

• OPTEC-lII c
: Award winning general optiCS design code 

.IN,«.4f': Laser resonator & beam propagation software 

.INM."'c-p1us: High performance & extended feature version 

• CAOS 1M: Integrated Optics BPM (beam propagation method) software 

• Sigraptf-Optik: Integrated & Diffractive optiCS CAD layout program 

• CAPROX 1M: e-beam post-processing & proximity correction software 
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~ SCIOPT ERIe_es' 
e-mail: ghsciopl@ix.netcom.com 

SCI OPT Enterprises 
P.O. Box 20637 
San Jose, CA 95160, USA 
(408) 268-8934 Fx:(408) 268-9050 

PARAXIA is a trademark of Stanford University 
CADS is a trademark of The Folytechnicallnstitute of Torino 
Sigrapg-Dptik is a trademark of Siemens Nixdorf 
CAPRDX isa trademark of Sigma-C Gmbh 
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NEWS 
BRIEFS 
Notes from Industry and 
the Federal Laboratories 

Acton Research Corp. of Acton, MA, 
produced two very high-rejection vacu­
um ultraviolet (VUV) optical filters for 
the University of Wisconsin. They will be 
used in the Wid~Field Imaging Survey 
Polarimeter (WISP), a suborbital rocket 
payload funded by NASA to be used to 
obtain wid~field polarimetric images of 
the comet Hale-Bopp in the VUV. 
Shipped in December of last year, the fil­
ters provided had a dollar value of 

37,755. The launch of the rocket to 
observe the comet is scheduled for this 
month from White and, NM. 

With 1996 sales showing an 86-percent 
increase over the previous year, Big Sky 
Laser Technologies undertook a major 
expansion of its Bozeman, MT, facilities, 
the new space to be split among produc­
tion, engineering, and customer service. 
With the current phase, planned to be 
complete at the end of last month, the 
total expansion will amount to 80 per­
cent. Greg Smolka, director of sales and 
marketing, attributed much of the 
growth to the company's medical OEM 
lines, particularly d:YAG and Er:YAG, 
but also pointed to continued strong 
growth in the CFR line of pulsed YAG 
lasers for scientific, military, and indus­
trial applications. 

Big Sky has added a new shock and 
vibration testing capability that will 
enable on-site testing of lasers over any 
customer-specific shock and vibe curve. 
The lab features a new Unholtz-Dickey 
S062 vibration system-a "state-of-the­
an test station," according to director of 
engineering Jamie Barbula, that will 
make possible refinement of "our 
rugged designs, thereby increasing sys­
tem reliability .... Many of our customers 
are mounting their lasers in helicopters 
or airplanes or transporting them into 
the field, so reliability, substantiated 
through testing, is critically important." 

As of February 1, the integrated optics 
arena has a new player: BBV Design B.V. 
Based in Enschede, the etherlands, the 
company provides de ign services and 
training in efficient design techniques 
for integrated optics device develop­
ment. General manager of the new com­
pany is Martin Amersfoort, formerly of 
Bellcore. Also on staff is feint Smil, 
inventor of the arrayed waveguide grat­
ing, a key component in many dense 
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wavelength division multiplexing appli­
cations. Design experience and tools are 
provided by BBV umerical Engineer­
ing, developers of the hierarchical 
design approach in integrated optics, 
and BBV Software, the world's largest 
supplier of integrated optics design soft­
ware. BBV Design B.V.'s address is 
Hengelosestraat 705, 7521 PA Enschede, 
the Netherlands; +31-53-4836342; Fax: 
+31-53-4337415; E-mail: Amers@bbv.nl. 

Late last year, Semiconductor Laser 
International (SLI) of Binghamton, NY, 
acquired an exclusive license from 

orthwestern University CeOler for 
Quantum Devices to develop, manufac­
ture, and market aluminum-free high­
power semiconductor lasers worldwide. 
The patented technology, which is said 
to increase power levels dramatically, 
was developed by Prof. Manijeh Razeghi 
of Northwestern, who agreed to act as 
advisor to SLI in commercial implemen­
tation. With the new year, Dr. Geoffrey T. 
Burnham, SLJ's president and CEO, 
announced that demand was so great 
that work would begin on a second 
phase of its manufacturing facility, sub­
stantially ahead of schedule, that would 
double its size. By February, the manu­
facturing facility's first phase, compris­
ing 15,000 sq. ft. and a 4,OOO-sq.-ft. clean 
room, was in full production and order 
backlog had reached $1.3 million. 

The facility is equipped with the 
world's first molecular beam epitaxy 
crystal growth reactor incorporating the 
patented U.S. Air Force technology 
known as desorption mass spectrometry, 
a yield-increasing method for which SLI 
also has an exclusive license. 

Most recently, the company acquired 
a second Northwestern license for tech­
nology developed by Prof. Razeghi: the 
buried-ridge laser device. Burnham 
noted the technology allowed for good 
electrical confinement, "which can be 
utilized in the digital storage industry, 
specifically the digital video di cor DVD, 
which holds eight times more data than 
a conventional CD." 

Meadowlark Optics of Longmont, 
CO, broke ground for its new re earch 
and manufacturing facility in Frederick, 
CO, in February. The plant, approxi­
mately 20,000 q. ft. in ize, "'ill occupy 
five acres in the 75-acre Meadowlark 
Business Park being developed by the 
company' president and CEO Tom 
Baur and his wife Jeanne. Meadowlark 
emplo 39 researchers, engineers, and 
production workers in the manufacture 
of polarization optics. The company 
expects to move into its new quarters 
during the summer. 

www.nasalech.com 

Last month LightPath Technologies 
of Albuquerque, M, introduced a new 
class of lenses fashioned from its GRA­
DI1JMl" axial gradient index glass ( ee 
Laser Tech Briefs, "New Products," 
October 1996, page 13a). The new fast 
GRADIUM lenses provide a 10- to 20-
fold increase in tightne s of focus and 
smallness of spot size compared with 
conventional homogeneous singlet lens­
e, according to LightPath. The fast 
GRADIUM line includes 12 ultrafast lens 
type in izes ranging from 5-80 mm, at 
5-125-mm focal lengths. 

In February the company announced 
an agreement with DR Technologies of 
an Diego, CA, to jointly seek U.S. gov­

ernment contracts for GRADIUM appH­
cations. LightPath is currently working 
on a 225,000 subcontract tllfough DR 
Technologies to provide first a glass, 
then an acrylic, solar "light conduit" for 
a graded index solar concentrator for 
space satellite power. The team will 
together target $500 million of Defense 
Department programs for early-stage 
R&D projects that have commercial pos­
sibilities, and $24.6 million of Defense 
Advanced Research Projects Agency 
(DARPA) funds earmarked for a new 
breed of optical sensors. LightPath also 
announced a three-year strategic al­
liance with Hikari Glass Co., aJapanese 
lens and prism manufacturer, to in­
crease the presence of GRADIUM in 
Asian markets. 

The Optoelectronics Group ofEG8cG 
Inc. has consolidated its operations, 
eliminating the names of its nine divi­
sions and reorganizing them by product 
categories under Paul Beech, Dr. Wer­
ner Rech, and Andre Buser as general 
managers. 

The business units folded into the 
Group contributed almost 20 perceOl 
of EG&G's ales total of $1.6 billion in 
1996. They include Canada of Vau­
dreui!, Quebec (laser diodes, detectors, 
receivers); Judson of Montgomeryville, 
PA (infrared detectors); Electro-Optics 
of Salem, MA (strobe sy terns, flash­
lamps, thyratrons, spark gaps, rubidium 
atom frequency tandard); Power 
S)'5tems of Covina, CA (high-reliability 
power upplies); Reticon of unnyvale, 
CA (image sensors, CCD cameras); 
Heimann Optoelectronics of Mont­
gomeryville, PA, and Wiesbaden, Ger­
many (IR sen ors, image tubes, flash­
LUbes); IC Sensors of Santa Clara, CA 
(micromachined accelerometers, pres­
sure transducers, microvalves); Vanec of 
SL Louis, MO (photocells, photodiodes, 
sensors); and Amorphous Silicon, Santa 
Clara, CA (amorphous silicon large­
area imagers). 
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POWER PLAY: TUNABLE LASER 
DIODES HIT NEW HEIGHTS 

D evelopments in high-power 
wavelength-tunable laser diode 

technology are revolutionizing opti­
cal in trumentation. Compact, high­
ly reliable low-co t tunable laser di­
ode have attained the output power 
level , beam quality, and pectral 
purity of conventional olid- tate 
and d e laser sy terns. The emer­
gence of thi commercially viable 
technology i opening up new appli­
cation in chemical analysi , process 
control, nonlinear frequency conver­
sion, millimeter-wave generation, 
materials characterization, and scien­
tific re earch. 
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With partial upport from a ASA 
Ames Re earch Center SBIR pro­
gram, DL of San Jo e, CA, has re­
cently demon trated and i currently 
commercializing the first high­
power ingle-frequency continuou ly 
tunable laser diode system suitable 
for high-precision spectroscopy. In 
contrast to previou ly available mod­
erate-power external cavity tunable 
laser diode sources, this new system 
increases the available diffraction­
limited ingle-frequency power to 
more than 1 watt. Such power 
enables efficient nonlinear frequency 
conver ion to wavelength through­
out the UV, vi ible, and mid-IR spec­
tral regions. 

Figure 1. Amplifier current vs. CT-MOPA laser 
wavelength for different power levels for (a) 78S-nm 
laser and (b) 96S-nm laser. 

As part of the ASA SBIR program 
mentioned above, SDL developed a 
complete mid-IR source that combined 
two 1-W laser diode systems in a nonli n­
ear cry tal to provide broadly tunable 
narrow-linewidth 4.3-pm radiation for 
high-resolution carbon dioxide absorp­
tion pectro copy. Becau e this mid-IR 
ource is based upon near-IR laser di-

odes, it has everal advantage over other 
mid-IR lasers, including high reliability, 
lower power con umption, room-tem­
perature operation, and compact size. 

The high-power tunable la er diode 
ystem is ba ed on a continuously tun­

able rna ter-o cillator power-amplifier 
(CT-MOPA) architecture that combines 
the excellent pectral properties of 
low-power external cavity tunable laser 
diodes with the high diffraction-limited 
power attainable from emiconductor 
optical amplifiers. The master 0 cilla­
tor, consi ting of a laser diode coupled 
to an external cavity, generates 10-25 
mW of ingle-frequency continuou ly 
tunable radiation with Ie than 2 MHz 
of frequency jitter. To maintain a com-
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pact overa1llaser size and minimize ther­
mal and mechanical fluctuations, the 
entire oscillator laser cavity volume is 
kept to less than 4 cubic inche . The 
o cillator's output beam is coupled into 
a semiconductor power amplifier, boo t­
ing the optical power to greater than 1 W. 
The amplifier' output is diffraction-lim­
ited and maintains the narrow spectrum 
of the master oscillator. 

A Commercial Version 
The broad gain spectrum of the semi­

conductor material allow the output 
wavelength to be tuned over tens of 
nanometers by tuning the 0 cillator. The 
tuning ranges for CT-MOPA sy terns 
operating near 7 0 nm and 965 nm, 
hown in Figure 1, demon trate up to 35 

nm of tunability. SDL has recently intro­
duced the TC40, a commercial CT­
MOPA laser y tern. Illustrated in Figure 
2, the TC40 provides O.5-W ingle-fre­
quency continuously tunable diffraction­
limited radiation with complete elec­
tronic fine and coarse wavelength con-
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tro!. The technology used in CT­
MOPA tern has been demon trat­
ed throughout tlle 650-1140-nm 
wa elength range. 

The high power, pectral purity, 
and patial coherence of the CT­
MOPA output beam enables its effi­
cient conver ion, u ing nonlinear 
material, to the , vi ible, and mid­
IR pectral region. everal gase of 
indu trial and cientific importance, 
including O2, CO, and CH4, have 
trong molecular vibrational transi­

tion in the mid-IR, between 3 and 5 
pm, that can be used for high-sen i­
tivity ga concentration measure­
ments. Many atomic specie have 
ab orption pectra in the and vis­
ible. Conversion to the mid-IR may 
be accomplished by difference-fre­
quency mixing (DFM) of two near-IR 
laser wavelength in a nonlinear crys­
tal to generate radiation at the differ­
ence of their frequencie . By mixing 
two tunable near-IR laser diode sys­
tems, the entire 3-5-pm spectral 
range can be covered . 

SDL developed the mid-IR DFM 
source illustrated in Figure 3 for CO2 

spectroscopy. Beam from two CT­
MOPA laser diodes, one tunable 
between 775-790 nrn and the other 
between 950-985 nm, are combined 
in a dichroic beamsplitter and 
focused into a cry tal of periodically 

poled LiNbO, (PPLN). The latter i a 
nonlinear material that allows efficient 
conversion to the mid-IR of any near-IR 
wavelength by appropriate choice of 
poling period for quasi-phase matching. 
Because of the broad tunability of the 
two near-IR ystem, thi mid-IR source 
can generate light over the 3.0-4.7-pm 
wavelength range. 

In the configuration hown, the mid­
IR system i arranged to optimally pro­
duce radiation near 4.3 pm, in order to 
tune through the fundamental vibra-

Figure 2. The SOL TC40 high-pow er single-fre­
quency continuously tunable commercial laser 
system. 
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959.63 nm 

Figure 3. Schematic diagram of the tunable narrow-linewidth mid-IR radiation source (HWP: half-wave plate; DBS: dichroic beamsplitter). 

tional ab orption lines of CO2, The 
absorption spectrum is measured by 
sending the mid-IR beam through a cell 
containing 10 torr of CO2 and electroni­
cally tuning the frequency of the 785-nm 
laser diode system using a piezoelectric 
actuator in the master oscillator's cavity. 
The ab orption spectrum is shown in 
Figure 4 and demonstrates a mid-IR 
linewidth of less than 30 MHz (0.001 
em-I). This linewidth is the convolution 
of the two near-IR laser linewidth , inde­
pendently measured to be less than 10 
MHz each. The transmi sion spectrum 
through a germanium etalon, shown in 
Figure 4, demonstrates the smooth con­
tinuous tunability of the mid-IR source. 
The narrow Hnewidth combined with 
the continuous tunability allows clear 
resolution of everal different carbon 
dioxide isotopes. 

The NASA Connection 
Mid-IR laser sources are of interest to 

ASA because many geologically and 
biologically important gases have strong 
absorption lines in this spectral region. 
Ab orption spectroscopy can perfonn 
simple, direct measurements of gas con­
centrations. Measurement of the ratio of 
12C02 to ISC02 is particularly important 
for tracing material ources and study­
ing biological activity. Future mi ions to 
Mars may include on board mid-IR laser 
ources for ample analysi . Mid-lR spec­

tro copy has several additional NASA 
applications, including monitoring gas 
concentrations in spacecraft cabin, 
measuring atmo ph eric gas concentra­
tion , and analyzing meteorites. 

Both the mid-IR source and the high­
power CT-MOPA la er ource have 
many potential commercial applica­
tions. Mid-IR gas sensing can be used 
for pollution monitoring of factory and 
automobile emi sion . The broad wave­
length coverage allows measurement of 
many pollutants, including 0, HF, 
and CO. Spectroscopic measurements 
throughout the visible to mid-IR can be 
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used for process control in semiconduc­
tor manufacturing, where monitoring of 
moisture content, metallizations, epitax­
ial depositions, and optical coatings can 
increa:.e device yields. Several atomic 
pecies with absorption lines in the UV 

and blue regions of the spectrum can 
be monitored by frequency-doubling 
the CT-MOPA output. Deployment of 
high-power laser diodes based on the 
CT-MOPA's amplifier technology is 
already occurring in industrial chemi­
cal processes and analysis. For these 
applications, a wavelength-stabilized 
laser with dO GHz linewidth is used 
as an excitation source for Raman spec­
troscopy. Measurement of the Raman­
shifted spectrum from a ample can be 

1.. = 4.3291J.1l1 

performed noninvasively and return a 
quantitative analysis of the chemical 
composition. 

The development of high-power sin­
gle-frequency continuou ly tunable 
laser diodes will enable further expan­
sion of new pectro copic applications. 
By offering performance that was previ­
ously available only from tabletop-sized 
complex laser systems, this laser diode 
technology will bring powerful analyti­
cal techniques out of development labo­
ratories and into widespread commer­
cial use. 

For further information, contact 
Steve Sanders, Staff Scientist at SDL; 
(408) 943-4231; Fax: (408) 943-4260. 
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Figure 4. Absorption spectrum of CO, measured using the laser-diode-based mid-IR source. 
The lower curve shows the transmission through a germanium etalon. 
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Low-Cost Renewable Polishing Lap 
A thin mm conforms to the unchanging lap shape. 

National Institute of Standards and Technology (NIST), U . Dept. of Commerce, Gaithersburg, Maryland 

A new polishing lap features a 
replaceable, deformable film applied 
to a lap ub trate' urface. The lap i 
re istant to attack from corro ive and 
reactive polishing media; its textured 
urface is sufficiently resilient to pro­

vide good finishe without hindering 
dimen ional controlling and accuracy 
of the texturing. 

A lap sub trate having a localized tex­
ture and an overall hape (flat, concave, 
or convex) to conform with the work­
piece is covered with a replaceable lap 
film that is deformed to correspond to 
the texture of the sub trate's surface. 
The peak of the lap substrate provide 
the desired overall shape while the val­
leys retain the polishing media and the 
accumulated material removed from 
the workpiece. The film contacts the 
polishing media and the piece being 
treated. 

The textured lap substrate can be 
made from numerous sufficiently rig-

id material such as metal, ceramic, 
crystalline, glas -ceramic, glas, poly­
meric, or compo ite materials. Porous 
material, which provide their own tex­
ture, are preferred, although the tex­
ture can also be machined or etched 
into the urface. The lap fUm, of vari­
ou polymer film or metal foil , is thin 
and uniform to deform to the ubstrate 
surface, chemically resistant, and 
impermeable. Vacuum, pre sure, heat, 
chemical, electro tatic or magnetic 
fields, or mechanical force can be used 
to deform and/or hold the film in 
place. 

Covered, the lap sub trate urface 
does not degrade or change during use. 
Chemically aggressive substances can be 
used. Thin films can be made to fit well 
without wrinkling, and provide uffi­
cient resilience to achieve good finish­
es without losing the accuracy of soft 
fabric laps. Contaminated films can be 
easily removed and replaced so that an 

entire production proce ,using everal 
different abrasive , can be performed 
using a ingle lap. Thi lapping device 
can be u ed for grinding, lapping, 
and/ or poli hing ub trate, such as 
semiconductor wafers, optical lense, 
and computer hard disks. 

This work was done by Chris Evans and 
Bob Parks at the National Institute of 
Standards and Technology. The inven­
tion has been reduced to practice. For more 
technical information, contact Dr. Evans at 
(301) 975-3484; FAX (301) 869-0822; E­
mail: cjevans@nist.gov. A patent is pend­
ing, and exclusive and nonexclusive licens­
es are available. Licensing inquiries may be 
directed to Marcia Salkeld, Licensing 
Assistant, NIST, Department of Commerce, 
Building 820, Room 213, Gaithersburg, 
MD 20899-0001; (301) 975-4188; FAX 
(301) 869-2751. Refer to NlST Docket No. 
94-043. 
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Laser-Diode-Source 
Module 
With Fiber-Optic 
Coupling 
A flexible design enables 
the use of alternative 
components and 
coupling schemes. 
Marshall Space Flight Center, 
Alabama 

A module of optoelectronic equip­
ment has been developed to satisfy 
requirements to (1) couple light from 
a laser diode into a ingle-mode optical 
fiber and (2) send a portion of the light 
through a reference cell . The module 
incorporates the following compo­
nents: 
• A laser diode in a TO-type can; 
• A thermoelectric cooler; 
• A collimating lens; 
• An optical isolator; 
• A beam splitter for the reference and 

fiber beams; 
• A commercial fiber collimator; 
• A mount that holds the fiber collima­

tor and that is adjustable in transla­
tion along, and rotation about, the 
two coordinate axes perpendicular to 
the nominal optical axis; 

• A reference cell; and 
• A reference detector. 

The module features a flexible 
design that enables the use of different 
laser diodes and different reference 
cells and that provides the option for 
either fiber-optic or free-space coupling 
of the laser beam. The design also facil­
itates adjustments to maximize cou­
pling of laser light into the fiber and 
minimize both optical interference 
fringes and reflection of light back into 
the laser diode. 

This work was done by Fritz Bien, 
Michael E. Gersh, Neil M. Goldstein, and 
famine Lee oj ~ectral Sciences, Inc., Jflr 
Marshall Space Flight Center. 0 Jur­
ther docu7llentatwn is availabk. 

Inquiries concerning rights Jor the com­
mercial use oj this inventwn should be 
addressed to the Patent Counsel, Marshall 
Space Flight Center, (205) 544-0026. ReJer 
to MFS-26438. 
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Noise-Cancelling Fiber Optic Microphone 
A directional, refractive-based optical microphone permits communication in both 
electrically and acoustically noisy environments. 
Armstrong Laboratory, Crew Systems Directorate, Wright-Patterson Air Force Base, Dayton, Ohio 

A Micro-Optic Technologie Inc. 
team has developed a noi e-cancelling 
fiber optic microphone ( CFOM) that 
has immunity to electromagnetic inter­
ference and reduced en itivity to ambi­
ent acoustic noi e. Made without mag­
netic materials, it is about 26 mm in 
diameter and 20 mm thick, about the 
size of currently used boom-mounted 
electroacoustic microphones. The 

CFOM can be used for voice commu­
nication in environments that contain 
electrical, magnetic, and acoustic inter­
ference . 

The CFOM is a new de ign that 
depends on refraction rather than 
reflection for signal detection. Two mul­
timode 200-micron-core optical fibers 
with cleaved end face one another. A 
pherical sapphire microlen 1 mm in 

diameter is attached to the center of a 
flexible polyester diaphragm 25.4 
microns thick, with a diameter of 2.2 
cm, using a two-part epoxy. The 
diaphragm is po itioned 0 that the lens 
is placed between the two fiber end . 

The figure how a diagram of the 
microphone. 

One fiber of the CFOM is connect­
ed to a Iight-emitting diode with 850-nm 
emi ion, and i used to transmit light 
through the len . The other fiber, u ed 
to receive the light that has pa ed 
through the len , is connected to a pho­
todiode for detection. The fiber pair is 
aligned with re pect to the lens so that 
light from the tran mitting fiber i 
focused into the receiving fiber. The 
len moves with the diaphragm in 
respon e to pre ure variations, thus 
changing the location of the focused 
light. This action modulates the light 
acquired by the receiving fiber and cre­
ate a pressure-dependent signal. 

Decreasing the sen itivity of the 
microphone to the planar wavefronts of 
far-field noise results in noise-cancella­
tion performance. It is achieved by vent­
ing the microphone so that these planar 
wavefronts, arriving at the same time at 
the front and the rear of the 
diaphragm, nullify one another. The 
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microphone is then more ensitive to 
near-field source . 

The acoustic noi e-cancellation per­
fonnance was as e ed by measuring the 
signal-to-noise ratio (SNR) when a imu­
lated voice signal was placed 2 cm in 
front of the microphone under te t and 
a noise ource was present 60 cm away 
and at variou angle relative to the 
same microphone. At present the 

CFOM how about a 7-dB NR in this 
te t compared to a conventional elec­
troacoustic noi e-cancelling micro­
phone's 13-dB S R. Work is continuing 
on the improvement of the noi e can­
cellation of the fiber optic microphone. 

The CFOM has a 90-dB dynamic 
range, a frequency range from 20 to 
6000 Hz, and an open-circuit sensitivity 
of -30 dB at 1000 Hz (referenced to l.0 
V I Pa). The microphone'S body is con-

3 

1 2 3 

4 

Top (upper) and side (lower) views of the Fiber 
Optic Microphone: (1) diaphragm mount, (2) 
diaphragm, (3) lens, and (4) optical fiber 
mount. 

nected by two multimode optical cables 
terminated in ST connector to an elec­
tronic interface box that hou es the 
light source and detector and a circuit 
that provides an output for standard 
intercom ystems. The CFOM can be 
used by the aviation community as well 
as the chemical industry and electrical 
utilities, and for medical purpo es such 
as allowing patients undergoing mag­
netic resonance imaging scans to com­
municate with hospital staff. 
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This wark was dane by James P. Suc, 
Bradley M. Jost, and Jeffrey C. Buchholz of 
Micro-Optics Technologies Inc. for the 
Armstrong Laboratory, Crew Systems 
Directorate, Wright-Patterson Air Force 
Base. (Additional funding was provided by 

J1SA Langley Research Center.) US Patent 

5,262,884 has been issued for the CFOM. 
Inquiries concerning rights to commercial­

ize this invention may be addressed to James 
P. Stec, Micro-Optics Technologies Inc., 8608 
University Green, #5, PO Box 620377, 
Middleton, Wl 53562; (608) 831-0655; 
FAX (608) 831-5821. 

Efficient, Fundamental-Transverse-Mode, 
Diode-Pumped Lasers 
Intra-cavity apertures are not necessary for operation in the 
fundamental transverse mode. 
Goddard Space Flight Center, Greenbelt, Maryland 

A class of efficient, rugged, solid-state 
laser is based on a combination of (1) 
side pumping by diode laser and (2) 
configuring the gain regions, in con­
junction with the side pumping, so that 
the fundamental transverse electromag­
netic mode (TEMoo) is automatically 
selected. The configuration overcomes 
the practical limitation on power avail­
able for longitudinal pumping by 

Bar-Shaped 
laser Diode 

z 

y 

J-x 

ture can degrade the quality of the 
emitted laser beam. 

The figure schematically illustrate a 
typical laser of this class. The pump 
beam is a thin sheet of light generated 
by a bar-shaped laser diode placed 
above and aligned parallel with the gain 
region of the laser crystal. The beam is 
collimated by a cylindrical microlens 
and aimed at the TEMoo-mode region of 

y 

--1f-----l-x 

DETAil lOOKING BACK ALONG 
LASER BEAM AT LASER 

This Diode-Pumped Solid-State laser exploits a combination of side pumping, a gain region that 
is narrower than the TEMoo mode in the x dimension, and reflection losses at the top and bottom 
surfaces of the laser crystal to suppress non-TEMoo modes in the y dimension. 

device that were on the market when 
the information for thi article was ub­
mitted. It also eliminates the need for 
the intra-cavity apertures that are used 
in older ide-pumping configuration 
to en ure operation in the TEMoo 
mode. Typically, an intra-cavity aperture 
induce ubstantial loss in energy or 
power, and diffraction around the aper-
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the laser crystal. Thus, the pump beam 
overlaps the TEMoo-mode region, 
which, as explained below, contains 
part of the gain region. 

The lasers of this clas exploit a mod­
ified version of the principle that if the 
gain region of the laser crystal is small­
er than the region occupied by the 
TEMoo laser mode, then the selection of 

www.nasatech.com 

LASIRIS introduces the Magnum series high­
power laser diode line generators. With up to 
4 W of optical power, built-in thermoelectric 
cooling and patented uniform line-generating 
optics, the Magnum series is the ideal 
structured light source for high background­
noise or power-hungry applications - capable 
of withstanding temperatures of -45°C to 
+55°C - clearly visible, even in full sunlight. 

MADE TO OUTPERFORM. 
• uniform intensity distribution 
• visible red up to 750 mW @ 670 nm 
• infrared up to 4 W 
• full CDRH safety compliance 
• ultra-thin line (user adjustable) 
• modulation option 

MADE TO OUfLAS 
• rugged industrial design 
• vibration tested up to 109 
• ESD-protected to more than 8,000 V 
• over-temperature protected 

Call -800-8 4-9552 
- and get the power you need. 

I 
L 

US AT CLEO '97 BOOTH' 951 
ROBOT '97 800Tli , 617 

For U.S. customers, FOB NY State 
3549 Ashby St. St-uwrent, Quebec, Canada H4R 210 
Tel: (514) 335-1005 Fax: (514) 335-4576 
Internet: httpt/www.lasiris.com 
E-mail: sales@lasiris.com 

For More Information Write In No. 454 



Proven 
Compact 

Affordable 

• >45mJ @1 064nm 

10/20Hz 

532nm, 355nm, 

Optical Attenuator 

Mini Lase is the ideal laser for: 
• Particle Image Velocimetry (PIV) 
• Raman & TOf mass spectroscopy 
• Laser ablation and 

UV micro machining 
• Pumping on OPO or dye laser 

~ N5Ww:\\15 
WRESEA RCH 

495 Mercury Drive. Sunnyvale. CA 94086 
rei : 800-566-1743 or 408-328-0220 
Fax: 408-328-0234 
Email: lasers@new-wav8.com 

For More Information Write In No. 455 

the TEMoo mode i assured. In the mod­
ified ver ion that applie here, the gain 
region of the laser crystal i constrained 
in the following en e: The longitudinal 
(. ... axis) dimension of the gain region 
and the TEMoo-mode region in the laser 
cry tal are the arne, while the gain 
region of the laser crystal i narrower 
than the TEMoo-mode region in one of 
the lateral dimensions (the x axis in the 
figure) . 

election of the TEMoo mode in the 
other lateral dimension (the y axi in 
the figure) i accompli hed by using the 
gain region as an aperture; that i , by 
exploiting the 10 es induced by the top 
and bottom of the laser crystal. To 
obtain optimum performance of the 
laser, it is neces ary to balance the need 

for complete ab orption of the pump 
beam (for which the crystal hould be 
made deeper in the y dimension) 
against the need to use the top and bot­
tom of the laser cry tal as an aperture to 
trip off electromagnetic mode of high­

er order along the y axis. 
This wark was done by Robert Aftal and 

Mark elker of Goddard Space Flight 
Center. For further information, write in 
23 on the TSP Request Card. 

This invention is owned by ~SA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive ar exclusive license 
far its commercial development should be 
addressed to the Patent Counsel, Goddard 
Space Flight Center; (301 ) 286-7351. Refer 
to GSC-13602 

Analog/Digital Potential-Mapping System 
for Robotic Guidance 
A potential field around obstacles and a goal is simulated. 
Ames Research Center, Moffett Field, California 

An analog/ digital electronic system 
generates an image that repre ents a 
simulated two-dimensional potential 
field for use in planning the trajectory 
of a robot across a floor or platform 
where there are obstacles (e.g., 
machines and people) that the robot 
must avoid on its way to a goal. As in 
other implementations of the potential­
field method of robotic guidance, (1) 
the simulated potential field resembles 
an electrostatic field, (2) the potential 
between the robot and the obstacles is 
repulsive (as between objects of like 
electric charge), while the potential 
between the robot and the goal is 
attractive (as between objects of oppo­
site electric charge), and (3) one seeks 
to compute a trajectory along the gradi­
ent of the potential field from any posi­
tion to the goal. In typical other imple­
mentations of the potential-field 
method, the potential fields ometimes 
include local minima wherein robots 
can become trapped. One advantage of 
the present system is that it simulates a 
potential field without any minima 
other than that of the goal; in effect, 
the system is designed to guarantee an 
all-"downhill" ob tade-avoiding path 
from any location to the goal. 

The ystem generate a gray-scale 
video image, in which increasing 
brightness in a given pixel represents 
increasing repul ive local potential. 

tarting with bright areas for the ob ta­
cles and a dark spot for the goal, the 

www.nasatech.com 

image is generated in an iterative feed­
back process in which the attractive 
potential field propagates outward 
from the goal spot and surrounds all 
obstacles, filling the scene. A potential 
field generated in this way has a single 
minimum at the goal, as desired, but 
the field computation could take exces­
sive time if performed by digital means 
only. In this system, the inherent speed 
of optical analog means is harnessed to 
reduce the field-computation time. 

The figure schematically illustrates 
one version of the sy tern. Under digital 
control by a computer, the analog 
image is written by use of a modulated 
electron beam that is scanned across 
the back (left) surface of an electro­
optical crystal in an electron-beam­
addressed spatial light modulator 
(EBSLM). At a given time, the comput­
er commands the EBSLM to operate in 
either an electron-deposition or an 
electron-<iepletion mode. In the elec­
tron-<iepo ition mode, the electro-opti­
cal crystal is biased at a high voltage and 
charge accumulates on the back surface 
of the crystal in the places exposed to 
the electron beam. In the electron­
depletion mode, the electro-optical 
crystal is biased at a low voltage and 
there is net depletion of charge from 
places exposed to the electron beam. In 
either mode, the charge pattern that 
remain after electron-beam writing 
give rise to an electric field that alters 
the index of refraction of the crystal in 
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Analog Image Processing in the EBSLM and associated optical components speeds the computation of a simulated potential field in which a robot is 
repelled by obstacles and attracted by a goal, with an all-·downhill· path from any robot location to the goal. 

a corresponding pattern. 
There is an important difference 

between the two modes: patterns writ­
ten in the electron-depletion mode 
have sharp edges and remain within 
their original boundaries, whereas pat­
terns written in the eiectron-<ieposition 
mode expand beyond their original 
boundaries (because of secondary emis­
sion of electrons from the surface of the 
crystal). Initially, the dark goal spot is 
written in electron-deposition mode 
and begins to expand. Then the bright 
obstacle patches are written in electron-

depletion mode. The resulting image is 
digitized and sent to the computer for 
processing into a feedback pattern, 
which is then written in the electron­
deposition mode to enhance the expan­
sion of the dark goal spot. This 
sequence of operations is repeated to 
obtain further enhancement and 
expansion of the dark spot. During each 
cycle of the iteration, the computer 
compares the image with the image 
from the preceding cycle. When the dif­
ference between the two images is less 
than some small amount related to the 

noise level, the iteration is terminated 
and the average of the images is used to 
compute the potential field. 

This wurk was done by Max B. Reid of 
Ames Research Center . For further infur­
matian, write in 42 on the TSP Request 
Card. 

This invention has been patented by NASA 
(U.S. Patent No. 5,483,168). Inquiries con­
cerning nonexclusive ur exclusive license fur 
its commercial development should be 
addressed to the Patent Counsel, Ames 
Research Center; (415) 604-5104. Refer to 
ARC-11997. 

Improved Video Sensor System for Guidance in Docking 
The principal advantage over a prior system would be greater speed. 
Marshall Space Flight Center, Alabama 

A propo ed video sensor system to be 
mounted on a tracking vehicle would 
automatically determine the relative 
orientation of a tracked vehicle during 
approach. The proposed system is 
intended to replace a current video 
ensor ystem that functions similarly 

and is used to guide the approach, 
which ends in the docking of the two 
vehicles with each other. The principal 
advantage of the propo ed ystem 
would be greater peed. 

A de cription of the current system is 
prerequisite to understanding the pro­
po ed system. The current system (see 
Figure 1) includes a video camera and 
two pulsed lasers of different wave­
lengths on the tracking vehicle. Three 
reflective targets are mounted at the 
comers of a triangle on one surface of 
the tracked vehicle, and a fourth reflec-
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tive target is mounted at the tip of a 
stalk that protrudes from the surface. 
The reflective targets are covered by fil­
ters that absorb light at one of the laser 
wavelengths. 

At the beginning of an operating 
cycle, the tracked vehicle is illuminated 
by a pul e of light from one of the 
lasers, and a frame grabber captures 
the resulting video image of the tar­
gets. Next, the other laser emits a pulse 
of light and the frame grabber captures 
the resulting video images. The two 
image are digitized and subtracted 
from each other in a fast computer, 
leaving only a digitized image of the 
targets. The orientation of tbe tracked 
vehicle relative to the tracking vebicle 
i then computed from the known geo­
metric relationships among the posi­
tions of the targets in the image, the 

www.nasatech.com 

positions of the targets relative to each 
other, and the orientation of the video 
camera. A large fraction of time of 
each operating cycle is taken by the 
image-subtraction process; this limits 
the frequency with which orientation 
data can be updated and makes the ys­
tem vulnerable to losing track of rapid­
ly moving targets. 

The proposed system would be ba ed 
on similar principles but would imple­
ment them in a different way to reduce 
the time taken by the image-subtrac­
tion proces . The camera in the pro­
posed sy tern (ee Figure 2) would 
incorporate a prism as embly, wherein 
the beam of light focussed by the cam­
era lens would be plit to form images 
on two charge-coupled-<ievice (CCD) 
imaging arrays. An absorptive filter 
would be placed in front of one CCD 
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Reflective 
Targets W" .... iilI. 

TRACKtNG VEHICLE TRACKED VEHICLE 

Figure 1. Video Images of Reflective Targets are acquired under illumi­
nation by two different lasers, digitized, subtracted from each other, and 
processed to determine the orientation of the tracked vehicle relative to 
the tracking vehicle. 
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Figure 2. The Video Signals Would Be Subtracted from each other while 
still in analog form; this would take much less time than does subtraction 
of digital image data . 

array. The analog output from the CCD array with the filter 
in front of it would be amplified by a factor of 2, and the ana­
log output of the other CCD array would be subtracted from 
it. The analog output of the subtraction circuit would contain 
only the images of the targets because the subtraction would 
remove the background image. The analog output of the sub­
traction circuit would be fed to a frame grabber for digitiza­
tion. The digitized image would then be proce sed to calcu­
late orientation as in the current system. 

The image-acquisition proce s take about 30 ms, and the 
digital subtraction process takes about 250 ms for a 1,024 x 
1,024 array on a 40-MHz digital signal processor. In compari­
son, the analog subtraction process takes negligible time. 
Thu , depending on the time taken by the orientation-calcu­
lation proce s, the proposed ystem might offer a consider­
able speedup over the current system. Another advantage of 
the proposed system is that unlike the current y tern , there 
would be no possibility of jitter between the subtracted 
images, because in the propo ed system, the two subtracted 
image would be formed simultaneously. 

This work was done by Tom Sutherland ofMarshall Space Flight 
Center. For further information, write in 30 on the TSP Request 
Card. 

Inquiries concerning rights for the commercial use of this inven­
tion should be addressed to the Patent Counsel, Marshall Space 
Flight Center; (205) 544-0021 . Refer to MFS-31150. 
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Scheme for Single-Mode 
Pumping of a Solid-State Laser 
Best features of two older schemes 
would be combined. 

Goddard Space Flight Center, Greenbelt, Maryland 

A propo ed scheme for side pumping of a solid-state laser 
rod efficiently in a single desired waveguide mode (the TEMoo 
mode) would combine the advantages of older end- and side­
pumping schemes: It would afford efficiency approaching that 
previously attainable only through end pumping with focusing 
of the pump laser beam to a diameter of the order of tenths of 
a millimeter to match the desired mode; at the same time, it 
would afford the power scalability attainable only through side 
pumping by multiple laser diodes. 

Laser Rod (Typically 12 mm Long. 
mm in Diameter) 

TOP VIEW 

Arrays of La.ser Diodes 

VIEW ALONG OPTICAL AXIS 

Figure 1. Two Linear Arrays of Laser Diodes would pump the laser rod 
from opposite sides. 

The cherne calls for side pumping by arrays of laser diodes 
th.at would be aligned 0 that the light would enter at angles 
favoring a high degree of absorption and conversion to laser 
light. The laser rod [which could be made of neodymium:yttri­
um aluminum garnet ( d:YAG) or other suitable crystalline 
laser material] would be about 1 mm in diameter - unusually 
narrow for a laser rod but a convenient size for manufacture. 
This diameter would be only slightly wider than the region 
occupied by the major part of the electromagnetic energy in 
attainable laser modes; thus, in comparison with older side­
pumping cheme involving wider laser rods, thi scheme 
would cause a greater portion of the cross ection of the laser 
rod to contribute to laser action and a Ie er portion to mere­
ly convert the ab orbed pump light to heat. 

The laser head ( ee Figure 1) would include the laser rod and 
arrays of laser diodes mounted in a heat sink. The pump light 
would enter the laser rod from the two arrays of laser diodes 
through twO longitudinal stripes, each 100 pm wide and located 
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Overnight Dellveryl No extra chargel 
Pay the freight, and It's yours .. .tomorrov.i 

PI~ 
428 Waverly Avenue. p~:::C 320 
Mamaroneck, NY 10543·0320 USA 

Tel: 800-698-8151 
914-698-8111 

Fax: 800-698-3629/914-698-3629 
MasterCard and VISA accepted. 

For More Information Write In No. 460 

Amazing 
Hubble Image 

actual sJze: 14'" x 18~3/4 '" 

No-w A Full­
Color Poster! 

One of the Hubble Space 

Telescope's most Incredible 

dIscoveries - the birth of stars 

7000 Ught years from Earth - is 

now captured in a gorgeous 

IIrnited-edltlon waH poster. 

Only $7.95 each plus $5.00 for 

shipping (In tube). 

NY residents add sales tax to total. 

Mall pa)'lnent to: 
Assoc. Business Publications, Dept. F, 

.317 Madison Ave .. NY, NY 10017. 
Credit card orders call (2 I 2 ) 490-.3999. 
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Highly Reflective Surface 017' Diameter 1 mm 

Laser Diodes 
(Not to Scale) ~ 

Arrayol 

100-~m-Wide Antireflection Coated Stripe 

MAGNIFIED VIEW ALONG OPTICAL AXIS (CYLINDRICAL AXIS OF LASER ROD) 

Figure 2. Multiple Reflections would confine the pump light in the laser rod, increasing the effec­
tive optical path length for pump light to about 4 times the diameter, thus increasing the utiliza­
tion of the pump light. 

diamenically opposite the other. Each of 
these stripes would be antireflection 
(AR) coated for low reflection at the 
wavelength of the pump light (809 nm in 
the case of the laser diodes used to pum p 
Nd:YAG). The remainder of the cylindri­
cal surface of the rod would be coated for 
high reflection at the pump wavelength. 

The sideways offset between the two 
arrays of laser diodes is an essential fea­
ture of the pump geometry, shown in 
more detail in Figure 2. With this geom­
etry, pump light that entered the rod 
from the laser diodes would traverse the 
cross section several times, confined to 
the interior of the rod by reflection. Ray­
trace calculations show that pump light 
would typically undergo three reflec-

tions before escaping from the rod 
through one of the antireflection coated 
snipes. Thus, more than 90 percent of 
the pump would travel 4 mm before 
escaping through the AR stripes, in a rod 
of only 1 mm diameter, and mo t of the 
path would lie generally in the central 
region, where coupling to the desired 
laser mode would be greatest. A 4-mm 
path in d:YAG for a wavelength of 809 
nm results in 84-percent absorption of 
the pump light in the laser medium. 

This work was done by D. Barry Coyle of 
Goddard Space Flight Center. For fur­
ther information, write in 32 on the TSP 
REquest Card. 
GSC-13636 

Making Structural Supports for 
Thinned CCD Membranes 
Structural supports would be added after high-temperature 
processing instead of before. 

NASA s Jet Propulsion Laboratory, Pasadena, California 

A technique for adding suucrural 
up ports to membranes has been pro­

posed. The technique is intended for 
use in fabricating charge-coupled 
devices (CCDs) and other microelec­
tronic devices that are required to be 
very thin (7 to 15 Ilm in the case of 
some advanced CCDs) and to remain 

www.nasatech.com 

flat during use. 
Heretofore, it was common practice 

to bond CCD sub trates adhesively to 
suuctural supports by use of epoxies 
prior to thinning the sub trate to fmal 
device thicknesses. This practice is 
unsuitable for fabrication of advanced 
CCDs because it is necessary to subject 
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the substrates to postthinning processes 
at temperature > 300°C, at which epox­
ies disintegrate. Before applying the 
propo ed technique, a CCD substrate 
would be thinned everywhere except at 

its perimeter, where a frame would be 
left to facilitate handling. The sub trate 
would then be subjected to high-tem­
perature processing. Being unsuppon­
ed in the middle, the resulting CCD 

Thin CCO Membrane 

~- F,.".(Pori_," 
CCO Substrate) 

a:::::::., ~ 1 : 1 
/

U __ I 

I • ------.:;r.-
Epoxy I -=~~f~.£ ~_ - Glass Plate With Small Holes 

Through Its Thickness 

Vacuum Chuck 

Wrinkles in the Membrane would be smoothed out when the membrane and glass plate were 
placed on the vacuum chuck. Excess epoxy would be drawn out by the vacuum chuck. 

With Exciwn. you get a spe­
cialized ream of professionals 
knowledgeable in the field of 
laser dyes. Since more chan 
one dye may cover a given 
spectral region. we provide 
the latest information con­
cerning the best dye selec­
cion for a specific laser sys­
tem and application. 
Exciton Inc.. PO Box 31126. 
Overlook Sraclon. Dayton. 
OH 45437: Tel: 513-252-
2989. 

IMPROVE 
ANYFUZZV 
PROBLEM 
WITH 
APART! 
• World's leading may 

Ught program! • Improve your slgIlal-to-noUe cario (SNR) 
in any opcical system . • Oprimiu your ammsrldetection 
on any ground- or space-based system .• Specify your sur­
f2tt quality and BRDF from a full waring library. • 
Calrulare ghOSt, glints, and partide problmlS befon: they 
happen. Breault Resean:h Organization Inc.. 6400 East 
Grant Rd.. Sre. 350. Tucson. AZ 85715: Tel: (800) 882-
5085 or (520) 721-0500: FAX: (520) 721-9630. E­
nuilisaIes@breaulLcom: http://www.breault.com 

Breault Research Organization Inc. 
For More Informa.tion Write In No. 303 
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PRECISION 
MEASUREMENT 
& SENSING 
INSTRUMENTS FOR 
MANUFACTURING 

Advanced line of measurement and sensing instruments 
for the calibracion and mainrenance of machine cools, 
robot>. and CMMs and fur the measurement of machined 
parts. Includes 5-D bser measuring system. ballbars. spin­
dle dynamic and thermal analysis system. levels. dual-axis 
beam = systemS. bser trackers. and mon:o 

Automated Precision, Inc. 
Autorft8ted Precision, Inc., 7901--C CUan. Avenue, 

Gaithersburg. MD 20879: (BOO) 537 2720; (301) 330-8100: 
Fax: (301) 990-8644. 

For More Infomation Write In No. 301 

,- ---­--
OPTICAL FIBER 
ASSEMBLY 
(PATCHCORD) 
TESTING 
IQ-I2001 Software: 
• For rapid testing in a pro­
duction eovironmtn( 
Insercion and return loss 
measuremmts • Single--mode 
and mulclmode fibers • 

Systematic mp-by-mp procedure • On-screen instmc­
clons • Custom label design and printing • Eneruive 
rq><>rting capabilities 

EXFO 
EXFO EJectro..OptIcoI Eng~. 465 Godin A .... Vanier, 

Quebec, CaMda GIM 3G7: (411) _11; Fax: (418) 683-2170. 

For More Infomation Write In No. 304 
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membrane could become wavy. 
A small gLas plate with many small, 

evenly spaced holes through its thick­
ness would be prepared for use as the 
structural uppon. One face of the glass 
plate would be coated with an epoxy and 
placed in contact with the CCD mem­
brane. The opposite face of the glass 
plate would be pLaced on a vacuum 
chuck (see figure). The suction in the 
chuck would act through the holes in 
the glass plate to flatten the membrane 
by drawing the membrane tighdy against 
the plate. The uction would also draw 
excess epoxy through the holes. The 
plate and membrane could then be 
removed from the vacuum chuck 
because surface tension in the epoxy 
would continue to hold the membrane 
and plate together until they became 
permanendy bonded together by curing 
of the epoxy. 

This work was done by Shouleh Nikzad 
and Michael E. Hoenk of Caltech for NASA's 
Jet Propulsion Laboratory. For further 
infannalion, write in 99 on the TSP Request 
Card. 
NPO-19655 

LIGHT 
MEASUREMENT 
CATALOG 
Inn:mational Ught ollm their larest 
version full-line catalog d=ibing 
light measu.remenr inmumencarion, 
appUcations, and basic concepts of 

RadiometrylPhotomeuy. Many new produas an: introduced 
covering a wide range of UV-VIS-IR applications. All tI'clmi­
cal details such as spearal and spatial tespoll!a, measurement 
ranges. and desaiptions have been either updated. enlarged, or 
expanded in =pe. International Light, Inc.. 17 GI2f Rd.. 
Newbwypon, MA 019504092; (508) 465-5983; Fax (508) 
462-0759; E-mail: ilsales@intllight.com: Internet: http: 
IIwww.ind-lighLcomi 

International Light 
For More Information Write In No. 302 

CD-ROM 
HOLDS BEST 
OF NASA 
TECHNOLOGY 

J8 Dat:l:l!lr1OWla$ T1x NASA T~CD-ROM. conl2ining 
800 previously unpublished NASA soIiw= P"'fP'DSo abotraas 
of 90.000 NASA IIdmicaI n::ports, front pagft and dauns tQ 

mon: than 2800 NASA pam" •• and mono. Sourer code listing. 
fur open: sysrrms, CAD/CAM. aeroopaa: anaIym. tobotiG. and 
mmrials analysis progams. Special Bonus: 5700 NASA Ttch 
Bri4 published ""'" 8 ~ NASA:. QlPS open: ~ a 
$350 val ... if pun:Iwed scpa.cudy. Runs on Wmdaws. Pri<r fur 
a Iimiu:d time SI95. J8 0- 317 Modison Ave.. New Yorl<, 
NY 10017: (212) 490-3999: Iloc (212) 986-7864; E-mail: 
pp000531@in=p.mm 
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NEW PRODUCTS 

Product of the Month 
1500-nm Distributed Feedback Laser 
Hewlett-Packard Co., Dallas, TX, specifies its new 
lSC2500 laser source for operation under ATM stan­
dards at SONET OC48 and TM-I6 speeds of 2.488 
Gb/s. The direcdy modulated distributed feedback 
laser, intended for long-haul telecommunications, 
fiber optic ensors, cable tele\ision, and instrumen­
tation, is capable of di tances greater than 200 km 
over single-mode fiber. With a -20 to +65 ·C operating 
temperature range, it delivers more than +3.8 dBm 
output with slope efficiency adju table to more than 

0.06 mWIrnA. The package includes a photodiode for output monitoring, a thermistor for monitoring 
heatsink temperature, and a Peltier-effect thermoelectric cooler. A heatsink mounting flange is incor­
porated into the indu try-standard 14-pin butterfly package. Price is 1000 in 1000-piece quantities. 

For More Information Write In No. 800 

980-nm Fiber 
Bragg Grating 
3M Special ty Optical 
Fibers, West Haven, 
CT, offers a fiber 
Bragg grating for the 
stabilization of exter­
nal cavity semicon­

ductor pump lasers. When the grating is pigtailed 
to a 980-nm pump laser for erbium-doped fiber 
amplifiers, a small amount of the light is reflected 
back and mixes in the laser's cavity, locking the 
lasing mode to the Bragg wavelength. The grating 
is provided in the center of a 2-m section of 3M 
photosensitive fiber. It has a reflectivity of 2-5 per­
cent and temperature sensitivity of 0.012 nm/"C, 
and is proof-tested to 100 kpsi. 

For More Information Write In No. 802 

High-Speed Digital 
CCD Camera 
Nikon Inc., Melville, 
NY, has added the E2Ns 
to its digital still camera 
series. Its buffer memo­
ry can store up to six 
frames, and it can shoot 

up to 3 frames per second. Its 213-in. 1.3 million 
pixel CCD sensors have a low-pass filter tbat virtual­
ly eliminates RGB moire. The video output plus pre­
view mode uses an analog video output terminal 
(NTSC or PAL) for connection to any 'IV monitor 
equipped with standard input terminals. Its multi­
ple image compression modes include BASIC, NOR­
MAl.., and FINE, as well as un compressed TIFF for 
the highest quality. 

For More Information Write In No. 805 

Color/Monochrome 
Solid-State Imagers 
EleclTim Corp., Prince­
ton, NJ, adds two cam­
eras to its line of solid­
state electronic imag­
ing cameras. The color 
EDCIOOOE enables the 

user to digitize an RGB color image at up to 652 X 

494 pixels with 24-bit color depth. The monochrome 
EDClOooN provides 256 gray scales at 652 X 494-
pixel resolution. The cameras' low-noise (15 elec­
trons per pixel) frame-transfer CCD image sensors 
operate in progressive-scan mode. Pixels are 7.4 
microns square, and data collection rate is up to 2 
MB/ s. Price of the EDCIOOOE is 900 and of the 
EDCIOOON $800. 

For More Information Write In No. 808 
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"Megaresolution" 
Image Analysis 
Camera 
The Motion Analysis 
Systems Division of 
Eastman Kodak Co., 

San Diego, CA, adds the Model 6.3i camera to its Mega­
plus family. The company says the camera, with its 
full-frame CCD sensor array of 3072 (h) X 2048 (v) 
pixels, offers the highest resolution in the family. 
Each 9-1lfII-square pixel has the 100-percent fill fac­
tor common to the Megaplus line. Available in S-bit 
or IO-bit versions, the camera has an aspect ratio of 
3:2, making it suitable, according to Kodak, for LCD 
flat-panel inspections. The rear panel has a connec­
tion for DC power (12-28 V) and an output to drive 
an external strobe unit. 

For More Information Write In No. 803 

Nd:YAG Marking 
System 
Synrad, Mulkiteo, WA, 
has teamed with Power 
Path Technology, Sunny­
vale, CA, to produce a 
compact diode-pumped 
Nd:YAG marking sys­

tem. Intended for applications where space is at 
a premium, the YAG marking kit, which features 
Synrad's SH series marking head, can be set up and 
operating in just a few hours, Synrad says. About 
the size of a small loaf of bread, the unit plugs into 
a conventional I5-A wall outlet, needing no high 
voltages, spedal wiring, or three-phase service. The 
company says the laser can operate virtually main­
tenance-free fOT more than 10,000 hours. 

For More Information Write In No. 806 

'IJIJ 
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Video Interface 
Display 
PC Video Conversion, 
San Jose, CA, offers the 
VlDisplay video interface 
display, a device that en­
ables OEMs and integra­

tors of display systems to how full-motion full­
color television-compatible video on LCD panels 
intended for PC notebook use. The unit accepts 
composite (NTSC, PAL, and SECAM) and Y/C (S­

VHS) inputs, and various interface modules enable 
compatibility with several manufacturers' LCDs. 
VlDisp/ny weighs less than a pound and is less than I 
l i s inch thick, including the panel. The company 
says application areas include military, urveillance, 
multimedia kiosks, and portable displays. 

For More Inf ormation Writ" In No. 809 

www.nasatech.com 

Laser Une 
Projectors 
La iris Ioc., L­

Laurent, Quebec, 
Canada, intro­
duces the LC 
serie laser line 
generators with 
fixed pattern 

neads and factory-set focus adjustment. Features 
include uniform non-Gaussian intensity distri­
bution, an ultrathin line down to 25 pm, over­
temperature and over-voltage protection, electro­
static djscharge protection to more than 000 V, 
and CDRH and IEC compliance. The company 
also cites the series' compact and rugged design 
and low cost. 

For More Information Write In No. 801 

High-Power Laser 
Diode Driver 

ewport Corp., Irvine, 
CA, calls its Model 5405 

effective solution for 
driving high-power con­

tinuous-wave laser diodes. With the 4O-A 5-V output, 
two laser diode may be operated in series. The 
company can supply a complete contra! system 
using one of several high-power laser diode 
mounts. An external modulation input port has a 
3-dB bandwidth of 2.5 kHz, and can be used for 
external voltage control of the output current set­
point. Using a thermopile detector such as New­
port's 818T series, front-facet power can be detect­
ed and displayed in watts. 

For More Information Write In No. 804 

Visible-Beam 
Diode-Pumped 
Solid-State Laser 
Spectra-Physics Lasers, 
Mountain View, CA, of­
fers the l\'lillennia IJTM, 
a 2~watl continuous­
wave diode-pumped 

solid-state (DPSS) laser emitting in the green region 
at 532 nm. The air-cooled system is compact (18" x 
6" x 6") and requires only a 11 O-V or 220-V single­
phase outlet. The device, with a simple linear cavi­
ty, is pumped with the output from a fiber-coupled 
diode laser bar. The company says it is useful for 
semiconductor wafer inspection, disk texturing, 
particle scattering, reprographics, and spec­
troscopy. 

For More Information Write In No. 807 

MXN Fiber 
Optic Array 
Fiberguide Indus­
tries, Stirling, NJ, 
offers custom ultra­
high-precision twO­
dimensional (MxN) 
fiber optic arrays for 

LSI circuits for high-speed electronic switching. 
They consist of single-mode or multimode fibers, or 
combinations of them. Fibers are positioned on a 
customer-specified grid within +/-4 pm, and can be 
placed as close as 150 \lI1l center to center. Arrays can 
be manufactured with as few as 25 or as many as 1000 
fibers, and can be terminated and packaged per cus­
tomer-specified requirements. Individual fibers are 
tagged with array po ition. 

For More Information Write In No. 813 
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continued from page 75 

solution of 4 percent lysozyme and 2 
percent odium chloride, and with 
sodium acetate as a buffer that was 
used to titrate the olution to pH 4.0. A 
drop of this solution was placed in one 
of two hemispherical depre sion on 
an otherwise flat glass microscope 
slide; a drop of an aqueous solution of 
sodium chloride in greater concentra­
tion (to erve as a precipitating solu­
tion) was placed in the other depres­
sion. Then a econd, flat glass micro-
cope slide was placed on top of the 

frr t !ide. along with spacers to main­
tain a gap of 30 pm. 

By capillary action, both solutions 
were dra\'.'Tl from the depres ions and 
spread acro s the plates in the gap. 
Eventually, the two solution met, 
forming a nearly one-dimensional con­
tact front. At this front, protein crystals 
grew by what amounted to an approxi-

~ ---
-= 
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Microscope Slide 

STEP 1: DECANT SALT SOLUTION ONTO 
SLIDE OR PLATE 

STEP 4: INCUBATE 

mately two-dimensional version of 
the e tablished liquid/liquid-diffu ion 
method. The lysozyme cry tals that 
were formed along the from were 
nearly two-dimensional. 

One of the advantages of the small­
gap, parallel-plate configuration is that 
it inhibits the undesired mixing of the 
two solutions that occurs in the older 
three-dimensional version of the liq­
uid/liquid-diffusion method. Another 
advantage of this configuration is that 
it is well-suited for optical ob ervations 
and measurements of rates of growth. 
Yet another advantage is that the thick­
ness of the crystalline protein wafer 
can be chosen to produce desired 
effects; for example, in some cases, 
crystals of higher quality can be 
obtained by making the wafers thinner. 

Because of the predominance of 
capillarity and liquid/liquid diffusion 

~ --;; 

-= 
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STEP 2: DECANT PROTEIN ONTO SLIDE 
OR PLATE 

STEP 5: OBSERVE GROWTH OF CRYSTALS 

in this method, gravitation and bulk 
diffusion exert little or no discernable 
effect on the crystallization process 
and thus their adver e effects on the 
quality of crystals are eliminated. Still 
another advantage of the present 
approach is that it provides an addi­
tional degree of freedom for optimiz­
ing crystallization conditions; for 
example, the parallel plates can be 
coated with films that repel or are pref­
erentially wetted by selected con­
stituents of protein olution. 

This work was Mne by David A. oever 
ofMarshall Space Flight Center. For fur­
ther information, write in 11 on the TSP 
Request Card. 

Inquiries concerning rights for the com­
mercial use of this invention should be 
addressed to the Patent Counsel, Marshall 
SPaceFlight Center; (205) 544-0021. Refer 
to MFS-3J04B. 

~ ex...) ~ 
STEP 3: SANDWICH DROPS BETWEEN 

PLATES WITH A PRESET GAP 

Protein Crystallizes by UquidlLiquid Diffusion between a drop of protein solution and a drop of salt solution between two microscope slides. 
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SMALLEST-TOUGHEST 
MIL Spec Connectors 

• DESC 94031 thru 94046 
& MIL-C-83513 performance 

• Optional RFI/EMI filters 
• Hi-Density .o25/.0125"pitch 

• SMT, Thru-hole, flex ribbon, 
coax terminations 

• COTS alternatives available 
• Complete catalog available 

21644 N. 14th Ave. Phoenix, AZ 85027 
800.242.6266 

On The Internet: www.nanonics.com/catalog/ 

For More Information Write In No. 425 

New on.the~ Market 

Product of the Month 
ational instruments, Austin , TX. has intro­

duced the DAQ Instruments PCI. ISA, and 
PCMCIA instrumentation computer interfaces. 
TI,e DAQScope~, DAQMeter~, and DAQArb~ 
are compatible with Windows NT/ 95/3.1 and 
provide features comparable to standalone 
oscilloscopes. digital multimeters. and wave­
form generators. respectively. They include the 

VlftUalBench~ ope, VmualBench-DMM. and VirruaJBench-Arb ,irruaJ instru­
ments. which work ,,;th application software packages uch as LAb . The 
interfaces allow users to build instruments with Internet connectivity that can 
send E-mail and interface to Microsoft Word and Excel. lnstrument drivers are 
available for use with C/ Ct-t and VISUal Basic. DAQScopes are priced from $995; 
DAQMeter from 695; and DAQArb from $2.995. 

For More Information Write In No. 730 

Modgraph. Woburn, MA, has intro­
duced industrial color monitors in 
15". 17", and 20" sizes, with filtered 
positive-pressure fan<ooling. sheet­
metal construction. Available in 
panel-mount or rack-mount configu­
rations with a choice of resi tive. 
capacitive, or SAW integrated touch­
screens. the displays are auto-scan­
ning with universaJ power supplie 
and resolution from 640 x 480 to 
l600 x 1280. 

Gaska Tape. Elkhart. IN, offers poly­
meric foam tape that resists tempera­
ture extremes, abrasive chemical envi­
ronments. and moisture. Compatible 
with most plastics and synthetic plas­
tic products, the tape is available with 
skin on two sides and with single- or 
double-sided. water- or solvent-based 
adhesives. 

Dolch Computer Systems. Fremont, 
CA. has introduced the Dual 
MegaPAC~ Pro portable instrumen­
tation and test platform eqttipped 
with two 200-MHz Pentium Pro CPUs 
for testing and data acquisition . It 
provides m ulti-taskiog/ m ul ti-thread­
ing power to users requiring multiple 
add-in card lots and drive bays. The 
system accommodates a five-drive, 45-
Gb RAID and/ or up 1O eight 
ISA/ PCI expartSion cards. 
For More Information Write In No. 733 

A family of MIL-STD 1750A and 
1750B microprocessor cores from 
CPU Technology. PleasanlOn, CA. 
offer performances ranges from 5 
DAIS MlP to 50 DAIS M1P for 
processor upgrades or replacemenL 
They include an integrated Memory 
Management Unit (MMU) and can 
be configured to match timing and 
errata of existing parts. 
For More Information Write In No. 734 

Symmetric Research, Kirkland. WA, 
has introduced the DSPA64/ DSPHLF 
o P-based 64<hartnel A/ D data 
acquisition/ processing boards. Fea­
tures include 1 Mb of DSP memory 
buffering, 16 bit A/ D converter. 64-
input channel multiplexer array, and 
138 kHz aggregate sampling rate. 
Connected by a 16<onductor ribbon 
cable. the DSPA64 communicates 
data in serial digital format to the 
DSPHLF card installed in the PC. 

The GM Series gas detection and mon­
itormg systems from Keithley Instru­
ments, QeveJand, OH. detect com­
bustible and toxic gases in concentra­
tions as low as 10 ppb. F'txed system 
diagnostics monitor sensors. pumps, 
and controUers continuously and warn 
of system/ component failure. 
For More Information Write In No. 735 

PFA tubing, tube fittings, and valves 
from the SWAGELO~ Companies. 
Solon, OH. offer corrosion resistance 
to a variety of system media. Tubing is 
available in standard and high-purity 
grades. Thbe fittings include male 
conneclOrs and elbows. unions, tees, 
caps. and plugs. Plug valves pro\ide 
pressure rating of 4.1 bar at 21 "C. 
For More Information Write In No. 737 
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Now you can subscribe to 

NASA Technology 
Today 
the exciting new teaching 
tool for educators and 
parents 

NASA Technology Today's mission is to 
share the excitement, adventure, and 
knowledge of NASA's work with teachers 
and parents for use in the classroom and 
home. Each full-color, illustrated edition 
will be your guide inside NASA, spot­
lighting the agency's major missions, 
launches, science projects, discover­
ies, and technology breakthroughs -
with fun activities for students. Plus, 
you'll learn where and how to take 

advantage of NASA educational resources, 
including special Internet sites, software, videos, and more. 

Subscribe for a full year for the charter rate of U.S. $17.95. Additional copies (addressed to same sub­
scriber) are only $1.00 each ($6.00 additional per year). 
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• Superior to conventional slip rings. Mercotae's liquid 
metal-wetted contacts provide reliability. No electrical 
noise, less than 1 milliohm resistance. 

• Durable, compact, low cost, no maintenance. Ideal for 
computers, instrumentation, thermocouples, strain 
gauges, packaging, heating and control equipment. 

Mercotaclnc. 
6195 Corte del Cedro 
Carl sbad, California 92009 
619431 7723 • Fax619431 0905 
Internet: www.mercotac.com 

For More Information Write In No. 426 

THE WORLD/S SMALLEST 
4-WAV FIBERSCOPE 
IT/'s Smm, 4-way articulating Fiberscope 
gives you access to difficult environments 
never thought possible before. 

• One-handed operation allows equal 
dexterity with left-hand or right. 

• Teflon8-impregnated tungsten braid 
sleeve gives additional protection. 

• Sealed to permit underwater use. 
• Patented over-torque 

mechanism 
reduces accidental 
breakage of 
control wires. 

Learn about the 
scope everyone 
said wasn't 
possible. ITI-The 
Leader in Remote 
Viewing . .if. INSTRUMENT 

TECHNOLOGY, INC. 

84 

P.O. Box 381, Westfield, MA0108&-0381 
Tel: 413·562·3606 ' 413-568-9809 

For More Information Write In No. 427 

Ne:~is/( 

M C/ uperModel aerospace struc· 
ture assembly software from The 
MacNeal chwencller Corp.. Los 
Angeles. CA, enable automatic as­
sembly of airframe. launch vehicle. 
satellite, and engine models. It as­
embles ubmodels into a complete 

supermodel. and automates manage­
ment of the component and assem­
bly models. 

Tanner Research. Pasadena. CA, has 
announced T-Spice Pro Version 4.0 
circuit simulation software for Wtn­

dows 95 and NT for analog and 
mixed-signal IC applications. Fea­
tures include the W-Edit Waveform 
Viewer that allows the user to view 
simulation results as they are gener­
ated; expression plotting; a table­
based imulalOr; and waveform 
smoothing. Pricing starts at 4,495. 
For More Information Write In No. 701 

AGX Corp., Metersoft Divi ion. 
Culver City, CA, offers Metersoft for 
Windows version 3.0 process/indus­
trial metering software for use with 
multiple meters. controUers, coun­
ters, and other measuring devices 
with RS232C or RS485 serial inter­
face for PC connection. Application 
include temperature, pressure. and 
flow monitoring/logging and con­
trol. Configuration. display. creation 
of virtual meters, and data logging 
functions are provided. A four 
channel DOS version costs $195; 4-. 
&-. 16-, and 32<hannel Window ver­
sions co t $295. $395, $695, and 

95. respectively. 
For More Information Write In No. 714 

tat-Ease Corp.. Minneapolis. ~ , 
has released DESIG -EXPER~ 5 sta­
tistical design of experiments soft­
ware for \\rtndo" • which enables 
users to optimize products, process­
es. and tern. It offers a numerical 
optimization function that finds max­
imum desirability for dozen of 
re pon es simultaneously. real-time 
rotatable 3D plots for visualizing 
re pon e urfaces, and interactive 2D 
graphics that allow users to explore 
plot COntOurs. The co t is 995. 
For More Infonnatlon Write In No. 704 

SolidWorks 97 3D mechanical design 
software from SolidWorks Corp., 
Concord. MA. features more than 
175 custom-driven enhancements, 
including assembly and pan model­
ings, sheet metal de ign, more than 
65 new drafting and detailing capa­
bilities, and Internet extensions. The 
Windows/ NT program also feature 
multi-thickne shelling, parting line 
drafts. and enhanced import/expon 
functions. It costs 3.995. 

Version 6.2 of T RI M for Styling 
industrial design software from 
Matra Datavision, Andover, MA, cre­
ates surfaces of any number of sides 
within mu ltiple boundarie . The 
oftware offers real-time quality con­

trol. dynamic reflection , dynamic 
scanning plane. and on- and off-line 
curvature map display. Other fea­
tures include light reflection imula­
tion. advanced sweeping functions. 
and direct sketching on scanned 
images. 
For More ."fOnnatiD" Write In No. 703 

PSS, Chicago. IL. offers eural 
Connection N 2.0 neural network 
computing software for Windows 3.1 
or later. IL features a Bayesian net­
work; model parameters and weights 
that allow users to document results; 
and 17 data management, modeling. 
forecasting, and presentation tools. 
The cost is $995. 
For More Information Write In No. 702 
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Search-Ught
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gage calibration and 
management sorn. .... e from Quality 
Measurement Systems, Macedon, 
NY, enables gage location, inventory, 
usage, and calibration hisLory. The 
WIndows program is available in two 
verslon : System SL for 1 to 1,000 
gages; and System LX for more 
than 1,000 gages. The software 
traCks information needed for ISO 
9000 compliance. 
For Mo ... Information Writ .. In No. 709 

Larson oDa ... is Laboratories, Provo, 
UT, offers RTA Technologies' ENM 
Version 3.06 environmental noise 
prediction software, which calcu­
lates ilie effects of distance, barri­
ers, ground effects, .. ind, and tem­
perature gradients on noise levels. 
The Windows 3.1/95 program fea­
LUres four data-entry and visualiza­
tion modules, up to 1,000 sources 
and multiple receivers, auto batch­
ing, and optional programs for spe­
cial algorir.hms. 
For Mo ... Information Write In No. 710 

Emultek, Herndon, VA, has an­
nounced Rapid 3.5 embedded sys­
tems simulation software, which 
enables the creation of fully func­
tional prototype and simulations of 
embedded products and oilier in­
teracLive systems. Enhancements 
include User Defined Objects 
(UDOs) reusable building blocks 
for creaLing applications, and User 
Defined FWlcLions ( DFs), clusters 
of activitie and conditions grouped 
logeilier Lo sen'e a peciEi fWlcLion, 
and which can be combined .. ith 
UDOs to create customi7ed working 
models. The Window. 3.x/95/ 'T 
program costs $6,000. 
For More Information Write In No. 711 

ATMCS composite 
tooling design soCtware from 
Prescient Technologie ,So lon, ~lA, 
creates autoclave tooling substruc­
tures "iiliin native CAD en,iron­
menLS for automated manufaccure 
of com po i te parts. Il generntes 
four-view drawings and hill of mate­
rial data. calculal.CS 1001 b~ plane . 
and incorporates company-config­
urable design consideraLions in­
cluding 1001 dimen ions and CAD 
layering standards. The program 
operales wiiliin CAnA on UNIX 
workstation . 
For More Information WrIte In No. 706 

ASA Tech BriefS, April 1997 

EPLANIWiechers 8< Parmer, Brook­
field, WI, has announced EPLAN 
21 8 control system design software, 
which includes feacures for auto­
waling project tasks such as wire, 
device, and page numbering; cross 
referencing of devices and polen­
tials; and generating system docu­
mentation. The Windows-compatible 
CAE program is a 32-bil, object-ori­
ented package. 
For More Information Write In No. 712 

ESPRff/X version 9.1 CAM soft­
ware from DP Technology. Cama­
rillo. CA, enables 3D machining, 
advanced milling. and multiple-axiS 
turning operation . The program 
runs on Windows NT, and HP and 
Sun platforms running under 
U IX. It includes imultaneous 5-
ax.is machining capabilities for 
multi-surface machining and z..level 
machining capabilities for high­
speed milling. 
for Mo ... Information Write In No. 713 

Parametric 1< chnology Corp.. Wal­
iliam, MA, has announced Release 
1.1 oC PT /Producb, a suite of design 
and manufacturing sofb.oare !.hat is 
compatible ,,;I.h ProlE, 'ClNEER 
products for \V'mdow NT and 95. 
Included are PT/Mode)er~ 3D solid 
modeling system, PT ' ImporTools • 
for diagnosing and repaning impon­
ed surface data, PT/RenderN, 
PT/UhraryN wiili more ilian 34,500 
fasteners, PT/MillN and PT/Tum

N 

parts-building tools. and ilie PT / 
Developer's Toolkil~. 
For More Information Write In No. 707 

Low cost. compact controller operates on feedback 
from heating element - no sensor required! • Regulates 

up to 3 A at 4.5 to 60 VDC 8 Adjustable setpoint 
• Solid state design • Wire leads or circuit board mount 

Accurate temperature control with minimal space 
requirements & power consumption. LCD's 8 Vehicular 
electronics 8 Medical devices. Miniature components: 
Crystals, inkjet printheads, lasers 8 Scientific apparatus 

MIN CO PRODUCTS, INC. 
7300 Commerce Lane- Minneapolis, MN 55432-3177 U.S.A. 

Telephone: (612) 571-3121- FAX: (612) 571-0927 

For More Information Write In No. 428 

ONE PART SILVER 
CONDUCTIVE 

EPOXY ADHESIVE 
Designed To Your Specifications 

• Highest electrical 
conductivity -

resistivity less than 
0.0001 ohm cm 

• No mixing required 
• Remarkable physical 

strength properties 
• Fast cure above 

250°F • Resists impact, 
vibration and shock 
• Excellent thermal 

conductivity 
• Outstanding water 
and chemical resis­
tance • Convenient 

packaging 

Master Bond Inc. 
Adhesives, Sealants & Coatings 

154 Hobart St., Hackensack, NJ 07601 
Tel : (201) 343-8983 - Fax: (201) 343-2132 

For More Information Write In No. 429 85 



Custom·built 
to solve 

your toughest 
sealing 
problem 

We have devel· 
oped and built over 

3,000 distinctly differ· 
ent types of seals to 

meet a wide range of size 
and configuration requirements for a diversity 

of applications. 
We'll build a custom seal to solve your next 

closure problem. Call or write for design assistance. Illustrated 
literature is available. 

JfA.SE~F~T~~!~~~H~~S~!!~~~!N 
368 MARTINEL DRIVE . KENT, OH 44240·4368 USA 

673·8410 . FAX 673·8242 

For More Information Write In No. 430 

Sorbothane· patented visco­
elastic material absorbs and 
disSipates unwanted energy 
and outperforms rubber and 
other materials by providing: 

• Shock Absorption 
• Vibration Isolation 
• Sound Damping 
• Standard Products 
• Castable Urethanes and Foams 
• Cost-Effective Custom Molding 

Sorbothane is the ultimate damping 
and isolation material 

Free brochure and 
prototype ssnJple. 
330.678.9444 

~anelnc. 
2144 State Route 59, Ken~ Ohio 44240 • tel 330.678.9444 fax 330.678.1303 

www.sorbothane.com 

86 For More Information Write In No. 431 

J6-page catalog of miniature pneu­
matics is available from CompAir 
Pneumati , Kitte!)', ME. Featured 
are 2-, ~, and 4-way miniature valves, 
light-touch push buttons, pneumatic 
timers, two-hand anti-tie-down, pres­
ure swiLChes, pulse generators, and 

pnuematic logic. 

The ProScan line of programmable, 
motorized microscope stages is high­
lighted in a brochure from Prior 
Scientific, Rockland, MA. These 
stages are compatible wi!.h virtually 
all new and existing inverted and 
upright microscopy systems. 
For More Information Write In No. 721 

A four-page brochure from New 
England Electropolishing Co., Fall 
River, MA, features e1ectropolished 
stainless steel parts, and describes 
how Lbe electropolishing process 
removes burrs and improves the sur· 
face finish of parts wiLbout buffing or 
tumbling. 
For More Information Write In No. 722 

E.I.L. Instruments, Hunt Valley, MD, 
has released !.he Test & Measurement 
Handbook & Buyer's Guide, Vol. 9, 
featuring more Lban 450 pages of test 

and measurement equipment. In­
cluded are electrortic test equipment, 
power measurement equipment, cali­
brators, testers, programmers, and 
telecommunications test equipment. 
For More Information Write In No. 723 

Emulation Technology, Santa lara, 
GA, has released a 21 &.page catalog 
of interconnect adapters and acces­
sories. Included are emulator tools, 
logic analyzer/ scope adapters, pro­
grammjng adapters, production/ test 
adapters, debugging acce sories, pro­
totyping adapters, field-<:onfigurable 
adapters, and cu tom adapters. 
For More Information Write In No. 724 

A 32-page catalog of electronic 
switches from SSAC, Baldwinsville, 
NY, features time delay relays, enca?­
sulated timing modu les, universal 
timers, alternating relays, three· 
phase voltage monitors, current sen­
sors, Ijquid level controls, flashers, 
tower and obstruction lighting con­
trols, and accessories. 
For More Information Write In No. 725 

Voltek, Division of Sekisui America 
Corp., Lawrence, MA, offers a 
brochure describing c1osed-<:e11 poly­
olefin foam . Data is provded for !.he 
Volara-, Volextra"', and Minicel­
product groups. 

A 7Q.page catalog from Lapeer 
Manufacruring Co., Lapeer, MI, fea­
tures Knu-Vise clamps, including 
pneumatic, hydraulic, hand, and 
push and pull clamp ; pliers and "C" 

clamps; and accessories. All parts are 
heat-treated. 
For More Information Write In No. 727 
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ar etp ace ToAdvertise - Cal/(212)490-3999 

FiberSitea Fiber-
flS.3_ 

\IeIticII!>IotInIIn& 

9Ptic Level 
Switches 

I<:DIoI 
Inllinsically·safe because there's nn e~ 
IriOty at the probe. Fiber optic cables 
connect with remote, compact 
controUer (sold separatei)'). 
Repeatability is ±O.5 nun 
in water. Polysulfone 
probes olIer compati­
bility In a broad 
range of liquids. 

flS.7 Stri .. 1_ 
caU IOU-free: Mounlln! 

800-321-60~70 GomISensota 

~ 
OnoCowles Road 

e IC' PIIrMIe,CT 
.. T.;, ........ 06062·1198 =- 1!3/ 860 141.3000 

L06S - faX 860141.4244 

For More Information Write In No. 580 

Applied Science LaboratOries 
175 MIddlesex Tpk, Bedford, MA 
tel: 617·275·4000 ASL@A-S-l.cOm 

Easy to use 
Reliable 
Flexible 

Customized 

OFFICIAL NASA VECTOR CAPS 
ailring red, white, :and blue official NASA logo on quaJjty 
wbi~ poplin cap. Only u.s. $9.95 each! Size-adjustable. 
PI~ smd (insert quantity) NASA caps. 
Add shipping and handling charges: 
S5.00 per order (U.S.) 
Tocal.ncloscd (U.S. S only): 

arne ____________ _ 

______ Zip, ______ _ 

Mail payment to: Associued Business Publications, 
Dept. F, 317 Madison Ave. , New York, NY 
10017. For mdit card ortkrr calJ (212) 490-3999. 

FREE! 
130 

Page 
Catalog 

"Optics 
for 

Industry" 
Fr~ 130 page product catalog from Rolyn, 
world's largest supplier of "Off-tha-Shelf" optics. 
24-hour delivery of simple or compound lenses, 
filters, prisms, mirrors, beamsplitters, reticles, 
objectives, eyepieces plus thousands of other 
stock items. Rolyn also supplies custom prod­
ucts and coatings in prototype or production 
quantities. ROL YN OP11CS Co" 706 Arrowgrand 
Circle, Covina, CA 91722-2199, (818)915- 5707, 
FAX (818)915-1379 

For More Information Write In No. 581 

Colorful rendition of orbiting space 
station superimposed dramatically on 
back of black shirt; image of Earth on 
front left side, 100% cotton. 
Adult l or XL Only U.S. 512.95 each! 

Space Coloring Book 
Fun and educational! Easy-to·under­
stand descriptions of spacecraft and 
missions, with drawings for your 
young artist to color. 36 pp. 
54.50 

Add $5.00 for postage. NY residents add 
sales tax to total. Mail payment 
(check/dratt/postal/express order), U.S. 
$ payable to: Associated Business 
Publications to Associated Business 
Publications, Dept. F, 317 Madison Ave, 
New York, NY 10017, U.S.A For credit card 
orders call 1-212-490-3999. 

'\ \'> \ I •• h 111 ... "- \pI" 1'1'17 111111 1I.".lil (It. "111 

The Technology Connection 
To Advertise Call (800) 944-NASA 

Hard. Low Friction Co.tiap. 
DiamoDd.-1.ike NlIlocompotites 

(DyIyn®) .... Tailorabl. 
(electrical, c:oaosioa. optiW) 

Conlace: Donald J. Bray, 
DirectOr o(Technical MarUting 
Advanced R<fracrory 
T <:<:hnologics, Inc. 
(716) 87$-4091 
FAX (716) 875·0106 
E-m1il: an2000@a0l.rom 

"How To OHer Your 
Invention For Sale." 

We han hefged hundreds 01 
inYentOll ami showtd them how 10 
offer Iheir iaventions for !lilt 10 

hlllilllSleS 01 OYlllhe world. 
No cost. fr" Informalion. 

Call 1·100-537·1133. 
Kusl.r SailS Corp., (-47·7, 

F'8III0II1, Ohio 43420, 
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~=.,~~;;.~ Tedtlrieh, P. o. 

Real-time eye & head move­
ment monitoring systems for 
advanced man/machine inter­
face. Applications include 
workstation control, simula­
tion/training, human factors 
& target designation. 

IS CAN, Inc. 
89 Cambridge Street 
Burlington, MA 01803 USA 

Web: www.iscaninc.com 
Email: info@iscaninc.com 
Tel: 617·273-4455 
Fax: 617-273-0076 

For More Information Write In No, 432 
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o Delay ... see full traces on monitor 
while recording 

01l-BoardData Analysis as well as by host 
program 

Patented 1\vin Printhead Design ... 300 dpi 
laser printer resolution for clear, crisp traces 

On-Board Signal Conditioning for voltage, 
temperature, pressure and strain recording 

Front Panel Floppy Drive for personal 
chart and system setups 

Data Capture ... store up to 32 megabytes in 
RAM; 1 gigabyte to internal hard drive; 
stream to external 2 gigabyte drive via SCSI; 
archive to DAr or floppy drive 

8 to 32 Waveform Channels ... plus 32 
events; DC to 20 kHz; chart speeds to 500 
mmlsec 

Record digital data via ethernet, SCSI, 
GPIB, or parallel interfaces 

AstIO-Med;/nc. 
Astro-Med Industrial Park, West Warwick, 
Rhode Island 02893 • Telephone: (401) 828-4000 
Toll Free: 800-343-4039 • Fax: (401) 822-2430 
E-mail: astro-med@astro·med.com 
Web Site: http://www.astro-med.com 
Aslro-Med is fled to J 

Sales and Service Centers throughout the U.s., Canada 
and Europe. Dealers located throughout the 1£'Orld. 

• 

For More Information Write In No.670 



~ 
________ ~~~e~R~e~v~~~~~~~~~~s~. -F~a~t ~ 

Vi ualize your data with 

IDL , the lnuractivl Data 

Languagl, and see resultS in a 

whole new way. 

IDL software's array-oriented 

architecture is designed for 

high-performance processing 

of large, complex data. That's 

why it's the standard in the 

Easily create amazing graph- world's preeminent medical, 

ics with I DL softwa re' military, engineering & sci-

accelerated 3D system. Want ence organizations. IDL is so 

to spin or fly-through a efficient that a few lines of 

surface? 0 problem. Shade IDL can do the job of hun-

and illuminate wim multiple dreds of lines of C or Fortran. 

light sources? And, its object-oriented 

system lets yo u develop 

sophisticated applications 

.... ~·t1UaRllll211 from reusable code modules. 

Analyze data faster Create 
simulations easier Write 
beller applications 
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