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Get Integrated! 
With NEW HiQ® 3.1 

Analyze 
• Powerful built-in analysis libraries 

• Intelligent data import/export wizards 
• HiQ-Scripr programming language 

designed for analysis 
• Interactive Problem-Solver notebooks 
• Add-On analysis toolkits 
• Direct link to Excel data 
• Direct link to LabVIEW for data acquisition 

Visualize 
• Fast OpenGL 30 data visualization 
• Interactive 20 and 30 graphs 
• Engineering and scientific graphs 
• Customizable plots, axes, and legends 
• Colored lighting and transparency 
• Graphical animation 
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• Integrated report generation and analysis 
• Interactive report layout and design 

• Connectivity with Microsoft Office 
• High resolution printing 
• Annotation using embedded 

ActiveX objects 

• OLE Automation interface with 
LabVIEW and Visual Basic 
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... and get the best possible image, 
you will need the Model 9400JR or 
Model 9700XLfrom Folsom Research. 

1280:x1024 
Computer 

Di.splay 

You're looking at the two best autosync video scan converters available anywhere. 
Both can tum your high-resolution desktop work.station, PC or Mac presentations into 
broadcast-quality videos. The 9400JR is built for the same top performance and e,xceUent 
picture quality as our top-of-the-line unit. It is the most affordable true broadcast-quality 
scan converter made. The 9700XL, built for absolute control and flexibility, is the most 
powerful scan converter made. Period. 

!)400JR 
Interlaced and 
Non-lnterlaced- -+----~ 
Sources 

85 KHz Input - --+a 
(lrUe auto~-yoc) 

NfSC'/PAL ____ ____, 
True Broadcast 
Quality 

9 700XL 
FreeRS-232 
Win95/!IT 4.0 - -,---..,~± 
Control Software 

100 KHz lnput 
(true autosync) 

NfSCIPAL ------' 

Loop-fhrn S-Video 
lmage Size and (on BNC & VGA Inputs) (Y/C) 
Position Control Genlockable 

Loop·Thru S-Video RGB/Betacam SDIDJ 
(onBt-.C & VGA Inputs) (VIC) 31.5 KHz CCIR 6ol True Broadcast 

Quality D)namic Pan Genlockable (other custom Option 
and Zoom outputs available) 

SEE US AT SIGGRAPH 
BOOTH # 1757 For More Information Circle No. 652 

To see all of the powerful 
features, call for your free 
denw toda.y. 
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Folsom 
R E S E A R C H 

526 East Bidwell Street 
Folsom, C4 95630-3119 
Tel (916)983-1500 
Fax (916)983-7236 
Email- sales@folsom.com 
http://1vwwfolsom.com 
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What Is Boundless 

&>st /\'ew ProducJ 

novation? 

TechOptimizer Professional Edition is the 
only software product that assists you in the 
conceptual stage of design. This product offers you 
a systematic approach for thinking outside the box 
and generating ne.v solutions without compromise. 

TechOptimizer Professional Edition helps you 
out-think your competition by gujding your thought 
process. This unique software tool helps you to 
correctly state and solve your problems across many 
fields of engineering. 

TechOptimizer Professional Edition allows you to: 
• Speed the development of new products/processes 

• Avoid expensive errors in the early stages of design 

• Enhance inventive ideas ~ expanding your 
knowledge-base 

Software That Invents'" 

Call about our FREE seminars and FREE Demo Disk! 

800-595-5500 www.invention-machine.com 
Tiaoerrtaru ana regis!f;'feo 1raoemar•s llCtucle lr!VenOOr' Macrme. Sottware Tnat Irr.,ns, ilfJO 1ecnoporruer. 
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These empty plastic milk jugs are on their way to 
becoming a lightweight insulation for rescue blan­
kets and clothing. NASA's Ames Research Center 
worked with researchers at S.D. Miller & Associates 
of Flagstaff, AZ, to develop a metal spacecraft insu­
lation using a new honeycomb structure that is 
more efficient than fibers. A commercialized ver­
sion of the insulation, made of the recycled plastic 
Jugs, provides four times the warmth of wool, even 
when wet. For more information, see Mission 
Accomplished on page 20. 

Photo courtesy of NASA Ames 
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Superdraw Ill™ 
All New Finite Element Modeling Software! 
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Down load it at no cost from the Internet at: 

WWW.ALGOR.COM 
Or, order the CD-ROM below. 

r-------------------- --------------------,-:-----~ 
Three ways to order Algor's product information ,9 l ♦ RL liDR 
CD-ROM which includes a trial version of Superdraw Ill, plus: 1 :,., l 

ol lob tests conf,rming AJgor res.ills • More ~;"] R 
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3) Complete this form and fax to: +1 (412) 967-2781 
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Address ___________________ _ 

______ .State/Prov. ___ ZiplPostal Code __ _ City 

Country ________ Telephone ________ _ 

1 Fax _________ E-mail__________ l 
L------------------------------------------------------~ 

Fot More Information Circle No. 609 

When the Engineering 
Has to be R1gh t -

Atgor, Inc. 

150 Beta Drive, Pittsburgh, PA 15238-2932 USA 

Phone: +1 (41 2) 967-2700 

fax. +1 (412)967-2781 

California: (714) 564-o844 

Europe (UK)· +44 (1) (784) 442 246 
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on the cover: 
Data visualization software fl/usrrates com­
plex 2D and 3D fluid flow and heat transfer 
problems. These pressure contours on an 
impeller in a crystallizer were visualized with 
AVS!Express Version 3. 1 from Advanced Visual 
Systems of Waltham, MA The ribbons illus­
trate the flow around the impeller. See New 
on Disk on page 89 for information on this 
and other new software. 

Image courtesy or AEA Technology pie and 
Advanced Visual Systems 
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Design engineers worldwide specify 
ISOLOSS and ISODAMP components to 
reduce shock, v1brauon. r101se and 
excess motion 1n tightly packed 
electromechanteal devices-without 
the sway space requ,red by rubber or 
neoprene ,solators 

Proven in applications. 
Ava1table 1n a vanety of propretary 
formulat10ns - standard configurations, 
or as pan of a rustomdev1sed package -
highi>erformance E-A-A molded compo­
nents can provide the critical d1ffereoce 
for v1nua ly any OEM appl.tealJOn 

• Custom-engineered shock control 
components for hand-held paging and 
telecommunications devices incorporate 
the latest CAO-to-tool technology for 
quick-turnaround prototypes 

• OH-the-shelf 1solatoo mounts eliminate 
accuracy-robbing vibrat10n and reduce dis­
tracting llOlse 1n prec1s100 lab equipment. 

• Cust~esigned components protect 
sensitive electronics and LCD dJSplays in 

portable computer peripherals - enhanc­
ing product rehabd1ty and extending MTBF 
(mear-t time between failures! 

7911 Zionsville Road Phone: 317•692· 1111 
lndlill\aPOlis, lndiitrlil 46268 Fax:317·692·3111 

On-target solutions. 
E-A-R apphcauons engineers combine 
complete diagnostic tools with the 
industry's widest selection of mechani­
cal energy control materials to deliver 
cost-effective solutions that meet tight 
product design cycles. 

let E·A·R help make the differ1KICe in 
your product. eau our Customet Service 
Hot Line, 317-692-3000, for en isolator design 
guide, technical data st-ts, samples-
or to ~ eng.-ing design IIS$istm,ce. 

For MoN tnfonNtlon Clrcle No. 675 

AeaoE-A·R~ 
solution engl,-ing ,~ vibnltlon, 

shod(, noise & cushioning 
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VIDEO TELECONFERENCING 

SUPER VIEWN OFFERS 

Up to 6 real time video windows 

Windows scaleable to full screen 

Optional inputs for FLIR, radar, 
VGA and medical imagers 

Text and graphics overlays on 
video 

Compatibility with all high 
resolution graphics controllers 

Video windowing systems are available ,n 
standalone end board level configurations 

~!~ . ., 
SPECTRUM 

A visual communicalions companyN 
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The Mac ()8 Report 
Number two in a series-the facts about Mac OS 8 

\l.1c OS 8 JS commg.11 will gire }Oll. • 

:tn() millions f other Mac!nlOSfi wrs 
a 1, holl new \\ , of working. 

It v.111 gr,e ·our Apple 
Macmtosh c.omputer (or t r that 
ma.tier, any odlet 

Mac C6 computer of 
)'Ollr choice) a dram, uc new 

look ,and long \\1th all kinds of enhanced carr.i-
mg the lmemel htli11es for 

ltw1ll tan entirely new $13Jld.u-d of po-.,erful 
, a standard the competition can Ir) 

A new way of working 

'J11e moment ,uu start using Mac < is 8, uull fed 

tl1e <lifft!renn ~'Ou11 lind yourseir xcomplbhing mori.: 111 

~ time A mttl11.threaded Finder leL~ ro execute mul­
tiple t:i'lk:i stmLdtancou:il}, :iuch as Lumclung, pplication~ 
and cop11ng files. Mac OS 8 mclrnb I ew mformatwn• 
man;tKeme,u tools, )uch as come.xu1al pop-up menus 
and ~prmg-loaded folders, that l\l\'l'}UU qntkcr ::ind ea.~1er 

access 10 all rour mformat1011 A scalable emlmmnent 
lets )'OU either limit ~our menu and w1nd0\\ options, or 
e:<pand them wh1che\'erworks bdter forrou. A new. 
tliniel\!itonal look make~ the mterface more d} 11amIc 

an<l l.!ll~ng than evet And Mac OS 8 also mdude:, the 
L1lC)t \VS!OllS of Qulc~1irre \\1lh us \PEG llPJ)Ort 

\'er} llecw.sc our ne\\ 

yru through each step 

QUick'run VR and 
Qulckl)ra,.\ 30. 

llo\\ eas, ,~ 11 

to get gomg \\ nh all 
these nev. tedmo 
gi ~ and e:itures? 

fm Once you're up and running, PowerP 
prO\esyourperformance M:ic OS Hts als 

comp-atiblc with all Po\\erPC and 68o40 
........ _,.;... hardware and software. 

A new way of accessing 
the Internet 

lac OS 8 includes'.fCP/IP and PPP Ior ea.'i)·network 
o n odem acass t.tirect from die n1 Ider. )ou get ~ttscape 

w;uof Mtros<it lntemet Explorefarxi lhe Po111tC.1!11 

tworlt And a new Internet Serup A~sistant makes it 
ea-;ier than e\cr ro get on the Net. whethcryoo'n' doing 

t fro homew1th a modem or fromv.orkw1th a high­
connection Personal web sharing is Sla!Xlard. so )OO 

can tum an} Mac inlD 
____ .. ,_,...,..._,......_ 
............. ----..•---·· 
1---­
'l-------
J.--.--·--
-t--
e-.-- .............. 

an Jnternet web ::-tner. 
\nd Java support is 
built 1n. so you can nm 

--------'• -=__,.• Java applications )US! 

they'\\cream otherdcsktopapplication.s. (If you 
enng, \Hndows 95 canl do this.) 

And more advancements 
are on the way 

~ 

ung-a iwn. 

port for the ~ tac I).) 

Al the~ ume, we re also \\orking on an indu:itrud 
strength OS oode11arool Rlmrrod) 1h u ,1il1 offer f ea11.1~ 
such as protected m mon, preempt!\ multitasking and 
li}mm tnc multip.l'Ol"eSSlr Rhapso<l v. ill al,o prmid 
badcwar~ compatibtl1ty so can be sill\: that the vru L 

ma1onl} of }OUT tic OS Jpps w 1tl nm on Rhapsod 
In other \\Ords Appl s I I 

mnorau1 

t5 

11 wwu macos~pp eoom 

•t-d .. npn,1- ______ , 

_, ....... ..- -'"'"--Z,.-
.. lhllQ,t,_.t&p .. -f//WIIC<I 

II 

Pofnteast• 

I 
lrb.'71 J ,Ji gt{ Mac Oo& 
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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 identffy,ng 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 ,n your area. 

NASA Technology Source 
If you need further information about new technologies presented in NASA Tech Briefs, 
request e Technical Support Package (TSP) indica ed at the end of the bnef. If a TSP ls 
not available, the Commercial Technology Office at the NASA field center that sponsored 
the research can provide you with additional information and. 1f applicable. refer you to the 
innovator(s). These centefS are the source of all NASA-developed technology. 

Ames Research Goddard Space Johnson Space LlngleyReseatdl MfflllaU Space 
AlglltCenlef Ctnter ea. AlghlClmer 

Selected techno• Selected techno- Selected techno- Selected techno- Selected techno-
logical strengths; logical strengths: logical strengths: logical streogths: loglC!IJ strengths: 
Fluid Dynamics; Earth and Artificial Aerodynamics; MatenaJs, 
Life Sciences, Planetary fntet Flight System , Manufacturing; 
Earth and Sc,enoe and Humen Matenals; Nondestructive 
Atrnosphenc Missions; UDAR; Compute.- Structures; Evaluation; 
Sciences, Cryogenic Interface; Sensors; Biotechnology; 
Information, Syst ms; Ute Sciences; Measurements; Space 
Communlcatioos, Tracking; Human Space lnfomiation Propulsion; 
and Intelligent Telemetry; Flight Operations; Sciences. Controls and 
Systems; Command. Avionics; Sensors, Dr. Joseph s. Dynamics, 
Human FactOIS. George Alcorn Commun1C8tlons. Heyman Structures; 

Bruce Webbon (301) 286-5810 HankDav,s (804) 864-6006 MICfograv,ty 

(4 t 5) 604-6646 gaJcomOgsfc. (713) 483-()4 7 4 /.s.heyman Proc 1ng, 

bwebbonOmall. nasa.gov hdavlsOgp 101.ftx;. 1arc.nasa.gov HarryCrsh 
arc.nasa.gov nasa.gov (205) 544 ·5419 

Jet Propulsion harry.craftOmsfc. 
Dryden Flight Laboratory Kennedy Space nasa.gov 
Research Center Selected techno- Center Lewis Reseatdl 
Selected techno- logical strengths: Selected techno- c.. 
logical strengths: Near/Oeep- logical strengths; Selected techno- Stennis Space 
Aerodynarmcs; Space M,ssion Environmental logical strengths· Center 
Aeronautics Eng1neenng; Monltonng, Aeropropulslon: Selected techno-
Flight Testing; M!OtOSP8eecrafl; Sensors; Con-oslon Communications; logical strengths. 
Aaropropuls on; Space Pro ectJon: Energy Propulsion 
Fhgh Systems: Communications; Bio-Sciences; Technology; Systems: 
Thermal TeSllng; Informal.ton Process Modeling; High Test/Monitoring; 
Integrated Systems; W011< Planning/ Temperature Remote Sensing; 
Systems Test Remote Sensing; Control; Materials Nonintrusive 
and Validation. Robotics. Meteorology. Research. Instrumentation. 

Lee Duke Merle McKenzKJ Gale Allen Ann Heyward KlrlcSharp 
(805) 258-3802 (818} 354-2577 (407) 867-8035 (216) 433-3484 (607) 688-1929 

dJkeC/oule.dfrf. mer1e.mckenzie0 ga/ea/len-10 ann.o.heywardO ksharpO 
oosa.gov ccmail./pl.nasagov ksc.nasa.gov Jerc.nasagov ssc.nasa.gov 

NASA-Spon orad Commarclal Technology Organizations 
These organizations were established to provide rapid access to NASA and other federal R&D and 
foster collaboration between pub!lc and private sector orgamzations. 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. W~liam Gaska Gary Sera ChnsCobum 
NaUonal Tecbnotogy Center lor Tecll.nology Mid-Continent Great lak.ei Industrial 
Tral!Sfer Center CommerclallzaUon Technology Transfer Technology Transfer 
(800) 878-6882 Massachusetts Center Cenler 

Technology Pa,1( Texas A&M Unrversrty Battelfe Mamon 
{508) 870-0042 (409) 845--8762 Institute 

Ken Dozier (216) 73.4-0094 
Far-West Technology J. Ronald Thornton Lani S. Hummel 
Tramer Center Soulbem Technology Mld-Allanllc Technology 
Umversrty of Southam Appllcation1 Center Appllcatlons Center 
Cahtom1a Unrvers1ty of Florida Unrversrty of Pittsburgh 
(2131743-2353 !904) 462-3913 (412) 383-2500 

NASA ON-LINE: Go o NASA's Commer<:1 Technology Network (CTN) on the World Wide Web a1 
http://nctn.hq.nasa.gov to search NASA technology resources. ind commercialization opportunrtJes, 
and learn about NASA's national network of programs, Ol'gan1Z8tlons, and seMCes dedicated to tech­
nology transfer and commerciafaation. 

~SA Program Offices 
At NASA Headquarters there are 
seven major program offices that 
develop and oversee technology pro-
1ects of potential interest to industry. 
The street address for these strategic 
business units is: NASA Headquarters, 
300 E St. SW, Washington, DC 20546. 

GarlRay 
Small Business 
Innovation Research 
Program (SBIR) & 
Small Business 
Technol09Y Transfer 
Pro9ram (STTR) 
(202) 358-4652 
aayOmail.hq. 
nasa.gov 

Or. Robert Norwood 
Office DI Aeronalllla and 
Space Transportation 
TedlnolOQy (Code R) 
(202) 358-2320 
morwooa@mail.hq. 
nasa.gov 

Philip Hodge 
ONlce ol Space Fllghl 
(Code M) 
(202) 358-1417 
phodge@osfms1 .hq. 
nasa.gov 

Gerald Johnsoo 
Dlllce of Aeronautics 
(Code R) 
(202) 358-4711 
9JohnsonOaeroma1/. 
hq.nasa.gov 

BUI Smith 
Office ol SpaGe Sciences 
(Code S) 
(202) 358-2473 
wsmithCsm.ms.ossa. 
hq.nasa.gov 

Bert Hansen 
Olllca ol Microgravity 
SClence Appllcatlons 
(Code U) 
(202) 358-1958 
bhansenOgm.olmss 
hq.nasa.gov 

Granville Paules 
Olllce of Mission to 
Planet Earth 
(Code Y) 
(202) 358--0 706 
gpaulesOmtpe.hq. 
nasa.gov 

NASA's Buslne 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 

Joe Boeddeker 
Amas Technology 
Commerclallzatlon 
Center 
San Jose, CA 
(408) 557-6799 

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

Ji )'OU era intat8Sled ,o ,nfomw,on, app!ic:aUons. 111d ..vices retabog 10 te and aerial !lal3 ID( EaM ,-ces. con Or. Stan Morain. Ea1h Analymis c.rter, (505) 2TT-3622 
For software developed wrth NASA funding, contact the Computer Software Management and Information Center (COSMIC) at phone (706) 542·3265; Fax-: (706) 542-
4807; E·malt htlp:/lwww.<:OSmlc.uga.edu or aeivlceOcosmlc.uga.edu 
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F OR YEARS AT INLAND PAPf.RtOARO ANO 

PACKAGING, INc·s CORRUGATING MEDIUM MILL 

IN NEWPORT, )NDIANA, A TREACHEROUS STRETCH OF 

WHIT( WATER WAS SENDING BEARINGS TO A 

WATERY GRAVE, CONTINUALLY BATHED N CORROSIVE 

LIQUID, THE 8EARl,._CS ON WIRE RETURN ROI.LS WERE 

FAILINC AT A RATE OF ONE EVERY FOUR MOl,JTHS Tl-¾IS LEO TO 

OAMACE IN THE \lflRE RETURN ROLlS, CAUSING THEM TO 

REQUIRE FREQUENT CHANCING 0UITE AN EXPENSIVE PROBLEM 

THAT.SWHEN ACRACIC TEAM OF TORIUNCTON EM:INEERS WAS 

CALLED IN THEY RECOMMENDED TDC" (THIN DENSE CHROME) 

TO COMBAT THE ltUST· LOVINC ll'HITE WATER.. TDC-COATED BEARINGS 

PROVIDE SUPERIOR PERFORMAWCE AWO RESIST RUST ANO CORROSION, 

tEAl'.INCS ON THEIR WIRE RETURN ROLLS TO PUT 

THEM TO THE TEST 

THE TDC BEARINGS SUCCEEDED FAR IEYONO 

INLANo·s EXPECTATIONS IN FACT, AFTEI\ MOR[ 

THAN THREE YEARS IN SERVICE, THEY.VE YET TO 

REPLACE A SINGLE ONE INLAND IS SO PLEASED 

THAT THEY' RE NOW t;SINC TDC IN THEIR FELT ROLL POSITIONS 

AS YELL. THEY ESTIMATE THAT TORRINGTON TDC SI\VES 

THE MILL OVER $100,000 A YEAR.. 

SETTINC NEW STANDARDS IN IIEARINC PERFORMANCE ANO 

RE.IJAl!IUJY ~ All IN A o,..y·s 'IIQAA FOR THE PEOl'LE AT TC>RAA-ICTON 

We°RE CONTINUALLY DEVELOPING INNOVATIVE SOLUTIONS TO HELP 

OUR CUSTOMERS THRIVE UNDER EVEN THE MOST AOVERSt CO>JDITTONS 

EVEN IN THE HARSHEST ENVIRONMENTS JUST 

\lfHAT INLAND NEEDED THEY INSTALLED TDC 

THE TORRINGTON COMPANY. IM:l..l/OtNCOiURMNG TORRINGT ON 

WHATEVER IT TAKES. WHITE WATER. INGERSOLL-RAND 
wwwtorrmgton com 



Vespel® parts can 
handle some of 

the to~ est jobs. 
• e pa ·---g for 
themselves. 

Everyone knows that Vespel' polyimide parts 
improve performance in severe service applica­
tions by withstanding extreme heat, friction, 
pressure and contamination - with minimal 
or no lubrication. But now manufacturers 
who use Vespel parts in general applica­
tions are beginning to notice improvemen ts 

http://www.dupont.com/enggpolymers/americas 

somewhere else: rhe bottom line. That's because 
the reliability and long life of Yespel parts can 
make them the most cost-effective choice for 
general applications in the long term. 

If your applications require parts that can 
withstand extreme temperatures (-350°F to550°F), 
Vespel should be your first choice. Vespel should 



lnsulators. In pl.asma-arc: 
CUiiing torchrs. Vfiptl 
insukwr.s pr0>ide 

:fll{Xnor SITPn,ctJr and durability 
DI high tanptro/Ures up IO 
sso·F. la.,ting up ro six 
,_.s tmger rhan 
frogile ctramic 
insularon. 

Bearings. 
fn phorocopitf1. 
Vtspel romposite 

idlu gear l11J, bu.things Ol't' 

a COSl·tffecth-e alttrnatilt 
to merol. nie Ver,>tl parts 
pt'Ol·ide ultra•lu.~h 
rtmpaature resistance and 
dinli'nsionai rrobilitJ while 
offenng a !OIi coefficient of 
fric,itm, as wdl as long life 
nithout lubricatioTL 

Bushings. 
lnom:raft 
e11gine 

1'0/le.1. Vespel 
bu.rhing.s withtwnd 
high1rrqutnry 
1'1bro1ion dlf~nng 
and tffero:rtlle111 
stability und lubncity 
DI high tnnperowns. 771,)· also reduu anemb/J tirM. 

also be considered if you have parts that 
rub together, if metal parts are too noisy, 
or if fluid flow needs to be controlled. 

S uperior ~trength and reliability 
aren' t the only ways Vespel can save you 
money. Often, you can consolidate two 
or more existing paru in one Vespel piece. 

Seal Rin~ In tMassernbly 
of 11lltomobilt tnmrmission.s. V~I 
Mal rillgs mluu comb} rq,/acillg 

t.q,ensne m.:10/ rin11s. which con fractwe or 
deform during asstmbly. 'I'M)· a/s() mJJ/Ct 
l<'Qml/11)' CO.SIS b) produclllg a ~r staL 

•

Thnm 
Wamers. 
In/arm 

tTDCtor transmusion.r. 
Vtsptl thnur l>'DShen 

reduce cosu and 
mantifac11mng 
ti- by eliminating 
the ru:ed for 
secondary 
machining. 

Ve~lwashus 
also exhibit liiglr 

perj'Omt1U1ct and 
lo..- 11~ar with limited 
or no lubrication 

Wftll' Stlips. 
In tatik eqwpmenr. 
Ve.rpcl trnler framt 

ei,p 1<·eor <rnp.1 l'('duu rosrs by 
tlimwmng thr need for lubncanon. TIil') 
al5o ,mprm·t te.mle l7IOIUl/octwv1g qllllltty 
b): elinunabn,r oil ro,1101'lination. and 
prcmtk good 1.-t'Or (lllJ 1.:11l{1fro1Ure rdittanu. 

IF YOU WANT TO 
G£TTECHNICAL 

For ,nfOffl\SllOO, 

ca 1·00<>-426·7246. 
Or write. ~t Vesper 

Product lnformabOl't 
Corne ?.O Box 1138. 
Bloomf:eld H Ml 

483lrM138 

Vespel 
OnlybyDuPoot 

And Vespel parts can be direct-formed, 
which eliminates machining costs. 

When you consider how cost-effective 
Vespel parts can be in the long term, it's 
clear that we don 't just make better 
bushings. bearings, washers and seals. 
We make better sense. 

For ~ Information Clrde No. 530 



TSPs Go Digital 
T his month we are introducing an 

exciting new service for our read­
ers. Tech oical Support Packages 
(TSPs), which provide more informa­
tion about the innovations desrribed in 
Lech briefs, now are available on-line al 
the NASA Tech Bnefs web site -
www.oasatecb.com. Simply click on the 

TSP button on the home page and fol­
low the promptS to view and download 
as many packages as you would like al 
no charge (U.S. only). 

This issue's TSPs are "up· now, and 
future issues will be added to create a 
six-monlh rotating inventory. Packages 
from prior issue~ - those dating back 
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POWER 
TOO!S. 

POWER AND FWID MANAGEMENT 
SYSTEMS FROM DAYCO/EASTMAN. 

Dayco Products and 
lmperial Eastman com­
bined to bnng you one of 
the most comprehens1ve 
lines of hydraulic hose, 
coupling.s and accessories 
available today 

The result; the 
newly-consolidated 
Dayco/Eastman Cacalog 
Lncluded are more than 

300 pages of Power and 
Fluid Management sys­
tems, acces.sones and 
cnmplng equipment ln 
an easy-to-use. indexed 
formal 

To order your copy. 
or for the name of your 
nearest Dayco/Easunan 
Power and Flutd 
Management Systems 

distributor, concact. 

Dayco Products, lnc. 
I Prestige Place 
P 0. Box 1004 
Dayton, OH 45401-1004 
Phone: (800) 283-2926 
Fax. (800) 688-4854 
htLp://www.dayco com 

For More Information ClrcS. No. 401 

more Lhan six months - will be 
archi,•ed and available from 'I.he 
National Technolog) Transfer Center 
in ·wheeling. WV. 

You still can receive paper copies of 
TSPs yia standard mail by completing 
the "TSP Order Card" bound in the 
maga1ine. To help reco"er costs, there 
now is a modest 5.00 postage and han­
dling fee for each hard-copy TSP. Use 
the kfree [nformation Request Card~ for 
all other editorial and advertising 
inquiries. For quicker service, use the 
new fax form on page 81. 

Share Your Ideas On-line 

We invite you to explore the many 
other new features of the NASA Ttch 
Britfs web site. For starters, you can sub­
scribe or renew your subscription elec­
cronica.lly, post questioru and share ideas 
in the new on-line Reader Forum, and 
preview highlights of upcoming issues. 
You also can learn about NA5A's nation­
¼ide network of R&D centers and con­
nect to their web sites, search NASA 
patent abstracts, and locate vendors and 
services in I.he "HoL Products" section. 

Moreover, you can get complete 
details about lhe NASA Tech Bmfsc5pon-
ored Technology 2007 conference com­

ing LO Boston 's Hynes Convention 
Center September 22-24, and obtain 
papers from last year's event. 

There's much more Lo come, includ­
ing a "Career Opportunities· section 
where readers will be able to post posi­
t.ions wanted, scan offerings from major 
companies, and get expert advice. 

Please give us your comments and sug­
gestions for the web site and magazine 
when you sign our guest book, the tirsl 
option you will see when you hit the 
home page. Our goal is to make .VASA 
Tedi Briefs as relevanL as possible to your 
needs and interests. I personally read 
every feedback card and on-line com­
ment you send - with I.his goal in mind 
- so please keep them coming. 

Joseph Pramberger 
Publisher 
joe@abpwf.org 

NASA Tec h Bncfs,july 1997 



Tlw 
MATH 

~ 

New release! 

ATLAB®S 
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 onJine 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 

1, find cut more about MAnAB 5, SIMl.lNK 2, ond the new lcolx,x updates, 
ail raw ancl request KP167 to re01!M your free eation ol MAnAB 5 News & Noles. 

http://www.mathworks.com/ntb 

For more irlormation on our Col■ iedioc IS ~AA prcgnrn, visit cu Web site 
at http://www.~ .axn/oem, or cal us d 508-647·7253. 

J\,'ew e,titortdeb11gger simpl1/ie5 
MATLA/1 code dewJopmem 
for a11a~'Sis. algorithm drsign. 
,md system protlltypi11g. 

.\1 An.J.B l~L• you modrl 
complex dnra gniplm1lly. 
Ht-no, Ttghting efr,xt; highlight 
tof'llgTIJpf,yd,11t1. Saum• SOM 

t-.'tw GL'ls in Sig11al Prou"111g 
fodbax 4.0 make signal analysis 

faster 011d awer. 

lla llalllillrb. lilt. • 24 ,_ Pin lliy, lllllili, 11A 01160-l lOO U5A • 11t (SOil '47-7000 • lu (SOii '47-7101 • ..t laO bb.,"" • n,://__.._ 
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NASA NEWS BRIEFS-
Five project teams from NASA's 

Ames Research Center with technolo­
gies deemed to have commercial spin­
off polential to private industry 
recemlv were awarded funding of up 
to 75,000 each under the 
Commercial Technology Projects 
Fund (CTPF) program. 
• The ThermoelectricaJly Cooled 

Diode Laser Spectrometer for a 
13C/ 12C Medical Breath Test (pro­
ject led by Glenn C. Carle) will be 
used in patient breath tests to provide 
medical diagnostic information about 
organs such as the liver and stomach. 

• Environment for Computational In­
telligence (project led by Dr. Silvano 
Colombano) includes several features 
for combining fuzzy control with rein­
forcement learning, a neural necwork 
technology for amomatic learning in 
difficult environments. 

• The Remote Sensing Support for 
Wine-Crape Harvest project (Jed by 
Da,~d L. Peterson) is expected to 
help increase wine production effi­
ciency through improved planning 
and deployment of field-sampling 
personnel. 

• Robotic Neurosurgery Leading to 

Mullimodality Devices fo1 Tis~ue~ 
ldenufication (project kd by Dr. 
Robert W. Mah) will improve diagnos­
tic accuracy and make surgery more 
precise. Robotic neurosurgery also 
could be controlled remote!)•· 

• The \'RML-Based RemoLe Science 
Visualization Tools project (led by Dr. 
Michael H. Sims) will develop a 
remote scieoce visuali£aLion software 
prototype that can run on low-coi.t 
computer workstations, enabling 
widespread use in the science and 
technical communities. 
For more inf Mmation on the CTPF pro­

gram. contact Robert Callaway of Ames 
Rlsearr:h Center at 415-604-0039. 

Tornadoes can strike anywhere at an)• 
time of the day or nighL While I.hose 
that occur during daylighl hours can be 
seen a mile or so away on the ground, 
there often is little or no warning of tor­
nadoes spawned from storms at night. 
Research conducted at NASA's Marshall 
Space Flight Center could make possi­
ble an accuraLe toniado warning S)'Stem 
for homes and communities. 

The Marshall research involved cal­

Dr. Frank Tatom explains the research that has gone into developing his 
seismfr tornado detection and warning system. 

culating turbulent 
pressure fluctuations 
on the surface of the 
space shuttle during 
atmospheric flight. 
The fluctuations pro­
duced noise and 
vibrations inside the 
shuttle. Dr. Frank 
Tatom, prcsidem of 
Engineering Analysis 
of Huntsville, AL, 
completed a scudy 
for 1he Depa, tinem 
of Commerce·s Na• 
tional Oceanic and 
Atmospheric Admin­
istration that used 
the Marshall re­
search, which prompt­
ed Tatom "to exam­
ine the possibility 
that turbulent pres­
sure fluctuations in­
side a tornado in 
contact with the 
ground should pro­
duce seismic waves: 

If these vibrations 

18 www.=tech.com 

can be isolated and identified, a warning 
system for 10m:1doe, in contact with the 
ground - tuned to that frequency 
range and combined with appropriate 
filters - should be feasible, Tatom con­
cluded. He has developed cwo types of 
concept instrument~ using his compa­
ny"s funds: one is a network warning sys­
tem with 20 or more sites that 1\!ould be 
linked to city or county emergeng cen­
ters and wouJd be used in coajunction 
with Doppler radar: the other is a resi­
dential model for homes and workplaces 
that would be linked to a home alann 
system - similar to a smoke detector 
but with a different type of signal to dis­
tinguish between the cwo. 

For more inJormaticn, (Ontacl Bob Lessels 
of Marshall Space Flight Center's 
Technou,gy Tran.sfer Office at 205-544-
6539; Jax: 205-544-3278. 

Johns Hopl,jns University's School of 
Medicine in Baltimore, MD, and 
Applied Physic:. Tedmology of Laurel, 
MD, have teamed with ASA's Johnson 
Space Center to form a new institute to 
sntdy the medical risks and needs of 
people on long-term space missions. 
The National Space Biomedical 
Research lnstit1.1te, led by Baylor School 
of Medicine in Houston, TX, began 
operation on June 1 with a five-year, $50 
million contract thaL could be extended 
to 20 years and $145 million. 

The Institute, sponsored by NASA 
Johnson, will be the focal point of 
NASA-sponsored biomedical research 
for supporting long-term human explo­
ration of space. The work also will 
enhance I.he quality of life on Earth by 
applring advances in human knowledge 
and tt:1.ltnulogy acquire<l (10111 livi11~ 

and working in space. 
Other members of the T n~tit"t11e's con­

sortium are Harvard Medical School 
and the Massachusetrs Institute of 
Technology (MIT), both of Cambridge. 
MA; Morehouse School of Medicine in 
Atlanta, GA; Rice University in Houston, 
TX; and Texas A&M Univer:.ity in 
College Stai.ion, TX. As the Institute's 
sponsor, NASA Johnson will make avail­
able to 1he con~ortium , ASA's expertise 
in biomedical research and space flight 
and the associated facilities and assets 
developed over more than 30 rears of 
human space llighL 

NASA Tech Briel5,July 1997 



for mo" infonnnfivn, n,ntact Bro Halkn­
of Joh"' Hr,pltitjj l '11wm1ty/,\pplied Phynn 
Laboralol) '5 Offiu of Co111municatums a11d 
Puhlir .4ffmn al JOJ-9H-6792; ,-moil: 
bel1.walkl'T@j/Juapl.1'd11. 

Afte1 20 ~ e-llf' ol re earch and dcvel­
opmem, the lil11owr aircraft is poised 10 

entc:r commercial ~en;ce. The bltrotor 
combine, the ,peed and r.inge ol a llar­
boprop airplane with t.hl' \ertkal takeoff 
and landing capabili1, of a helicopter. In 
~f.ty, '-/ASA'~ Ame, Re,ean:h Cemer, 
\\hich manage\ ~ .. \SA\ Short Haul Civil 
Tilt.rot.or program. marked the 20tb 
annher-.._1~ of 1.lw fir..1. flight of Lhe X\'-
15 lih.colOr Re•>'-,lrch Aircraft. 1.he fil"'>I 

proof-of<oncepc ulLrntor aircraft. 
In Jul\' l!ln9. Bell l-lelicoptca· lextron 

of Forth \·\'onh, TX. and Boeing 
Defense and Spare Group's Hclicop1en 
D1\foon in Philadelphia, PA plan to 
conduct 1.he fiN nigh1 of a civilian 
tilu·Olor, the Bell-Boeing 609, a nine­
passenger executive Lran~pon aircraft. 
The world\ firit production tilt.rotor, 
the \'-22 O,prt'}, i, bdng built ,1, a mili­
tary aircraft 1ha1 \\ill carry 24 comba1.­
read, troops. Both the 609 and th<' \'-22 
arc direct descendants of Ull' >.'V-15, 
dndope<l under d joint NASA 'Arm) 
BeU program at Ame~. 

Til1.roto1 technulog) h~ been one of 
1.he most succc,sful aeronautin 
r<.'Scarch programs in NASA hi~1orv, 
according to William J. Snyder, nrnnag­
cr of the .\d,anccd Tiltrotor Tran~port 
Technology Office at Ame~. fhe XY-15 
is still Oving ,11 Bell Heliroptet 
TexLrun's night cen1.er in Arling1011, 
rx. The aarcralt had a 15-)ear career in 
night re!>cuch at Ames bcfon· bciug 
,cnt co Bell in 199-t for furthe1 
n~~earch. 

'\.-\SA .\me\ i, continuing it, \\ork on 
1.he tiltrotor conup1 with studir, on the 
develupml'lll of a -I0-p;1$scnge1 chil 
tihrotor. which 1J1e Department of 
Tramportation ha, judged to be tt·rhni­
eallJ, t:conomicall\, .incl t:mironmcmal-
1, rca~iblc. 

For mor, infor,1,ntio11, c1.111t,u/ ,\Iii:, 
.\Jewhm,u, of \ ~4.liA \ \m,-, Rrv11rrli Crnt,r 
ill 415-60-l-39Ji: ,..mail: mmrwhi11nl')@ 
mml.tm .nnia.~,. 

NA5.-\, rc:prt'sented by :\1J1~hall :>pace 
Flight Cc-mt·r, and I.he National Fir<: 
Proteclion A,wciation (:--:FPA\ haH• 
,igned an agre.:ml"nl to tramfn tech­
nolugie~ dcrhed from the space pro­
gram 10 improve ~fet) for firefighter> 
and 1.hc public. ,\II ten :--:AS.\ field cen-

' \S..\ l('(h BrieI!.,JuJ\ 1\197 

ter, will participate. The i'.'FPA \\ill pro, 
side con:,\1 ltation to support \\Ork 
alrc.idy unden--a) at Marshall wilh 5CV• 

eral fire dcpartrncnb. The project \,ill 
continue through the ,·ear 2002. 

A \\Orking group chaired b\ Chri\ 
Bmmon of Mar,hall ,~;n target ten ~pe· 
cific a, eas for invf\ligation and rc­
\t-arch, including: de\elopmg a ~lnlc· 
mral integrit) monitor 1hat could antic· 
ipate th<' collap$e of 
burning building,; 
de,igning a pcr,onncl 
!orator !l;r:.tem, en• 
abling a cen 1.ral site to 
kno\\ the presence· 
and location of emer­
gency ,ervices pcr,;on­
nd; dr.H·loping a 
\ehicle-mounterl 
transpontlt•r package 
to track vehicle!> ear­
r)ing ha,ardous ma­
terial\; and develop­
ing a vital sign\ moni­
tor and u-ansmiuer to 
be worn by cmer­
genc-y ~crvicc~ pe~on­
nel operating in ex­

treme conditions with 
high hea1, smoke, 
dangerou, chetni• 
cah, ,md ~tre~. 

and Richard H . .'llacNeal for 1he dC\cl­
opmen1. of I.he NAC:,A Stnictur.il 
AnalJsi, (:-/ASTRA.'\) program. The 
award i, ~pomored b,· ~ix prolc•\,innal 
engineering organi7auom,: The Amer­
ican Socicl) of ~lechanical Engineer\, 
tlw ln\titutc of Elenriral and 
Electronic-. Enginl'ers. the Soc1c1, of 
Automotive Engineer,, thl' Society ut 
:"\aul .\rthill'< 1s and \farine En· 

Other produces the 
group ,ee~ to dc,elop 
include ad,,mced rnd· 

tcrial~ for fire suits 
that would prolt•ct 
agains1 exposure to 

The XV-1 S Tilttotor Research Airer a fr made its fif'it fhght 20 ~aB ago at 
the Bell Heltcopter Textron flight test center. tr ,s sr,11 used for research 
flight testing ,nd evaluation of new tiltrotor appJ,c;,t1ons 

bolh h,wirdous chemicals and flash lire,. 
an urban !,Carch and r,·scue emitter 10 be 

wom b} citifl•ns in t:arthquake-prone 
areas: a thermal 'it'n~ing ~)stem for imtaJ­
lation in new comtrnclion Lhat ,,ill 
detect foe, hidden in \\alb and oth<-r 
i1ucce,,1ble areas; a lwlmel that can be 
worn imidt• an encap~ulated ,uit to pro, 
\'ide ht•adH1p information, per,onal 
rnmmunicaUon,, and a conu·ol capabiH· 
ty; and a rt·mole ,t>nsor 10 detcm1ine the 
tempcmtuae of a ~tandang wall withoul 
touching lhe ~urface b) hand. Providing 
on•tlt~pot idcntifit,ilion of unk110\\ n 
materi.11, that ma} pre.em a ha,ard to 
crnergenC) ,enic~ pcl'M>nnel also ii, on 
the lbt of I.he group\ prioritie,. 

For ,mm· informatum, ronta,t Bob I.,1vl1 
of .\larl/111/J's ftrh11olo,::, 'frnmfrr 0/ji<r 111 

205-544-6519; ;ax: 205-544-J2i8. 

Th1: Elmer A. Sperrv A,,ard, recog­
ni1ing a di,tingui,hed engineering con­
tribmion that has advanced the art of 
1.ta11,porwtion, l\a~ presemed recently 
to 1110ma, G. Butler (in rnl'moTiam) 

gincer!>, the American lmLituce of 
Acrona111ics and A.,1.ro11,1utic~. and the 
American Societ} of <.i,il Engineer~. 

Buller, ,111 <·ngmcer at NA!>A\ 
Goddard Sp.1cc Flight Center, was the 
innovator Qf '-,\STRA"- in the 19ti0~. 
.\fac'l;c·al lc.-d hi, cmnpa11y, rlw 
.\lac Ni,.11-Sch\\cntllt•r Corpmauon. in 
progr.imming and 11nplcrncnting thl' 
sofo\.tre for public relea,c. \\ hen 
launched in 1970. '.'l:.\.STRAX in1ro­
duced thou5-and, of cngmt'cr, to a nl'\\ 
dimcn,ion of m,nhem,uical prt·c ision 
111 c,al11a1ing sue:,, in cumplell. ,true• 
turc:,. Tiic: liniu.· c-lc:mcnt anal~,i, tool 
mathematicall} solve!> l.1qi;e, complex 
~tructural analy,is problem~ in engi­
neering di,ciplines mch as tran~pc,rta­
tion, contributing 10 lig!Hl"r anci 
s1.ronger aircraft, ~racec raJt, hip,. and 
car-, . .\fac~c:al-Sclm t'ndlt•r ,c.>rnrcd thl· 
rights to market ,uh~cquem versiom of 
'-:.-\STRA:\ in I 9ti2. 

For morl' irifc,nnatio11 011 1l1t award$, r,,n­

tarl Ann, Burkl"Y of 1Ju, ,\mnil'on ';nrut,r of 
Mul1a11iral £11gmt"J 1.-tS,\lf,) lntrr• 
nalio11al al 112-i0>-8J5i; r-,Mil: l111r/.:f.e,a@ 
flSIIIUtrg. 

l!l 



ccomplished 

NASA's research into the de,·elorr 
ment of lightweight metal insulation 

for spacecraft has Led to a spinorr prod­
uct through the agencr's mall 
Blliiness LnnovaLion Research ( BIR) 
program. Under a Pha)c I SBIR con­
u-act with NASA's Ames Research Cen­
ter, S.O. Miller & A~"ociates. Flag,;r.aff. 
AZ, has developed a new honeycomb 
sLrncture that is more efficient than fibers 
for insulation and will be made from met­
als for high-tempcrawre uses. Plastic 
insulation also can be made from materi­
als such as n:cycled milk botde:;. 

1ltis 
nNtterial is ~ 
times wanner 
titan wool in 

cold and damp 
cond~ 

Working wilh Ames scienlist.s, re­
searchers have creaLed a lightwcighL 
plastic insulation for blankets and 
clothing that is deemed to be better 
than wool. Like wool. the material can 
keep a person warm, even when it is 
wet. Principal im-estigator Steve Miller 
said that "the blankets are better than 

wool or fleece because 
LhC) are non-allergenic 
and they dry [we times 
faster. The new material 
is ab,o four times 
w-.umcr Lhan wool in 
cold and damp condi­
tiom." Miller ~d that 
his company plans to 
work \\ilh ambulance 
companies and Red 
Cross chapters to evalu­
ate lhe use of tl1e blan­
keis. Currently, 250 of 
the blankets are being 
evaluated for use in 
emergencies by Ames' 
Disaster Assistance and 
Rescue Team. 

kThis could be a 
breakthrough material 
for spacecraft insula­
tion," said Dr. Susan 
White, a materials sci­
entist acting as NASA's 
technical representa­
tive for the SBJR con­
tract. Metal honey­
comb insulation used 
on fulurc spacecraft 
could ~ignificantly re­

The fight.weight plastic insulation, when used In clothing, can keep a 
person warm, even when i t is wet, and is non-allergenic. 

duce launch weight and launch costs, 
according to Miller. 

S.D. Miller recently was awarded a 
Phase IL, cwo-year, 600,000 SBIR con-

tract to work with Ames scientists and 
other research institutions to demon­
strate I.he insuJation efficiency of the 
new material to more than 1093°C. In 

keeping with SBCR pro­
gram goals, the new 
insulation technology 
would be commercial­
ized without govern­
ment financial support. 
Production of rescue 
blankets may result in I 5 
new jobs, said Miller, and 
70 new jobs to make the 
spacecraft insulation. 

Incorporating thes.ome honeycomb concept used to manufacture metallk space<raft Insulation (leh), a new rtrveture was 
de1igned for the manufacture of plastlc insulation made of recycled plastic milk jugs. The pla1tic insulation is u1ed in 
rescue blankets (right). 

For mtrre i11jl)n11(Jti<m., 
contact Dr. Susan White 
of NASA Ames at 415-
fi04-6617; ~naiL· whit, 
@mail.arc. nasa.gou; or 
Stroe Miller of S.D. 
Milkr & Associates at 
520-779-2056; ~mail: 
s. miller@jlaglinlc. ann. 
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Backup 64 GB An Hour 1o 1he 
Strongest 1ape E11er Made 

Plug Compatible 
With 

Alliant 
Alpha Micro 

Altos 
Amdahl 
Apollo 
Arfx 

ATl,T 
Ba■lc-4 

Bull 
Concurnnt 
Convergent 

Date O.neral 
Digital 

Gould/Encore 
H1rri1 

Honeywell 
HP 

IBM PC/Compatible 
IBMMldret~1f1w1te 

ICL 
lnte,vraph 
Madnto■II 

McDonNIIDouglle 
Motorola 

NCR 
NeXT 
Novell 
Pertee 
Prime 

Pyramid ....... 
Silicon GraphJcs 

Stntu■ 

Sun 
Tua, IMtnllMlltS 

Unillp 
Ulti1118te 

Weng 
WlndGw■ NT 

~ :N1.: A•va r i 
"' • \-J ----

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 fealures a diamond-like coating for '""C.Y--llfXJOt .. OCff'f.f/J 

• l."irli tp,o 

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 GB at 3 MBS, uncompressed, you can achieve up to 125 GB at 9 MBS 

wtth 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. 
n.~~i{lb, 
,U!!·-•-!llt 

For maximum flexibility, our exclusive Advanced SCSI 
fer2/l<XlJf>1."4 Processor option provides five recording modes- striping, 

mirrorf ng, 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 max1m1ze performance to accomplish bigger backups in 

less time. With the Advanceo 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. 

,._..,..,,, 
lo •Pr,,:,: ........ ., 

1}6,.,,..g1.II, _,_.,...., 
"'i"l</n,:, 

• Uncompressed. CY-8()()() perform;w;e advantageS 
BIB 8V8II mote ,mp<e5Sl'le with data compress,on, 

(757) 833-9000 
r--• ..___✓t 1 ; ~ 1NETICS - .. .. -. . --:.~ ! Li:-i "\. 

111 Cybernetics Way • Yorktown, VA 23693 • Fa1117571 833-9300 



Early space shuttles were plagued by 
the loss of protecti,e tiles during reenuy, 
a serious problem since losing Loo many 
tiles could cause the shutlle to bum up on 
reentn. An in\'estigation by 'ASA\ 
Johnson Space Center detcnnined Lhat 
the glues used to hold the tiles in place 
were modified chemically br reacth e 
gases while the shuttle was in lo\\LEanh 

orbiL New materials "ere te:.led thal 
<.Ol\'ed lhe problem a.nd led lo Flo\,-ing 
Discharge Radical Chemistry (FDRC) 
changes in surface charac1eris1ics. In an 
exclush·e licensing agreement "ith ASA. 
FlowCenix. a biomateriaJs company in 
Webster, TX, commercialized the FDRC 
lechnolog) and its use for trt"ating 1"a1ious 
materials such as porous polymers. 

22 

Announcing a New 40MHz 7x7 Convolver 
Once again, Sumitomo proves itself an innovative leader. 

Take our new IP90C27 advanced convolver. It handles a variety of 
kernel shapes and sizes and is easy to use. The IP90C27 can also 
be cascaded to expand kernel sizes and to handle 16-bit data. 

These other Sumitomo products also offer brilliant hardware 
solutions in a wide range of applications. 

<., HISTOGRAM/PROJECTION PROCESSORS 
<> COLOR ANO GRAYSCALE MEMORY CONTROLLERS 
<> IMAGE ROTATION/ZOOM PROCESSORS 
<> 4ch MULTIPLIER/ACCUMULATOR 
<> LABELING/BLOB ANALYSIS PROCESSORS 
◊ TEMPLATE MATCHING PROCESSOR - ANO MORE 

For detailed specifications and additional information on Sumitomo's 
family of pipeline processors for mage processing and machine vision, 
please contact: 

0 SU rrDMO METALS 
1-800-392-4447 

Palk 80 Wes/ Plaza 1 
3rd Floor 

Saddle Brook, NJ 07(563 
Prone: {20 t) 845.()980 
Fax: (201) 845-5139 

5201 Gresl America Parkway 
Suite320 

Santa aara, CA 95054 
Phone: (408) 982-2503 
Fax: (408) 982-2522 

For More Information Circle No. 432 

Space near Earth L, a vacuum 1.hat con­
tains ox·')'gen and other reacti\'e gases acli­
,-atecl b> the Sun. The,;e gases can be pro­
duced under Eanh conditions but at high 
energy, which has damaging elfecrs to 
polpncr materials. flowCenix's break­
t.hrongh process produced new ~,old" 
reactive gases that modify surfaces 11ith­
out damage. A ga., ~lream flows under low 
pre-.surc through a special reactor in 
FDRC. The reactor's shape and electric 
design enable a large volume of reactive 
atoms or moleculei., called radicals, to 
fonn as gas mo,es through the plasma 
,one. Ille gas cool~ and becomes more 

Dr. Jill Fabricant (right), Presiden t of FlowGen/1<, 
and Dr. Steve Koontz. Director of Research, dis­
cuss how a plasma reactor is used in their FDRC 
proceu, which produces cold reactive gases 
that modify surfaces without damage. 

pure as iL diffuse, away from the zone. 
The gas thorough!}', but gently, modifie~ 
tl1e uJfac~ it touches, turning a simple 
material into a high-tech, high-\'alue­
added componenL 

FlowGenix initially will focus on 
biotechnology applications for disposable 
products lo make and purify DNA. The 
FDRC technology allows DNA syntheis 
supporu. chromaLography media. and 
diagnostic cassettes to be made from inex­
pensive porous intered pol}mer filters, 
whkh can be loaded interstitially for bi~ 
chemical purposes. The productS offer 
greater loading capacities, good climen­
sional stabilit), superior no"· rate.~, less 
reagent uLili:r,ilion, ,ignificamly lower 
cosrs, and design Oexibility. They substan­
tiall, shorten cyde times for biopharma­
ceutical production and de~elopment. 
MarketS for small- and large-scale ~)'llthe­
sis suppons and chromatography prod­
ucts are expectt"d 10 exceed $300 million 
this )t:aT and 900 million by 2001. 

For molt' i,iformatum.. amtart Dr. fill D. 
Fahricant of flnwCmix al 28/-316-1070; 
f'-mnil: jfabnrant@jlowgmix.com; httf,:// 
www.jlowgr>n1x.rcnn. 

"-ASA T .. th Brit-f\,July 1997 



e X C e e n t u a I I 

Take a look at our innovative range of high tech 
consoles and the multiuse 19" rack miracel: 

docobas 
The dacobas modular 
industrial furnishing 
system providtS un­
limited ncxibrlity for 
1ndiv1dual applications. 
Standard modules 
facilitate upgrading and 
future expansion. 

w o r d 

http://www.knuerr.de 

Univcnal application in 
all areas is guaranteed by 
the design of the mrrac:tl 
19" rack for eltttronics: 
a stable lightweight. cost­
efftctive multi~ rack 
system. 

1110RR USA Inc. · 1890 North Voyager Avenue · Simi Valley. CA 93063. Tel. (8 OS) S 26-77 33. Fax (8 OS) S 84--83 71 
1110RR USA &st , 120 Northpoint Court• Blythewood, SC 29016 , Tel. (8 03) 7 86-26 66. Fax (8 OJ) 7 86-24 44 

Fof More lnfom,,atloft CJrcte No. 595 



Reader Forum 
/uod,r Forttrn is devotffl to the thoughts, conarns, questions, and comments of our rea~. If you have a comment, a qw.slion regarding 
a sp,cifu IKhniral prohlnn., or an an.ru.ier lo a qu'-.<.lion that appeared in a m:ml issw, .send your /.,ti.er lo th, address b,/Qw. 

I'm chairman of an agency that ser­
vices consumers who are mentally 
retarded or have a developmental dis­
ability. We employ many of these con­
sumers in a business that refurbishes rail 
car seats. Currently, we have a contract 
to make a permanent impression on 
vinyl seat covers that looks lil~e a sewn 
seam. some equipment we'Ve looked at 
to do the job costs $20,000 or more. We 
need a less costly way to do this. Can 
you refer me to a source that might be 
able to help us? 

Gene Krumm 
Board Chair 
Allegany ARC 
Wellsville, NY 

The March Reader Forum included a 
request from Joseph Hunter for fraaal 
image compression techniques for DOS 
and/or Windows. There are a number of 

techniques and software available. The 
Internet has several news groups dedi­
cated to compression, in which fraaal 
compression is discussed; other Internet 
sites are dedicated to fractal technology. 
There are PC-based code/decode pack­
ages available with source code. I sug­
gest to Mr. Hunter that an Internet 
search be his starting point since there 
are a number of graduate students 
working to develop better algorithms -
direct electronic correspondence with 
them should provide a positive result. 

Harry Hodges 
hhodges@ 
compuserve .com 

The March 1995 issue of NASA Tech 
Briefs featured a reliability engineering 
manual available chrough Lewis Re­
search Center. I purchased the book, 
which has since aided us in saving a $35 

million project by helping us identify and 
measure the eJ/isting system, and recom­
mend appropriate changes. 

Enc Epstein 
Director of Engr., 
CBIS 
Fairfax, VA 

In the May Reader forum, Alan 
Lieberman inquired about a source for 
precision distance measuring equip­
ment. My company, Ultrasonic Arrays 
(425-481-6671), manufactures non-con­
tact, ultrasonic distance and thickness 
measuring equipment suitable for indus­
trial and laboratory environments, and 
which meers Mr. Lieberman's accuracy 
requirements of ~o.0002s•. 

Paula Gardner 
Ultrasonic Arrays 
Woodinville, WA 

Post your letters to Reader Forum on-line at www.nasatech.com or send to: Editor, NASA Ttch B~Js, 317 Madison Ave., 
Suite 1900, New York, NY 10017; Fax: 212-986-7864. Please include your name, company (if applicable), address, and phone 
number or e-mail address. 

ModellR•TA 
Measurement and Control System 

CHINO 
CHINO Works America Inc. 
'IICTCJIAlllSIN!SSPJ.11(-50 S,.V-WAY C,IRSOH.CIU'OAIIIII0>"8 
~.-;I/A~ f4')t3l0-~71111! 

CHINO CORPORATION 
32~ l<I.JtMNO.OlO. IT"8ASH-l<U. TOKYO 173. JIC)llr> 
T£L03...39S6..2'i11 FAX'()3...3Q58.()85 

For More Information Clrde No. 402 r-.ASA Tech Bricfs,July 1997 



"Last night I dreamt of 
a digital scope. With 1 Meg of 
rnernocy. That -worked like an 

analog scope. And it came 
vvith a big plate of nachos." 

Sony, no nachos. 

The HP 54645A oscilloscope 
comes with all the things 
you'd love to have at, your 
fingertips. Except for snacks. 

With BP's exclusive 
MegaZoom technology, our 
scope captures up t.o a million 
points at 200 MSa/s on each of 
its two channels-so you get a 
more detailed picture of your 
complex signal And pan-and­
zoom allows you to zero in 

and analyze areas of particular 
interest. Best of all, it operates 
as easily as an analog scope, 
so you can concentrate on 
your design. And getting home 
to dinner a little earlier. 

To learn more about the 
RP 54645A oscilloscope, call 
HP DIRECl' at l-800-452-4844,• 
Ext. 5277. We'll show you 
how to get more detail for 
your money. 

For More ltlfonnatton CJrde No. &n 

"With HP MegaZoom 
technology, this 
is the first deep­
memory oscillo­
scope lhat's a,s 
easy to use 
as an analog 
scope. And 
equally easy 
on your 
budget . " 

lnt.emet http://www.hp.com/"rnfolbi26 
Faxbaclc: l-800-800-5281, Doc. #11212 

F/,g"I HEWLETT ~ 
11:/!.a PACKARD 



~ i Commercialization Opportunities 

Miniature, mgged and has no mo\'ing parLS. 
(See page 28.) Low-Power Alphatron 

Originally conceived Lo measure pres­
sure oftJ1e Marli.an alOlosphere, mis gas­
pressure gauge can be adopted for use 
on Earth LO measure aunospheric and 
subaono pheric gas pressures in sciemif­
ic and induslrial applications in Lhe 
range of 10' Lo 10' Pa. The gauge is 

Removable, Reusable Handle 
A detachable handle fiu, specially 

designed modular cabineLS. There is 
no need to provide separate handles 
for each cabinet. 
(See page 36.) 
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Mucu MoRE THAN 
A PRETIY PICTlJRE (FRAME) 

Our competitor5 say, "Oh, Cardinars just a picture frame company!" Sure, we 
manufacture picture frames, but that's just one of the many markets where we 
shine. Just take a look at this 6-hole, multi-hollow extrusion piece .. . 

MosT FXTRUl>ERS \\"OLLl)\
1
1' E\l~ \ Ql Ol'L TIii Jon .. . 

They cl.urned it was too difficult to economically manufacture due to its 
difficult shape, varying wall thicknesses. and extensiYe fabricating. 

... Bt I CA1rn1:-.AL cocw, .\.\ll nu, 11 ,1.1.! 
Extruding the complex profile was the easy part. What 
kills our competition is their tremendous cost in 
tooling and the numerous set-ups ... 

F\BRllATED I~ 10 Ml;'lil.TES! 
Our fully automated. mulli-funclional 
fabricating equipment allowed us 
to completely fabricate this 
component in one work 
cell in less than ten 
minutes! THE BIG Fl:\ISH 

Next we applied our 
standard decorative etch 

black anodize-one of over 20 
anodizing colors available. We also 

offer over 60 stock powder coat finishes, 
five 2-step architectural hard coats, plus any 

custom matc~ll with the surface finish of 
your choice. And with our Image Graphics, your 

extrusions can look like any material! 

ALL TlllS FROM \ SINGLE SOURCE . , . 
Extruding, fabricating. finishing--Oh yea, and picture frames­

it's all here at Cardinal, your single source for high-tech 
aluminum extrusions since 1946. Give us a call today. 

For More Information Circle No. 403 

Transverse-Mode Electron-Beam 
Microwave Generator 

This ,-acumn-tube device is superior lO 

a klysll'On in that its operation docs nol 
depend on maintenance of critical volt­
ages, and it can generate a useful amount 
of power at frequencies abo\'e l 00 GHz. 
(See page 44.) 

Improved IBtraviolet-and­
lnfrared Hydrogen-Flame 
Detector 

An impro\'ed detector is not as vulner­
able Lo false alarms as commercial units. 
lt is designed Lo detect small hydrogen 
flames, not the large ones that are lit 
deliberaLely, and tJ1e unit is not readily 
confused by OLher sources of light. 
(See page 49.) 

Heteroepitaxial Growth of 
Monocrystalline Boron Nitride 

A proposed deposition process 
would grow monocrystalline cubic 
boron nitride on silicon carbide films. 
Success of this process may open a 
way for making new high-tempera­
ture, high-power, high-frequency elec­
Lronic devices. 
(See page 65.) 

Making InP Solar Cells From 
Tertiarybutylphosphine 

A much less hazardous substitute for 
phosphine may be used in production 
of lnP films for solar cells. Preliminary 
findings are optimistic and may lead to 
mass production of lnP solar cells. 
(See page 66.) 

First Supersonic Yaw-Vectoring 
Flight for the ACTIVE Program 

Yaw-vectoring flights were recently 
conduned on F-15 aircraft. This design 
could lead to significant performance 
improvemenu in fuLUre aircraft., which 
would include extended range, 
increased maneuverability, reduced 
operating cost, and greater safety. 
(See page 74.) 

Automated 
Microspectrofluorimeter and 
Cell-Culture Apparatus 

All of the instrumentation needed to 
culture cells and examine them ~ con­
tained in one compact package. The 
instrument is designed to operate under 
computer control. 
(See page 82.) 
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We've Taken 
Dynamic 

Measurements To 
An All-Time Low 

It truces a very sensitive accelerometer co measure something that 
hardly :,eems to be moving. 
Fommacely Endevco accelerometers have the accuracy and res, 
olution you need--even if you're workmg in the micro-grange 
or at O Hz. 
We're the only supplier with a complete 
array of advanceJ sensing technologies. So 
you're assured a perfect solution to address 
your specific measurement requirements. 
Yet for all their sens1t1vity at low vibration 
levels and frequencies, these units need 
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no special handling. \Y/e even have 
models for extreme temperatures 
from -55°C to +288°C. So these 
l>eru,o~ keep working when ochers 
would fail. 

And for every Endevco accelerometer there's an ideal 
signal conditioner and low,noisc cable to march-for a 

complete turnkey solution. 
So don't lower your standards by using lesser accelerometers. 
Call Endevco roJay. Ic's the best way co get your pro1cct moving. 
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@ Miniature, Low-Power Alphatron 
This device would fit into a cube of about 1 cm. 
NASA~Jet Propulsion Lo.boratory, Pasadena, California 

A proposed gas-pressure gauge of the 
-aiphatron- type would feature unusual-
ly wide dynamic range, small sire, and 
low power consumption. Conceived for 
measuring the pressure of the Martian 
atmosphere, this gauge could also be 
used on Earth to measure atmospheric 
and subatmospheric gas pressures in 
scientific and industrial apparatus. 

Alpha particle vacuum gauges have 
been out of common use for decades 
due to lack of a practical technology 
compatible with workplace safety stan­
dards. An alpha particle gauge is an ion­
ization-type pressure gauge (more pre­
cisely, a density gauge) in which alpha 
particles (energetic helium nuclei) 
from a radioactive source produce posi­
tive ions in a gas. An electric field is 
imposed on the gas by applying a suit­
able electric potential to a cathode and 
anode, causing the positive ions to drift 
to the cathode and electrons to drift to 
the anode. The ionization current thus 
collected by the cathode is measured 
and taken as an indication of the densi-
ty of the gas (equivalently, the pressure 
of the gas at a given temperature). 

In the proposed miniature alpha 
gauge (5cc figure) the alpha particle 
source would be a smaU piece of an 

Operational-Amplifier 
Integrated Circui1 

Rays 

americium isotope, similar to those 
used in household smoke detectors. 
The source would be covered by a gold 
surface layer to attenuate the alpha par­
ticles co an optimum kinetic energy of 
the order of 1 MeV. The ex source would 
be elecuicaJly grounded and located 
near the center of an annular-disk­
shaped cathode. The cathode would be 
connected to the input pin ofan opera­
tional-amplifier integrated circuit, mak­
ing it possible to measure ion current as 
small as a fraction of a picoampere. 

This Miniature Alphatron would respond linearly to pressures from 1 to 1.000 millibars. 

A cylindrical-cup-shaped anode 
would be placed over the IX. source and 
cathode, and would be held at a positive 
potential. The dimensions of the anode 
mtL~t be chosen, in conjunction wilh 
other design parameters, so that at the 
maximum intended operating gas pres­
sure, the range of the a particles is 
greater than the distance to the anode. 
This is important because, if the a 
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tracks terminate within the active vol­
ume, then the number of ions pro­
duced is independent of pressure, and 
the sensor would no longer function as 
a pres.sure gauge. 

Preliminary experiments and design 
calculations suggest that the ion current 
would be directly proportional to pres­
sure over the range from l to l ,000 mil­
libars ( 10' to 10~ Pa) at standard tem­
perature. Like other alpbatrons, this 
one would oITer the advantages of 
ruggedness and no moving pares. By use 
of surface-mounl hybrid technology, it 
should be possible to fit this alphatron 
within a package of about 1 cm in each 
linear dimension. 

ThiJ work was done by Martin G. 
Buehler, L. Douglas Bel~ and Michael H. 
Hechl of Caltech for NASA's J et Prop ul-

www.nasatech.com 

sion Laboratory. For further injfJrma­
lion, acce.ss the Technical Support Package 
(TSP) free on-line at www.11asatech.com 
under the Physical Sciences category, or 
circle 110. 153 on the TSP Order Card in 
this issu, to reCPivt a ropy by moil ($5 
charge). 

111 accordance with Public Law 96-517, 
the contractor has elated to retain titk to this 
invmtion. Inquiri.e,s concerning rightJ for its 
wmm.ercial use should be addressed w: 

l.Arry Gilbert, Director 
Technology Transfer 
California lnslitu/4 of T«hnology 
Mail Cede 315 - 6 
Pasadena, CA 91125 
(818) 395-3288 

&fer to NP0-19622, volume and nttmber of 
this NASA Tech Briefs issue, and the page 
number. 
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@Micromechanical Oscillating Mass Balance 
Advantages would include compactness and relative simplicity. 
Lynden B. Johnson Space Center, Houston, Texas 

A micromechanical oscillating mass 
balance has been proposed for measur­
ing small amoum.s (with resolution of the 
order of 10.., g) of contaminant material 
deposited on its surface. As in I.be case of 
the commercial quaru-crystal microbal­
ances now used as contamination detec­
tor.;, the coniaminant mass would be 
measured in teams of a small change in 
the frequency of resonance of mechani­
cal oscillations. 

The micromechanical oscillating mass 
balance would include a conduct­
or / dielectric/ conductor laminated 
composite beam with bOlh ends rigidly 
fixed (see figure). Typically, tlle beam 
would be about 3 mm long, 0.1 mm 
wide, and 6 pm thick, though of course 
the dimensions in a specific design 
could differ considerably from these 
represenr.ative values. The beam would 
be fabricated by techniques now used in 
the microelectronics industry and thus 
could be integrated on a silicon chip 
along willl supporting electronic circuit­
ry. The resonant frequency - that b, lhc 
frequency of the fundamental mode of 

,ibration of d1e beam -would 1''Pically 
be a few kilohertz. 

Permanent magnets would be mount­
ed nearby to impose a magnetic 6eld 
acr<>& the beam. An alternating current 
would be driven along one of the con­
ductive Iarers on the beam, so I.hat t.he 
force produced b) the imeraction 
between the currem and the permanent 
magnetic field would $Cl the lxam into 
oscillation al the driving frequency. The 
oscillating motion of the other conduc­
ti,e larer in t11e magnetic field would gen­
erate alternating voltage between the 
ends of the beam in that layer; the ampli­
tude of this oucput voltage could be mea­
sured as an indication of the amplhude of 
vibration. 

During a measurement session, lhe 
output voltage would be measured as a 
function of the driving frequenq~ Lhe res­
onant frequency would be identified as 
that driving frequency at which the out­
put voliage reached its peak value. An 
accwnulation of contaminant ma.')S dur­
ing the time between two measurement 
sessions would manifest itself a." a 

Output Voltage 

decrease in the resonanc frequency. 
Theoretical calculations show that a con­
taminant mass of only 10.;; g would 
decrease the resonant frequency b, about 
I Hz in the typical case. Frequency shifrs 
of these magnitudes are ~ii}' measur­
able by currently available equ.ipment. 

The smallness of the micromechanical 
oscillating mass balance would afford SC\'­

eral distinct advantages over quaru.-c,,-s­
tal microbalances and other related 
devices. The most obvious advamage is 
enhanced ponabUit}, The small size and 
mass of this de,1ce would also contribute 
to its ability to survi,e large vibrations and 
accelerations. Another important ad\'an­
cage pertains to c.bem1al stabilization; 
smallness of size would minimize lhc 
effects of gradients of temperature, while 
smallness of m~ would maximize the 
cffecliYeness with which I.he Lemperalurc 
of the device could be controlled. 
Temperarure control could be accom­
plished easily by mounting this device 
directly on a Peltier de1,ice. 

Anolher ad,,aniagc would lie in rcla­
Livel)' low cost associated with the relative-

ly low driving frequency. Quartz­
crystal microbalances operate at 
frequencies in the megahertz 
range. thereby requiring circuil­
ry more expensive than that 
needed for operation in Ll1c 
kilohertz range. Yet another 
advanLage would lie in the w.e of 
the fundamental mode of ~ibra­
don of the beam. A theoretical 
analysis of t11e performance of a 
beam vibrating in ils f1.mdan1en­
lal mode is easier Lhan is the cor­
responding analr-,is for the 
quaru-crystal microbalance, 
which vibrates in a complex 
transverse mode. 

77ti.s work was don4 U')' David 
A/Jem,r efj ohoson Space Center. 
For Jurlllff injr,rmalum, aa~ss the 
Tedmical Support Packagt (TSP) 
Jrtt on-line a l www.11asatedi.oom 
under II~ Physical Sciences r.aJegoT), 
or cirde 110. 165 on tJu, TSP Order 
Card. in this isSUI' lo rrtnvt a roj,y by 
mail ($5 chargr). 

This inJJention is 011.mtd by 
NASA, and a patmt appluatwn 
has blln ji.lNI. fnquiTits conClrning 
noTle.\'clusive or txd~ /i«nJe for 
its rommerrial dn,e/.o/mlffll .<Jwuld 

The Beam would Be Made To Oscillate by driving an alternating current along the upper conductive layer in the 
presence of the permanent magnetic field The oscillation would be measured by measuring the voltage induced 
in the lower conductive layer. 

be ad4mml to 1114 Patmt Counse~ 
Johmon Space C,niu,r; (713) 483-
4871. &frr to MSC-22569. 
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0 Improved Fillets To Withstand Thermal Shocks 
Some material would be removed to reduce thermal gradients. 
Marshall Space Flight Center, Alabama 

Improved larger-radius lilleis have 
been proposed co help some righL­
angle SLrucLUral joints in turbine 
engines endure thermal shocks that 
occur during rapid healing and cool­
ing. The joints in quesLion could be, 
for example, lhosc berween mrbine­
vane airfoils and Lhe endwalls that 
support the airfoils. 

The problem of tbermaJ shock 
(t.ransienL 1..hermally induced mechan­
ical stress) in joints of 1.his type arises 
for the following reasons: lt is well 
documented that in the absence of 
thermal Lransiems, such ajoim can be 
made more durable by increasing its 

fillet radim 10 reduce concentration 
of mechanical stresses. Unfortunately. 
in the presence of thermal transients, 
the mass added by increasing lbe fillet 
radius sen•cs as a medium that sup­
ports increased local gradients of tem­
peralUre; this causes thermal stresses 
to increase, negating the benefit of 
the larger fillet radius. 

The figure shows represen tative 
sol id- and hollow-airfoil / en dwall 
joints in the baseline, conventional 
larger-fillet-radius (non-thermal­
shock), and proposed larger-fillet­
radius configurations. Jn Lhe pro­
posed configurations, the fillets would 

be enlarged 10 reduce concentration 
of stresse~ as in con,entional practice. 
fn addition, some mass would be 
removed from the back sides opposile 
the fillets. The removal of mass from 
the ,icinicy of the fillets would reduce 
thermal stresses by reducing the gradi­
ents between the typically higher tem­
peratures aJong the sides of the air­
foils and the typicall)' lower mass-aver­
age temperatures of the fillet regions. 

This u1<lrii w11S done by Dona/a E. Paulus 
of Unittd Ttrhnowgits Pratt & Whitney /or 
Marshall Space Flight Center. No furtMr 
dorumn11ation is availnbl.t. 
MFS-28943 
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Removal of Mass from back sides opposite fillets would increase thermal-shock endurance by decreasing thermal gradients. 
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0 Thermostatic Valve for Low-Pressure-Drop Flows of Gas 
Hot and cold inlet flows are mixed to obtain intermediate temperature at the outlet. 
john F. Kennedy Space Center, Florida 

A thennostatic bypass dherter valw 
mixe~ hot and cold inlet flows of a ga,­
to obtain an ouLlet flow at an approxi­
mate!)' const.ant intermediate tempera­
rnre. The vaJ,e ( ee figure ) includes 
sloLlike inleu. and a nag mourlled on a 
bimetallic strip. The flag can I block 
either or both inlet(s) to various 
degrees, thereby altering the propor­
tion· of ente1ing hot and cold now~. 
The degrees of blockage of the inlets 
depend on the bend of the bimetallic 
trip; chis bend, in turn, depends on 

temperature. 
The valve is imendcd for use in a sys­

tem in whic-h the prcS5ttre drops else• 
where along the relevant flow paths 
are low. IL is anticipated that neither 
J OD-percent cold now nor I 00-percem 
hot flow would ever be needed in Lhis 
system. Therefore, leakage of either 
Lhe hot or the cold now through a 
nominally Lotall)' blotled inlt:t is not 
of concern, and the valve can be 
designed with generous clearances 
while still restricting the in let flows 
enough to obtain the desired control. 
Large clearances can be utilized to 
reduce lricLion and drag, which could 
cause binding. 

AL the tim e of reporting Lhc infonna­
tion for this article, the valve had not 
yc1 been tcs1ed for ~ensitivity 10 vibr,i­
lion. Should the valve prove sern.iuvl' to 
vibration in its operational en\iron­
mem, the mass of the flag and/ or the 
bimetallic strip can be adjusted to 
avoid resonance, and/ or lhe parts adja­
cent to the cleardnce gaps could be 
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This Valve Mixes hot and cold inlet flows of gas. The temperature-sensitive bend of the bimetallic 
strip determines the mixing proportions and thus the temperature of the outlet flow. 

coated with polytetra1luoroeL11ylene or 
a similar maLetial to provide limited 
frictional damping. 

This work was clone by Paul F. Berg of 
Unitrd Technologits Cmp. for Kennedy 
Space Center. No further dommentation 

is nvailablt. 
J11qwries conami11g rights for tl,r com­

merrial ust of this invrntion Jl10uld be 
adflr-essed to the Pa/mt Counsel, KmntdJ 
Space Genter; (407) 867-2544. 
&/n-tol<.SC-11871. 

0 Optically Controlled Micro valves for Microfluid.ic Devices 
These valves would be actuated remotely, without external electrical connections. 

NASAs Jet Propulsion Laboratory, Pasadena, California 

Optically controlled mic-ro .. -alves have 
been proposed for use in microfluidic 
devices. These microvalves would be 
actuated remotelr via the photoactua­
uon effect that occurs in the ferroclec­
tric / piezoelenric material lead lan­
thanum zirconatc tiUU1alc (PLZT). 

Micro"ahes are needed in biomed­
ical, mkrochemkal, microirrigalion, 
microspacecraft, and microaviooic~ 
applicatiom. Vl'ith miniaturization. it 
becomes desirable 10 eliminate the 
extra baggage of peripheral electronic 
controls and umbilical cords thaL are 
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customaril} U:,Cd in l"emotely control­
ling valves equipped with electricallr 
driven actuators. The elimination of 
eleCLricaJ connections is especially 
imporcant where Lhere i~ a need for 
electrical isolation for safety. for ei<am­
plc, in biomedical applicationi, that 
involve lhe delivery of insulin or the 
control of flows in artificial organs. 
Photoactuation is Lhus an attractive 
option foT such application!-. 

The basic principle of photoaclUa­
tion by use of PLZT was demibed in 
-Thin-film, LighL-Energtzed Bimorph 

Micromech::mical Acl\lalors" ( P0-
19607). J\'ASA ud1 Briefs, Vol. 20, No. 8 
(Augu~t 1996) , page l la. The actuator 
in a microvalve of the proposed type 
would be made largely of PLZT, which 
could be either free-standing or formed 
on a t.hin substraLe of Si, Si5N4, or other 
suirable material. The figure shows a 
proposed microvalve acLuated by a 1wo­
layer (PLZT/ Si, N,) diaphragm. Inci­
dent light would cause the diaphragm 
to bend down in the middle, closing the 
,aJve; a similar microvalve could also be 
configured so that Illumination would 
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VALVEOPEH 

IPlZT L.ayei 

VALVE CLOSED 

DETAIL SHOWING LAYERS IN DIAPHRAGM 

This Microvalve Would Close when Illuminated from the top. The diaphragm would function as a 
photoactuator by virtue of the ferroelectridpiezoelectric effect in PLZT. 

~ Removable, Reusable Handle 
The hand.le can be attached and detached quickly and easily. 
Lyndon B. Johnson Space Center; Houston, Texas 

A detachable handle fies specially 
designed modular equipment cabineLS. 
There is no need to pr011de each cabinet 
1\lith its own handle: weight is thus saved 
and a streamlined cabinet surface is pre­
served. The handle C-dl1 be installed and 
remo1·ed with only one hand. IL can be 
used quickl), il'i sr:ate is unambiguous. and 
its opemtion is reliable. 

The handle mates with a b-~platc that 
is bolt<.."CI to a lace ofa cabinet. A human or 
robotic operator first insens a stub that 
protmdes from lite handJe imo a posi­
tioning recepracle on the baseplate, then 
tums the handle 90° clockwise. so that 
interlocking conical ~urrace~ or the ~wb 
and receptacle slide into contaet. TI1e 
operator pushes a locking button within 
the reach of a thumb on the handgrip rail 
on the handle. This action causes a pin to 

Receptacle 1n 

Baseplate 
Baseplate 

HANDLE SEPARATED FROM BASEPLATE 

protrude from the sLUb inco a hole in the 
receptacle in che baseplate, thereby lock­
ing the handle to d1e baseplate and cabi­
net. 

To remove the handle, Che operator 
pushes a releasing bunon near the base­
plate. The releasing button is placed fM 

enough from the locking button that the 
releasing buuon is unlikely to be pushed 
accidenraJly. The operator rotates the han­
d le 90° counterclockwise and can then 
extract lhe handle Crom the baseplate. 
Even if lhe release button were pushed 
inadvenenl.ly, I.he handle would still have 
to be rotated 90° to be released fully. 
l na(JT!uch as only one of the two buuons 

can prorrude at any lime, the user can eas­
ily see the srate oflocklng. 

Thu wu,lc was d()IIP IJJ Robert P. Nespodzo.nj, 
Jr., of HoneJwtll., Inc., Jrn Johnson Space 

Locking 
Button 

\ 

HANDLE PLACED ON BASEPLATE BUT 
NOTTURNEO INTO LOCKJNG POSmON 

cause the \'alve to open. Such ,-ahei, 
could be actuated by pulses of light to 
obtain pulses offlow and/ or pressure in 
lhe fluids to be controlled. 

The proposed microvalves would be 
made br micromachining techniques 
like those used to make verv-large-scale 
integrated (VLSI) circuitS, and could be 
embedded in VLSI w-tlfers. They could 
be readily tailored to suit for specific 
applications. They could be produced 
in batches and could be inexpensive 
enough to be regarded as expendable. 

This work uoa.i iu:me by Sarita 77ialuxrr and 
T""1 Co/,. of Cnlud1 f&r NASA's Jet 

Propulsion Laboratory. For further infor­
maJum, a«ess tht Tl'Chni<al Support Package 
(TSP) free on-line at www.na.satech. 
oom m1der thl' M«ha11ics categury; or circle 
no. 147 on tht TSP Order Card i11 this issul'lo 
T!Tffll<' a copy by mail ($.S clw.rgr). 
,VP()../ 9661 

Center. For fu:rtl/6 infrmnation, aa.ess tlr.t 
1edmiral Support Package (TSP) free DTHine 
at wwumasa/ech.com undtr LIU! Mecl1a11u:s 
ral.tf!Jry, or circle no. I 63 an /lit TSP Ordtr 
Card 111 flus 1.mu to m-~11t a C"f!Y l7j mail ($5 
dwrgr). 

Title lo this invmlion has been waived unlkr 
tlu, prwisi.ons of tk NatilmaJ AtrlmauLirs and 
Spau Ad (42 U.S.C. 2457(/)J, to HoneJwtll, 
Inc. lnquirus cb11urnmg lianslS for its a,m­
,Tlffl'ial droelnpmcnt slwuld be addressed. to: 

Mr. !um Cham/)ion 
Hmie:,wtli, Inc. 
SaJellit.e System Operatilms 
PO Box 52199 
PJwmix, AZ 85071,2199 
(602) 4]61980 

Rl!ftr /() MSG22126. volume a11d numbtr of 
tliis 1ASA Tech Briefs issue, and the page 
number. 

HANDLE IN LOCKING PosmoN 
ON BASEPLATE 

The Installation or Removal of the Handle involves both rotation and pushing a button - the lock button for installation and the release button for 
removal. Rotation i$ dockwise for ini1allation. countercl0<kwise for removal. 
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THINGS THAT SEEM TO LAST AN ETERNITY 

a. Fmitcake 

b. Root ca,ial 

c. Opera 

d. Parts lubricated with KrytoX-

Wby do components with DuPont K.rytox• last pracricalJy 
forever? 

For starters, Krytox• lubricants are based on excJu1ive 
spare-age fluoropolymer technology. Available in oil, grease and 
dry film. l<Jytox• provides long-lasting lubrication over the 
broadest range of temperatures (-70.F to 650 F) in even the 
most extreme conditions. Krytox· is also compatible with metals, 
elastomers, engineering plastics - and all chemicals including 
oxygen - which means it's nonflammable, chemically inert. and 
insoluble in solvents and water. It's clean, white. and it stays 

http://wwwJubricants.dupont.com 

put, with virtually no change in physical properties over rime. 
And if you· re looking for a clean solution to I.he assembly and 

operation of moving parts. try easy-to-apply Krytol( dry film. 
Whether your application is automotive, aerospace, small 

mowrs, paper making or chemical processing, you just can't get 
a longer-lasting lubricant lhan Krytox . For more information, 
call 1-800-424-7502. Krytox•. 
Lubrication beyond your 
highest expectations. 

K.rytox 
pcriinnanl-e ~1bncimt., 

For Mor9 llnformatlon Clrde No. 662 



I $ Mechanical Components 

Comair Roucoo, San 
Ysidro, CA, offers Lhe Dip­
lomat• DC 7.5" motorized 
impeller, which operales 
al !30 CfM and uses 
brushless DC motor tech­
nology. h is mailable with 
lhe ThermaPro-V"' forced 
convection cooling tech­
nology that allows lhe UMr 

to program it to adjust 
speed wilh temperature, 
set the speed desired, or 
maintain a constant speed 
when voltage ,ruies. 

The impeller operates at 12, 24. and 48 VDC and can be u.~ed for 
pressurization or evacuation of enclosures in computers, peripherals, 
and filtering. Options include an inlet ring, fan performance sensors, 
ball bearing construction, tachometer oucpm for failure sensing, and 
hamess assemblies. 

for More Information Circle No. 723 

Penn Engineering & 
Manufacturing Corp., 
Danboro, PA, offers 
l)'pe PF I 1"" panel f-as.. 
teners, which enable 
quick assembly and 
panel removal. and 
eliminate lhe need for 
loose hardware. The 
PEM• self-clinching 
panel fastener assem­
blies feature a large 
knurled knob ·with a 
combination slot/ 
Phillip$ drive for fin­
ger or tool operation. 

The shoulder fea• 

cure provides a positive stop when the fastener installs in the sheet. 
Toe assemblies are available in thread sizes #440 through #8-32 and 
M3 and M4. They are available wit.ha black finish. 

For More Information Circle No. 725 

Toe HN series Rf connectors 
from Tru-Connecwr Corp., 
Peabody. MA, are made of 
brass wilh a sil\'er or nickel Ein­
illh, and silver- or gold-plated 
brass, phosphor-bronze, or 
beryllium-copper center con­
ductors. TI1ey feature Tenon 
dielecu-ic interlaces and long 
rlielectric creep paths. and 
incorporate 3/4"-20 couplings. 
The connec1ors handle up to 
5,000 volLS, pro,ide 50 ohms 
impedance, and opt:rate over a 
0 to 4 Chz frequency range. 
Designed to fit cables from 
0.195" LO 0.94-5" OD, lhey are 
available as straight-t.hrough 

and right-angle plugs, jacks, plug receptacles, and as in-series and 
between-series adapters. 

For More Information Circle No. 729 

The SSW201 Series notH:ootact 
speed switch from OMEGA 
Engineenng. Stamford, CT. com­
bines lhe function of a proximity 
~"\\itch "ilh a timing network for 
motion control of rotating 
machinery. The S\1itch features 
adjustable high• or IO\\'-Speed set­
points and incorporates a power­
up time dela} that allows the 
detected object to accelerate 10 

normal operating <peed when the 
5',itcb is used as a low alann. 

TI,e switch is in a 1100-conduc­
Live state below, and conducts 
above t.he predetermined secpoinL 
It is ,wailable in low and high fre­
quency ranges, and is suitable for 
use in dirty, humid, oily, and dusty 
applications. 

for More Information Circle No. 724 

Thomson Saginaw, 
Saginaw, MI. offers 
metric ball screw 
assemblies that meet 
ISO Class,-5 precbion 
of 25 11m/ 300mm 
(0.00 1 in/ ft). The 
assemblie~ are avail­
able in 96 styles and 
configurations. in 
preloaded and non• 
preloaded versions 
ranging from 12 x 5 
LO 50 x 50 (diameter 

mm x lead mm) . End-flanged, cemer-Oanged, and cylindrical nut 
configurations are offered. 

Suited for replacing acme-screw and ht-draulic and pneu,matic actu­
ators, the ball screws feature low power consumption, quiet opera­
tion. and positioning accuracy and repeatabiliiy. 

For More Information Circle No. 728 

Sout.hco, Concordville, PA. has 
introduced the Rotary Action 
draw latch, which operates like 
a standard draw larch. drawing 
two panels toget.her with over­
center clamping force. The 
latch is available in two Sl)ies: a 
concealed ~pring-loaded ver• 
sion and a fixed anchor plate 
ve"'ion. The concealed spring­
loaded version compensates for 
mounting-hole irregularities, 
panel variations, and gasket set. 
and absorbs shock and ,ibra· 
tion to reduce rattling. 

A lift and twist action opens 
the latches, pre1enting a latch from mapping open. Both versions are 
a,ailable in a stainless steel fmish for indoor/outdoor applications, 
and a steel fim~h \\ith black powder coating. which offer, 4-00 hoUB 
of UV prolt.>t:tion. 

For More Information Circle No. 731 
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Monkey 
On)!OUr 
back#31: 
How to find 
a UNIX. 
IYOl'kstation 
1118tloves 
running 
WindowsNT: 

L11lil no", purchasing a "orl.slalion re­

quired you to choose between L \I\ and 

\\indo"s :\T. Thanks to the new DlGITill 

Personal \lorkstalion au-Series. that's 

no longer the cat.e. It's the on!) ruse "ork­

slal ion that truly runs both L~n and 

Windous '\T. \\hich means if )Ou're 

currenlly using LNt\, ) ou can easil) migrale 

lo \Yindo,H /'\T. "helher you wunt to do i1 

a yeor from now or this arternoon. And 

DJriffAL Pmonal 
llllrl..<laUOn 

/or II 11,;J,,u· ., ., 1 
and I .\f\ 

f.lloltYq/ 
f lJ\IH:..100.lflhulld 000.1111: 

◄lpha 11164 pm«uflf'J 

£<.< .• ,f)M H ,,.,,,,,,,,. 
IJ.lM/J LJ 1:1t1tl!L 

J !'Cl 1lou (] PU, J PC//1-.A.J 

Dlliff◄J, Pou..-r,,1urm• 
JD Grc1ph1cs. ilccr/Pro .,mr•. 
\/<Jtro.r \f1/lt11nium Gruphrn 

mamaama~ 
Whatever It takes:-

not onl) does th e [)JG ITALl 

Per~onal \\orbtation dramati­

call)' reduce )Our purcha~e, 

support and migration costs, 

but at speeds up to 600.'.\ lllz, it's 

the fai,tesl worb.stalion )OU can 

bu), What's more, the IJIGITAL 

Personal Workstation runs oil 

major !;~I\ and \\ iodows \T 

applications Loda}. So the choice 

is clear: if you wam a worksta­

tion U1al lives )Oil the best of 

both worlds, lhe ne~, DrGln.L 

Per!>Onol Worlu.tation is the one 

you're sure Lo Jove. for rn«e 

Information, or to learn more 

about our free 2.1 GB disk 

offer, call UOO-OIGITAL and 

ask for a workstation apec;lallat or visit 

www.workatatlon.dlCltaJ.c;om. -D t ~ "II~, • ., '(WTA,..,4,-(M "T'-'. • ........_,.,.._ .. ..........,, . .....,.. ..... -~-..-. ..... ......_. ..... , ..... ~( ....... 
eo,,..-. LHX•• .......... ~"'l'IIIUl!illill.__,.._ ...... .._....., --...,.....__x.-.,._o.,o.,. LIii .,.....,.tl'f••.......,....,.•..,.,__.. 
C..-...11 .. UlrdW _.,. 

Fo, Mon Information Clrde No. 533 



I $ Mechanical Components 

EPI Teflon seals and bearings 
from Engineering Pla)liCs, 
Westboro, MA, can be cold­
molded and machined with user­
specific compositions. The scais, 
seals, and bearings are made 
from virgin PTFE and PTFM 
Teflon with pigments for color­
cod.ing. They can be produced 
in sizes from 3/ 8• to 60" in diam­
eter. in shapes including V-ring, 
U-ring. split•, cup-, and lip-seals. 

The components are chemi­
cally inen and moisLUre resiS­
tam. Tbey can be mineral.filled 
for steam resist.ince, gluwi lied 
in varying percentages for long 

"'ear and stiffness, and bronze.filled for self-lubricating bearing appli­
cations requiring strength and lubricity. The components are prer 
duced in prototype to production quantities. 

For More Information Circle No. 721 

Weber Knapp, 
Jamestown, NY, 
has intr0duced a 
line of s pring­
counte rbalanced 
hinges for con­
t.rolled lifting, 
holding, and clolr 
ing forces. They 
hold loads in an 
inliniLe number 
of positions, and 
prevent unassist-
ed closing of Lids, 

doors, hoods, hatches, and movable and articulating arms. 
The hinges are temperature-resistant and combine the func­

tions of a hinge with position control capabilities. They are com­
pact and can be used as an alternative LO position control devices 
such a~ crank.s, gas cylinders, torsion bars. and electric motors. 

For More Information Circle No. 722 

ControlAir, Amherst, 
NH, has ini.roduced the 
Ultra line of linear air 
cylinders for applications 
requiring precise force 
response to small pres­
sure variations. The cylin­
ders combine a rolling 
diaphragm seal, a hard­
ened steel shaft, and 

Thomson Class A linear ball bearings. They are available in stroke 
ranges from 0.7 to 6.0" and operate at plant air supply pressures 
to 145 psi. Cw.tom diaphragm materials allow operation at tem­
peramres from .75•F to Hoo•F. 

Applications include thread tensioning/ positioning, controlled 
d amping force , polishing and grinding machinery, and precision 
actuation. Universal , foot. and clevis bracket mounting options 
are available, as well as a va.riety or diaphragm ma1erials, springs, 
and bearings. 

For More Information Circle No. 730 

E-Switcb, Brooklyn 
Park, M}l, offers the 
600 Serie! slide 
switches available in 
gold or silver contacts 
wich a choice of PC 
board footprints to 
accommodate many 
design layouts. Silver 
con tacts are rated at 
4A at 120V; gold coo­
tactS provide a rating 
of0.4VA maximum at 
20V maximum. 

Multiple actuator options, including right angle, reces.sed, and 
extended actuator versions, can be specified in SPOT or DPDT con­
figurations. Applications include electronics, automotive, appliances, 
medical equipment, test and measurement equipment, and telecom­
munications. 

For More Information Circle No. 720 

Bayside Controls, 
Port Washington, 
NY, offers stainless 
steel gearbeads with 
Sc:rvoMoum"' design 
that allows mounting 
to any mo1or. The 
pinion is pre-mount­
ed in the gearhead 
housing with a Boat­
ing bearing that 
automatically com­
pensates for motor 
shaft runou1 or mis• 
alignment. 

Fearures include corrosion-resistant stainless s1eel housing, FDA· 
approved FM grea:.e and s1ajnJess steel gearing, round housing 
design, an d a housing sealed to lP65 Standard for protection 
against internal contamination. 

For More Information Circle No. 726 

The WhisperDrive gear­
head from Cone Drive 
Textron, Traverse Ciiy, Ml, 
is wear-compensating, 
enabling zero backlash to 

be maintained without the 
need for adjustment for 
the life of the servo sys­
tem. It is lightweight, com­
pact, and pro,ides repeal• 
able positioning. 

Features include elimination of worm endplay, 300% momentary 
overload capacity, versatile mounting, solid or hollow output shaft, 
and inch or metric dimensioned shafting. The gearhead is sealed for 
life and is factory-fiUed with synthetic lubricant. 

For More Information Circle No. 727 
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DRIV-LOK, NOW 
as gooonso 9002, 
LEADERS AGAIN 
BECAUSE ... 
Since 1939, a quest for knowledge of 
machining processes . . . 

Expert sales and 
engineering service .. 

From this earliest DRIV-LOK pin maker, our 
in-house design of proprietary equipment has 

DRIV-LOK's customer service personnel are 
backed by sophisticated computer programs 

enabled us 
to meet 
difficult 
fastening 
challenges 
and attain a 
unique and 
leading 
position as 
a manufac­
turer of press fit pins. 

Quality, first and foremost ... 

facilitating 
efficient order 
entry proce­
dures, improved 
costing systems 
and shop 
floor control. 

If you need 
engineering 
assistance for 
cost reduction, 
product improve­
ment or new 
product design Even before quality became a leading 

criteria of many OEM buyers, DRIV-LOK had 
in place a program of continuous improve­
ment. A stringent on-going training program 
for all employees, a Statistical Process and 
Quality Control System second to none, and 
the very latest in high tech test equipment 
have earned us quality recognition from 
leading companies including the GM Mark 

application, DRIV-LOK's field engineering staff 
is at your call. 

of Excellence and Ford 01 awards. And 
we are now proud to be a as 9000 certified 
manufacturer! 

To learn more, 
call for DRIV-LOK's 
Comprehensive 
Product Guide. 

DRIV-LOK, Inc. 
1140 Park Avenue, Sycamore, IL U.S.A. 60178 

TEL 815/895-8161 
FAX 815/895-6909 

E-MAIL driv-lok@tbcnet.com 
WEB SITE www.driv-lok.com 

For M«- lnformatfon Clrdt No. 556 

()S-'1111111 * ISO 111111.! 
Cettlficatc Number 31617 



~ Active-Pixel Image Sensor with Regional Electronic Shutter 
Integration time in each region is adjusted to prevent saturation or loss of signal. 
NASA's Jet Prop1tlsion Laboratory, Pasadena, California 

Scientific ASA applications - the star 
tracker, for instance - require imagers 
with wide dynamic range;. 'When a single 
integration period for an entire image 
sensor is used (as in a CCD syst.em) to ca~ 
ture bright tars with dim stars, cit.her the 
bright star is properly exposed but the 
dim stars are lost in the noise. or the dim 
scars are properly exposed but the bright 
star is saturated. Ratios between bright­
n~ of objects captured in the same 
scene (e.g., a planet and nearby scars) 
might be as large as 108

. To enable simul­
taneous observation of bright stan with­
out saruration and dim stars without loss 
of signal, a sensor with regional-electron­
ic-shutter capability is necessary. Such a 
sensor is described here. 

In the star-tracker application, a space­
craft-guidance system determines space­
crafl attitude by matching an observed 
star field to a star catalog. Typically, a few 
scars with different magninides are used 
for tracking in a given field of view. Using 
the regional electronic shutter, each star 
in the field of view can ha\'e its own une­
gration period. This way, simultaneous 
capture of bright stars with dim stars is 
accommodated, enabling a large in­
crease in tracker capability. 

The regional electronic shuuer pro­
vides a suitable integration time for 
each of several regions in different parts 
of the array. This is done by implement­
ing individual pixel reset, which was 
prC\fously reported in "Image Sensors 
WiLh Individual Pixel Re ·et" (NP0-
19735), NASA Tech Briefs, Vol. 20, o. 
11, (November 1996), page 34, within 
each pixel thus controlling the integra­
Lion time for a specific region. 
Individual pixel reset makes it possible 
to shorcen integration time, such that if 
the i!Jumination is high. the pixel still 
v.~11 not be saturated. This is done by 
controlling the reset gate via two lines 
that carry the column and row reset 
control voltages. ·when both the row­
and column-address voltages are set 
high for the specific address, tile pixel 
a1 that address can be reseL Using infor­
mation from previous frames, the 
appropriate integration time for the 
region could be determined, and con­
trol is provided to implement tbis eKpo­
sure time via a regional electronic shut­
ter. 

The concept has been implemented 
in a 64-by-64-pixel Q~OS active pixel 
image sensor chip that achieves a 

~ Wide-Band Operational-Amplifier Circuits 

dynamic range of 80 dB, a read noise of 
50 electrons (root mean square), low 
dark current, and excellent electronic­
shutter linearity. This prototype pm·es 
the way for lower-risk development of 
similar l ,024-by-1,024-pixel sensors with 
regional eleccron.ic-shutter capability. 

Th-is u,ork was done l,y Orly Yadid-Pethl, 
Bedabrata Pain, Chris1opher Clark, Craig 
Stalin, an.d Eric Fossum of Caltech fur 
NASA's J et Propulsion Laboratory. Fur 
fi,rtlier infonnatum, access the Technical 
Support Package (TSP) free on-line al 

www.nasatech.com under the Elertronic 
Components and Circuits tategory, or circle 
no. 117 on the TSP Order Card in this isrut 
to receive a copy by mail ($5 charge). 

In accordance with Public Law %517, 
the c<mtractor has elected to retain litle to this 
invention. Inquiries concerning rights fur its 
commercial use should be addressed co: 

LarT) Cilhert, Di.rec/QI· 
Technob>gy 'Frans/er 
California lnstiJ.ure of Te.clmolog;y 
Mail Code 315 - 6 
Pasadena, CA 91125 
(818) 395-3288 
&fer lo NP0-198 I 6, volume and number 

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

Frequency responses are extended by incotporation of suitably chosen input capacitances. 
Goddard Space Flight Center, Greenbelt, Maryland 

The top part of the figure illwtrates 
typical operational-amplifier circuits 
with resistive feedback networks, while 
the bottom part of the figure illwtrates 
circuits that are identical except for the 
connection of capacitors between the 
inverting (-) and noninverling (+) 
input terminals. The frequency 
response of each circuit can be extend­
ed by suitable choice of the capaci­
rance. as explained below. 

For each operational amplifier con­
sidered in isolation from other circuit 
components (the open-loop case), the 
magnitude of the gain (K) as a function 

42 

of frequency (/) is given by 

where ~ is the de gain, and}. is a char­
acteristic frequeng popularly denoted 
the "3-dB rolloff frequency" because 
the power at that frequency is half 
(approximately 3 dB below) the power 
at zero frequency. vVhen the opera­
tional amplifier is incorporated into a 
feedback circuit (the closed-loop case). 
the gain is altered by the presence of 
the other circuit components. 

1n the case of the inverting opera-

www.na.satcch.com 

tionaJ-amplifier circuit, the magnitude 
of r.he dosed-loop gain is given by 

where Jc; denotes the open-loop gain· 
bandwidth product~. 

{3 =(Rt+ R2) / (21tl?iR,Cafc;), 

and a in this case equals R1/ fli. For the 
noninverting operational-amplifier cfr­
cuit, the corresponding equations are 

NASA Tech Briefs,July 1997 



AMP Simulation. It's how top electronics companies 
make it right before they make it real. 

Companies like Hewlett-Packard, 
Hughes Network Systems and NEC 
America can't wait NEC 
while signal integrity 
and EMI problems create repeated 
design an:! prototype cycles. Especially 
when they've got a market waiting. 

That's why they head a listofmore 
than 100 oomputer, comrnunicili~ and 
other electronics companies that utilize 
AMP to mode~ simulate and analyze 
the signal integrity of their designs, 
before layout, to assure optimum 
system perfonnance. The first time. 

AMP Simulation finds and fixes 
r..+.~ HEWLETT reflections, 
ad~ PACKARD cross-talk, 
ground bounce, propagation delays, 
timing en'Ors, false switching, EMI, 

For rrore 1nloonalion aboii AMP Sill\llatioo capabilities call 1-8D-522-6752(1ax m-&7575) AMP Incorporated, 
Harrisburo. PA 1711l5-361l3 In Canada. can 005-470-4425 On lhe Internet a hllpJt,w.wamp.com 

For MoA lnfonnation Ctrde No. 622 

and all the other interconnection 
problems that can tum even a logically 
correct design into a fi11strating 
series of re-0esigns. What's more, 
we'll take that perfected design int.o 
layout and provide prototypes to 
yow.· time-to-market schedule. And, 
of course, AMP can handle all your 
production needs. HUGHES 

J . the than 1''ETWORKS\'STD4$ om more 
100 companies that lrnow-when it's 
time to make a design real, it's 
already right. Wrth AMP Simulation. 

Connecting 

H1GHER 
level."' 



~ R 

Noninvertlng Amplifier Circuit Inverting Amplifier Circuit Voltage-Follower Ci rcuit 

WrTHOUT INPUT CAPACITOR 

R 

Noninvertlng Amplifier Circuit Inverting Amplifier Circuit Voltage-Follo-r Circuit 

WITH INPUT CAPACITOR 

The Addit ion of Input capacitors can extend the frequency responses of these circuits, provided that the values of capacitance are suitably chosen. 

where a in this case equals 

For the voltage follower, the magni­
Lude of the closed-loop gain is given by 

I Kral = (Jc/ f> I 11 + [ (Jc/ f> - (JI fc/J)] 2} 11
2 

(for the voltage follower, a = 1). 
The following procedure can be used 

lO select a suitable value of C for extend· 
ing the frequency response of any of 
these circuits beyond that attainable 
without the capacitor: 
1. Choose two different frequencies at 

which it is desired to have IK.-sl equal 

a specified value. Let the specified 
value exceed the corresponding val­
ues of ll\'.i.,il at the chosen frequencies 
for the circuit without the input 
capacitor. 

2. Using the chosen frequencies and the 
specified value oflR'rnl, find the ,,alue 
of fJ 1.hat satisfies the applicable one 
of the three equations for II<'nl. 

3. Once the value of fJ has been found, 
calculate C by use of 

for the inverting or non inverting ampli­
fier, or by use of C= l/2rtR/J/c for the 
voltage follower. 

This work was doM by Lt<mard Kltinherg 
o/Goddard Space .Flight Center. FM Jttr­
tlier inforrMtion, access the Technical 
Support Package (TSP) free o,i-line at 
www.nasatech.com under the Electronic 
Components and Circuits category, or circle 
no. I 18 on the TSP Order Card in this ism~ 
lo receive a copy b), mail ($5 charge). 

This invention is owned by NASA, and a 
patent applicatum lias been filR.d. Inquiries 
roncerning noruxclusivt or txdusivt license 
jM its com.11iercial devtlopment slwuul be 
addressed to the Patent Counsel, Goddard 
Space Flight Center; (301) 286-7351. &fer 
to GSC-13638. 

~ Transverse-Mode Electron-Beam Microwave Generator 
This device offers advantages over klystrons. 
Goddard space Flight Center; Oreenhelt, Maryland 

A vacuum-rube electron-beam device 
generates microwave energy via the 
interaction between an elecu-on beam 
and an electromagnetic field in an evac­
uated cavity that has electrically conduc­
tive walls. In some respects. this device is 
similar to other vacuum-tube electron­
beam microwave devices - especially 
klystrons- but it differs from klystrons 
in ways that offer significant advantages. 

A klystron is said to operate in a lon­
gitudinal mode becawe ilS operation 
entails bunching of electrons along the 
beam, accompanied by interaction 
between the bunches of electrons and 
an electromagnetic field ,._;th an elec­
tric-field component parallel to the 
motion of electrons in the beam. To 
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generate microwave power that can be 
extracted and used, it is necessary to 
amplify the electromagnetic field. 

In a kl~tron, amplification depends 
on maintenance of Lhe correcl phase 
relationship between the motions of the 
bunched electrons and the electromag­
netic field in the cavity. Thus, the oper­
ation of a klystron is sensitive to the 
times of Hight of electrons and, there­
fore, to the voltages applied Lo acceler­
ate the elecrron beam. The anti-bunch­
ing effect of the mutual repulsion of the 
electrons limits the achievable deosity 
of electrons and thus the available out­
put power. Inasmuch as power losses 
caused by imperfections in cavity sur­
faces increase with frequency, the anti-

www.nasatech.com 

bunching effect thus effectively limits 
the operating frequency; in practice, 
lllysrrons cannot generate useful 
amounts of power at frequencies above 
approximately 100 GHz. 

In the present device (see figure), an 
electron gun shoots a beam of electrons 
into an evacuated interaction chamber 
that has electrically conductive walls. 
After the electrons have traversed the 
interaction chamber and spent their 
energy interacting with the electromag­
netic field in the chamber, they are col­
lected by an electrode at a positive volt­
age at the end of the chamber opposi te 
the electron gun. 

At an opening in one of its side walls, 
the interaction chamber is joined to a 

NASA Tech Brlefs,July 1997 



Feedbaci<. Gavity 

TOPVIEW 

SIOEVIEW 

Resonant 
Csvrty 

This Vacuum-Tube Electron-Beam Device Is supe­
rior to a klystron in that ,ts operation does not 
depend on maintenance of critical voltages, and 
it can generate a useful amount of power at 
higher frequency. 

rectangular resonanl ca,it) lhal h~ con­
ductive wall~ and a screw-adjustable con­
ductive tuning stub. Al an opening in 
lhe opposiLe side "'all, the interaction 
chamber is connected to a conductivt'­
walled spherical feedback cavity. The 
dimensions oI I.he resonant ca\ity and 
the sphere are low-order multiples of 
lhe wavelength of operation. The fre­
quency of operation is relatively insensi­
tive Lo applied voltages: it is detennined 
primarily by the dimensions of the reso­
nant cavity and can be adjusted by mov­
ing the tuning srnb. 

A grid of \\-ires spaced about haJf a 
wavelength a.pan i, placed in the open­
ing bcl'\\·cen the resonant cavity and the 
interaction chamber. The geomelr) of 
the feedback and resonant 01vitles. the 
grid. and the interaction chamber deter­
mines which electromagnetic-field 
modes can be sustained. Unlike a kly­
stron, thi.~ device can be :;a.id 10 opcr.ue 
in transverse mode in the follo\\;ng 
sense: Elecu-omagnetic waves propag-dte 
acros.~ the interaction chamber from the 
resonam ca\il)' to the spherical feedback 
cavity, where the~ are 1.ra11sformed into 
waves I.hat have radial elcct.ric-field com­
ponents. These waves are reClecled back 
tnlO the interaction chamber, where they 
deflect I.he beam of electrons from ,ide 
to ,ide in an oscillating moLion at the fre­
quenq· of the electromagnetic field. The 
,patiaJ variarioos of lhe electromagnetic 
field are ~uch lhal ru, Lhe beam oscillaLes 
sideways, ic ghes up energy co Lhe field. 
Thus, the field become~ amplified. 

:-.AS.-\ Tech Brie~.Jul) 1~7 

Electromagnetic energy is ex:tracLed for 
use lhrough a ,\indow on one side of the 
resonant ca\ity. 

Unlike a klystron, I.he present device 
does not depend on bunching. Conse­
quent!), its operating frequency is nol 
limiled by che anti-bunching effecL As a 
further consequence. it i~ nol necessary 
LO maintain a critical phase relationship 
beLween bunches of electrons and the 
dectromagnctic field. Thus. the acceler­
ating ,·oltagc in the electron gun can be 
varied without adverse!\• affecling the 
operation of lhe dC\ice; indeed, tit.is 
\'Ohagc can be varied deliberately t0 

modulate che microwa,·e field . 

Less Is more. 
Less parts. less assembly steps, less 
assembly time- all yield more productivity 
and more cost reductions. To achieve this. 
designing for assembly (OFA) Is cntlcal. 

PEM• products are made for OFA. Just 
punch or drill a hole and press a PEM 
fastener into place. PEM self-clinching 
las1eners install permanently into thin 
sheets. There are fewer parts and fewer 
total pieces to handle during assembly 
which translates into cos1 savings. We 
also offer threadless and multi-function 
fasteners to further meet your OFA needs. 

Thi.s u"1rlc was done Ir; Lawren« Wharton 
of Goddard Space Flight Cen ter. For fur• 
thtr mformatwn, acces.s tM Technical 
Support Ptukage (TSP) Jrte on-Jim at 
www.nasatech.com under the Eltctrm,c 
Cmnpcnntt,s and Circuil.s caugury, or cin;k 

no. I 10 on tk TSP Order Card in this isstu 
to m-nve a r.ofr> by mail ($5 rhargt>). 

This inventfrm is ()Wn.td l1J NASA, and a 
po.tmt applicati,m has bttn fi/,ed. lnqunies 
coru:nning nonexclu.nvt or exclusive /icmSt 
for zf,s aJ1mn.m:ial devtl.opmmt slwuld be 
addmstd. to the Patent Ccunstl. VJddaTd 
Space Fright Crnter; (JOI) 286-7151. Rt/tr 
to GSC-13521. 

HERE~ 1HE CUNCHER 

These include SNAP· 
TOP- (shown in photo 
above) standoffs which 
eliminate the need for 
screws. localing pins for 
Quick alignment of mat­
Ing parts, P.C. board 
fasteners and many others. 

For automated Installation, our line of 
PEMSERTER- presses quickly install PEM 
fasteners, further reducing assembly time. L..._ __________ __, 

lll3 
C,1197 PalN ENGtNEEAIHG & MAl«JFACTUlJNG CORP • PO ac,, 1000 • Dani>oto PA 11111&-1000 
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0 Fast Three-Dimensional-Imaging Camera 
The output level of each pixel represents the direction toward an illuminated object. 
Marshall Space F!,ight Center, Alabama 

The Fast 3D Imaging (F3DI) camera 
is a developmental system !hat measures 
the three-dimensional coordinates of 
objects within its field of view al dis­
tances up toa few feeL The F3Dl camera 
comprises analog and digital electronic, 
electromechanical, and opticaJ subsys­
tenis that function together to generate 
a range image and/ or the digiral-<laca 
equivalent of a range image. (A range 
image resembles a conventional video 
image except that the brighmess of each 
pixel represents the distance to the near• 
est object point along the line of sight 
intercepted by that pixel.) A prototype 
of the system operates at a selectable 
frame rate up to about 30 Hz. 

This system is based on uiangulation, 
using ( 1 ) a laser and optics thal form the 
laser beam into a funlike sheet that pro­
jects a line of light omo the nearby scene 

TOP VIEW OF LASER 
AND SCANNING MIRROR 

Diode Laser and 
Optics for Generating 
a Fan-Shaped Beam 

10" Wide 

, -
1 

and (2) a video camera with a field of 
1,iew that intersects the sheet of light. 
The diSt,"lnce to an illuminated point of 
an object imaged onto a given pixel is 
readily computed from (1) the known 
baseline distance between the video 
camera and the laser illuminator, (2) the 
known direction of the line of sight 
between the pixel and the illuminated 
point, and (3) the known orientation of 
the sheet of light with respect to the 
ba~eline and the line of sighL 

AJ described thus far, Lhis system is 
similar Lo some other ,,jdeo ranging sys­
tems based on triangulation. However, 
this system implements the uianguJation 
principle in unique ways. The laser illu­
mjnaLOr include~ a scanning mirror that, 
during each frame period, sweeps !he 
fan-shaped laser beam through a 30° 
angular interval that ,..rosses the field of 

Fan-Shaped Beam (Sheet of Laser Lighl) 

10° Fan 

--- I ~-- I ---

view of the can1era (see figure}. A shaft• 
angle encoder monitors I.he scan angle, 
and associated circuitry generates a 
scan-synchronized ramp volt.age wave­
form; that is, I.he instantaneous volt.age 
of this waveform is indicative of the 
instantaneous scan angle. 

The video camera is of the charge­
coupled-device (CGD) type, bm with 
modjfjcations to perform some nontra­
ditional imaging functions. The circuitry 
in each pixel in 1he camera inclurles 
electronic switches and a capacit0r that, 
together, act as a sample-and-hold 
device. At the beginning of each frame 
period, a synchronizing pulse from the 
scanning-conu·ol circuitry causes one 
electronic switch LO discharge the capac· 
itor, then the capacitor-discharging elec­
tronic switch is opened and a capacitor­
charging switch is closed. 

Range of Zone of Interest 

' 
--- ' --1-- __ 

' -
' ' ' ' ' ' ..... 

' ..... 
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' ' 

------
--- ......t -------------
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1 
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Bench 

The Scanning M irror Sweeps the sheet of laser light repeatedly across the field of view. The raw output of the video camera ls not a conventional video 
signal, but rather, one In which the voltage for each pixel is indicative of the scan angle at whkh the object point imaged on the pixel was illuminated. 
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DuPont Vertrer has more answers 
for your precision cleaning needs. 
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Active DAQ 
Over the 
Internet 

ComponentWorks"' 
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Then as lhe scan progresses, the 
capacitor is charged with the ramp volt­
age. The pbocodeteccor in each pixel is 
used, not 10 measure the local image 
brighlrless, but. rather. as a thn:shold 
triggering device; when the fan laser 
beam crosses the point in the scene cor­
responding to the pixel. light reflected 
from that poim is focused omo the pixel 
by the camera lens, and the amplified 
output ofd1e photodecector in the pixel 
causes the capaciLOr-charging electronic 
switch to open. Thus, the charge on the 
capacitor is frozen al a volt.age represen­
tative of the scan angle. This charge con­
stinues the CCD pixel readout signal for 
the frame period. The readout signals 
from all the pixels are digitized and 
used, along with pixel locations, to 

address an electronic lookup table that 
contains precomputed relationships 
among ramp voltages, scan angles. lines 
of sighl. pbcel positions. and ranges. The 
lookup process can be accomplished in a 
fraction of a microsecond on a typical 
computer. The resultS of tl,e lookup can 
be processed into a range image or pre­
sented as digital range data. 

This work was ®TU! by l.umarrl S. Haynr,s 
of lnt.tlligent Au1(}mafiun, Inc., and Rudy 
Dyck fw Marshall Space Flight Center. For 
further information, acass IM Ttchnical 
SufrPort Package (TSP) free tnt-line at 
www.nasatech.com under the Electronic 
Systems cat,,gr,ry, or circle no. 102 on tJw TSP 
Order Card in this issue to Tl!ai.vt a cofrj uy 
mail ($5 du.irgt). 
MFS-26484 

OComputerized Generation of 
Inspection Reports 
john F. Kennedy Space Center, Florida. 

Pen-based computers running special­
purpose software serve as input devices 
in a computerized inspection-dat.a­
rccording system. The system was devel­
oped to speed inspections, promote con­
sistency of inspection data, facilitate veri­
fication of the data, and provide for the 
printing of inspection reports in a stan­
dard formaL Previously, inspeCLors had 
followed an error•prone, time.consum­
ing procedure in which lhey recorded 
their observations in handwritten noLes 
and sketches on paper. Designed specifi­
cally for inspections of the thermal pro­
tection system on space shuttJes, the 
inspection system could likely be adapt­
ed, with modifications, to enhance pro­
ductivity in other situations in which 
many inspection repons must be proc­
essed. The software provides pop-up 
menus for primary inpuL These menus 
help to reduce errors by restricting an 
inspector to displayed standard choices. 
Elements of artificial intelligence in the 
software automatically reconfigure lhe 

pop-up menus on the basis of selected 
input from an inspecwr (for example, to 
present choices that pertain only to the 
area currenlly under examination); th~ 
feature also helps to prevent errors. An 
on-5<:reen pop-up ke)board is also avail­
able for entry of alphanumerical data. 
An inspector must still make sketches, 
but now does so direcLly on the comput­
er screen for immediate digital record­
ing; thus, images can later be retrieved 
and primed ouL quickly and e-d!>ily. 

This w<lrlc was dorte by Steplim. M. 
Schneider a11d Daniel B. M=dshein of 
Unit.ed spar,, Al/.iaru:P r(JT Kennedy Space 
Center. For further i11fonn.atum, access I.ht 
Technical Support Package (TSP) free rm-line 
at www.nasat.ech.com under the Eitcbrmic 
Systems category, or circ1e no. 114 on tlu! TSP 
Order Card in this issue to receive a COP"} uy 
mail ($5 charge). 

lnquims cimceming rights for tM commer• 
cia/ use of this inventum should bi addmsed 
to du! Patent Counsd, Kmnedy Spa.ct C.enter; 
(407) 867-2544. Refer to KSG11898. 

e Improved System for Tracking Inventory 
of Hazardous Wastes 
john R Kennedy Space Center, Florida 

An improved computerized S)'Stem for 
cracking an inventory of hazardous 
wastes has been developed LO replace an 
older tracking s>'Stem in which manually 
generated repons were entered manual-

www.nasatcch.com 

ly into computers. The older system 
required labor-intensive, time-consum­
ing procedures and was prone to errors 
and dela)'S; lhe improved sysLem over­
comes these disadvantages and afford, 
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Lhe additional ad\'antagcs of standard­
ization and centralization. As in the sys­
tem described in the preceding article, 
the points of contact v.1Lh human tech­
nicians arc pen-based computer.; that 
run special-purpo!«! software: that pn~ 
-.ides pop-up menus, bar codes, buttons. 
and othl'r interac:tive di~play,; for entrv 
of data in standard forrnab. The~c com­
puters are carried in the field and used 

to record such data as locations. 
amounts, and types of wastes. These 
computers also pro-.ide on-line acce!\$. in 
the field, 10 more than 250 pad.ages of 
information on the proper technical 
rc'tponses to hazardo~wa.,te $ituation~. 

This u-orlr u•tJJ dorie b'.) Thomns D. 
Adamson and .')tq,hm M. Srhnndtr of 
Lorkliud Marti11 Spatt Ojmatrom for 
Kennedy Space Center. For Jurthn mfor-

motio11, tu<t5J tlu Tt.rh11i<al SupP<Jrt PacJt.age 
(TSP) Jrtt on-Jim at www.na.uuech.com 
undn the Ekctrrm1c Systems <altgr.n), or circle 
no. / 08 on tht TSP Ordl'r Card m t/1,s mut 

w rruii.'l' a CO/') llj mail ($5 charg,). 
lnquin~l cqn«ming rig/Us j<,r th, <011111,rr­

rial u.Sl' of t}u.s mvenli0'11 1hould ~ add'f'l'!.S<'d 
to tlu Pit1'-'11t C..o,mstl, Kl't1n,dySpauCnit,r: 
( 407) 867-2544 Rlfrr to KSC-11900. 

~ Improved Ultraviolet-and-Infrared Hydrogen-Flame Detector 
Small hydrogen flames can be distinguished from other sources o f light. 
john F. Kennedy Spaa Center, Ronda 

An optoelectronic mstrumeni for 
detecting 5mall hydrogen flame;. in­
cludt:S analog and digital circuury (see 
figure) lhat processes the ourputs oflwo 
infrared photodetectors and an ultJa,i~ 
let photodetec-tor to dewnnine- whetht>r 
a small hydrogen fire lies "ithin iL~ field 
of view. As in the case of commercial 
ultraviolet-and-infrared hydrogen-fire 
detectors, the design of thi!> in~trumem 
reduces Lhe incidence of false alarms by 
ta.king advantage of the fact that hydro­
gen fir~ emit fiickering light in botl1 
ultraviolet and infrared spectral bands, 
whereas other sources that one does not 
seek to detect emit only steady light 
(e.g., hot objecis and reOectionc; of sun­
light) or else llicker in the uh.r<1\iolet 
only (e.g. welding arcs and lightning). 

This instrument offers an ad\antage 
over the commercfal units in lb.at iu 
overall design, includmg iLS cligirabig-­
nal-processing algorithm has been for­
mulated, on the basis of experimental 
observations. to provide reliable detec­
tion of a -;mall hydrogen flame within i~ 
field of view "hile reducing the proba­
bility of a false alarm from hydrocarbon 
flames and from mo,inR people and ani­
mah. The design al-.o ~uppresscs false 
alarm,- that "'ould 01herni1e be caused 
b) light from a large nearby hydrogen 
A:imi. rh:u one ctn .... nor '-l't'K 10 rle1ec1 

because it has been lit deliberately: it 
doei. this b~ distinguishing between the 
fa,1.er fluctuation of light from the ,mall 
hydrogen Oame and Lht slower Ductua­
Lion of light from the larger Oam<'. 

In the e,cperimenL\ 1..hat guided the 
fomrnlation of the de~ign, it w.u 
ob!.e-rwd that when the radiation inci­
dent on the infrared and ultraviolet 
detectof'> originated from the same 
hydrogen Clame and came direct.ly from 
Lhat flame ( rather than bv wa} of reflec­
tion), the time-domain cross-corrclalion 
of the output waveforms of the in Ir.ired 
and ulll<t\iolet derenors indicaced a 
high degree of ,imilarity between the 

~ASA Ttth Brid<. luh 1997 

waveform~. When I he <letector, were 
also recci,ing light from other source,,, 
lhe cr~orrelation indicated that the 
waHfonm differed. In addition, fre­
qu<.-nc-y analris of the infrared Mt\C'­

forms showed that in the particular 
application, the flicker of the large 
flame was concentrated at frequencies 
< 5 H1, while the flicker of the ~mall 
Dame extended to tens of hertz. 

lnlral'lld 
Sensor 1 

is larger than a pre,et thrcshnl(\be"' een 
0.5 and 0.6 (a correlation value of 1.0 
indicate, identical wavefonni,) and 1fthe 
analysis of the flicker indirau:, that the 
~urce of the radiation i~ a ~mall flame 
rather than the largl.' one, an alarm i~ 
generated. 

The alarm condition is updated 
repeatedly every 2 seconds: The cross­
correlation al any given time is comput-

l 
Incoming 

Ughl 
lntral8d 

SeOSOf 2 

Arlalog·lO­
t-----t~ Digital 

Converter 

Olg1tal 
Signal 

Processor 

Alarm 
lndica10r 

~ Integrator 

,---♦---, 
I Personal t 
1 Computer 1 
, ______ J 

The Improved Hydrogen-Fire Detector includes cirC\lits that process the outpu1s of ultraviolet- and 
intrared-photodetector outputs to extract cross-correlat1ons and frequency characteristics indicative 
of small hydrogen fires Tht> connection to the personal compU1er ls m1de, when needed, to change 
alarm-condition correlation threshold~. 

In the operation of the imtn1ment. 
the output of the uhra\iolet detector, 
which i:, original!} a series of pul5c.,, is 
integrated to convert it imo a continu­
ou.<, signal. The iniegrntecl output of the 
ultrA\iolet photodetector and tl1t- out­
puts of the two infrared phmodetec1or. 
are ~ent to an analog-to-digital conven­
er. The digitiicd signals are ~ent to., dig­
iial ~ignaJ proc~~or that compmei. Lht• 
frequenC} spectrum of the flidering of 
che ultraviolet and infrared signal~. 'The 
digital signal proce~r al,o compute~ 
the cro~orrelation of the uh.ra\iolet 
and the infra.red !>ignals. 

If Lhe analvs1s of the flicker indic-,lle~ 
that light from the large flame is being 
received either dire<'l.l) or b) rt:Oection, 
the ,ignal~ are high-pa,~ filtered to ~ 
that only frequency compontnb of flick­
er abme 5 Hz are used 10 compute t.he 
cro1,,;.co1Telation. lf tl1e cro-;xorrelation 

ed on the ultra,iolet and mfr.ued signals 
received during the prccedmg ~1·0 sec­
onds. When lhc cro~Horrelalion value 
falh hclow a thrc~hold k\el bt:twccn 0.3 
and 0,4 after having pre,iml!<l) triggert-d 
an alarm. the alann i< terminated. 

This u">rk was MTl,I' 1,y Crr/.?Ury A. Hall of 
Kennedy Space Center trnd Prdru J. 
Muklius and Howard jalTU's Simpson of /. 
NET' For Jurihrr mformat,011, arcru ti/# 
Tt<hmral '5upf><n1 PatltaJ!! (TSP) Jrtt or>­
line at www.nnsaJtth.com 11ndtr tM Etn­
tron.u S).slnru rougurv, or c:irde no. l 07 on 
th, TSP OrrJn- Card rn tliiJ ,.mu· to rtc,ive a 
copy lJ'j mm/ ($5 duug,J. 

Thu invtntitm ha1 bm, patnlttd b:, 
Si\SA (U.S. Patrol Xo. 5,625.342). foqui­
ri.t:i ronummg nonl':rl"lWit1t or ex<lttmlt 
licms, /or its u,111merrial dn,el~nrrtt slunM 
be a.ddrts.!td to llv Patnif Cmm(rl, Km11i'ti) 
Spar, unter; (407) 86i-2544. Rrpr lo 
KSC.ll'l75. 
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@) Alternating-Precessive-Slab Laser Preamplifier 
The size and the number of components would be minimized. 
Goddard Space Flight Center, OreenlJell, Ma,yland 

A laser preamplifier for a pulsed-laser 
ranging system amplifies pube with a 
wavelength of 1,064 nm, duration of < 
100 ps, and repetition rates of up to 5 
kHz. The preamplifier fea-

ide. so that, in a sense, the path pre­
cesses around l11e slab. The design is 
characterized as '"alternating" because 
the location of the outpuL face alternates 

between opposite comers if the design 
parameters were changed in such a way 
as to make N (the number of '-" or y­
oriented segments of the path) alter-

tures a compaCL design wilh 
a minimwn number of opti-
cal components and sim­
plicity of alignment. Using 
typical design parameters. 
the entire p reamplifier 
could fit in a box about the 
size of a human hand. 

The design concept is 
derived from common laser 
amplifiers that feature 
zigzag optical palhs and 
external beam-steering op­
tics to increase gain lengths. 
In this preamplifier, the 
amplified laser pulse is k.ept 
in the gain medium as long 
as possible, without need for 
external beam~u:ering op­
tics. T he gain of this pream­
plifier is comparable to that 
of a typical mullipass zig7..ag 
amplifier with external 
beam-steering optics. 

The design of this ampli-
fier is called "alternating 
prccessive slab~ for reasons 
I.hat wilJ become apparenL. 
The gain medium is a rec-
tangular slab of 1-percent-
doped neodymium: yttrium 
aluminum gameL (Nd:YAG) 
crntal, which lases at the 
desired wavelength of 1,064 
nm and has an absorption 
speclral peak at 809 nm. 
lnpul and oUlput faces are 
CUI at two comers of I.he 
slab and coaled for low 
reflectivity at l.064 nm. The 
other faces are coated for 
high reflectivity at 1,064 nm 
and low reflectivity at 809 
nm. The palh traced by the 
laser pulse in tra\'ersing the 
slab (see Figure l) includes 
internal reflections at a suc­
cession of points along each 
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y 

/ Output Face 

/ l'l)Ut Face 

Figure 1. The Optical Path Would Be Folded into a pattern that would keep the 
laser pulse in the rectangular slab (the gain medium) as long as possible. 

Unear A/Tay of 
Laser Diodes 

Cylindrical 
Lens 

1.1 cm 

figure 2. The Gain Medium Could Be Optical ly Pumped from four sides. Each 
array of laser diodes would typically operate at a power of 15 W each. 
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nate between e1·en and odd 
v..tlue:.. 

Typically, the overall 
dimensions of I.he slab are 

about I by l by 0.2 cm. The 
exact dimensions must be 
chosen to obtain the de­
sired N and to satisf), other 
requirements. The slab 
must be thick enough to 
accommodate the cross sec• 
tion occupied by I.he laser 
pulse (in effect, the v.~dth of 
the laser beam). The choice 
of thickness is also affected 
by partially conflicting re­
quirements related to cou• 
piing efficiency, diffraction, 
and quality of I.he output 
beam. The path in I.he slab 
musl be laid out to preveni 
overlapping of the cross sec­
tions from adjacent path 
segments. 

The slab could be optical­
ly pumped according to an} 
of several altemath'e opti• 
cal-pumping schemes. For 
example,~ shown in Figure 
2, pump light could be gen­
erated on four sides by lin­
ear arrays of continuous­
wa,'e (CW) laser diodes and 
collimated into the slab by 
cylindrical lenses. 

ThiJ W(Jrk was <Uml by D. 
Bany CoylL of The Amencan 
U11ivmityfurGoddard Space 
Flight Ceote r . Fi>Y further 
inf ormati.tm, acces.s th, T,rh­
nical Support Package (1SPJ 
fru o,,.Jine at www.nasatech. 
com undn the Physical Srimus 
cougo1y, or circle 110. 123 on 
the TSP Order Card in this 
issue to rteffl!e a wJ,y try ,nail 
($.5 chargt). 
GS~1J326 
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1® Light-Scattering Measurements of 
I Regression of Fuel Droplets 

The measurement principle is that of 
diame~er-dependent resonance scattering from spheres. 
Marshall Space Flight Center, Alabama 

A proposed optoelectronic irnu-umcm 
would exploit the diameter-dependent 
resonance scattering of laser light from 
Lransparent spheres to measure the 
regres.sion ofUquid fuel droplets in spray 
names. As used here, ~regression" 
denote'> a decrease. caused b} evapora­
tion, in the diameter of a droplet The 
proposed instn.tmcnt could be integrated 
with (a) a laser Doppler velocimeter for 
measuring the velociti~ of droplets: (b) a 
phase Doppler interferometer for mea­
suring the sizes of droplets; and (c} a 
rainbow refractometer for measuring 
temperarures of droplets and obtaining 
additional informadon about their sizes. 

A desciriprion of rainbow phenomena 
is pren.•quisite to an explanation of the 
proposed instrument. The commonJy 
recognized aspects of a rainbow can be 
understood in tenns of a geomeuicaJ­
optics-based theory proposed by 
Descanes several hundred years ago. The 
angular location of the primary rainbow 
arc for a given wavelength (called simplv 
the "rainbow angle") can be understood 
LO correspond 10 that scattering angle at 
which intensity of first-order internally 
reflected raJS achieves a local maximum. 
To one side of the rainbow angle is a 
shadow region imo which no rays emerge 
and to the other side is a lit region that 
contains additional rainbow arcs, called 
~supernumerary arcs," i.•hich are interfer­
ence fringes that cannot be understood 
in terms of geometrical optics. 

A poin L of light that is pan of a super­
numerary arc can be understood as aris­
ing from interference between two difTer­
em r-ay:. of the same order emerging in 
the same direction. Thus, at any given 
,;cauering angle slightly greater than the 
rainbow angle, the scauered light 
includes rays that have followed two dif­
ferent paths through a droplet To further 
complicate the situation, the interference 
of the internally reflected rays v.ith exter­
nally reflected rays gives rise to high-fre­
quency intensity oscillations that are 
superimpo.$Cd upon the supernumerary 
arcs. These mcillations are extremely sen­
sitive to small changes in the diameters of 
droplets. The proposed irutrumem is 
based on the proposition that these oscil­
lations can be measured and, wilh suit­
able processing, data on changes in the 
diameters of regre:.sing fuel droplets can 
be ext.racted from the measurements. 

The extraction of droplet-regression 

-·w.nasatech,com 

data could proceed according to either 
or both of two approaches called the 
"phase" approach (for determining small 
changes in the sizes of drops) and "fre­
quenC\" approach (for determining the 
rates of regression of drops). In the phase 
approach, the rainbow signalure of a 
regressing droplet would be recorded at 
two known, closely separated instants of 
time. TI1e recorded rainbow signatures 
would Lhen be digitally proce ed to 
exl!3ct on!)' the high-frequency conuibu­
tions, and the two high-frequency signals 
would be correlated to extract lhe dilfer• 
ence between their phases. This phase 
difference, (6~) would be a measure of 
the change in the diameter of the droplet 
(al>) according to 

M~/ MJ • d9/ d.D = (21t/ J.)(cos~ - co 8i 
+ 2mc~lsi111(sin9:i/m) )}, 

where q, is the instantaneous phase of the 
high-frequency signal ac the rainbow 
angle, Dis 1.he instantaneous diameter of 
the droplet, ,'l is the wavelength of the 
scattered light, ~. and 9..t are the angles of 
incidence oflight on I.he droplet that gi\'e 
rise, respectively, LO the externally and 
internally reflected rays that emerge at 
the rainbow angle, and ,n is the index of 
refraction of the droplet at wavelength A. 

In t11c frequency approach, the intensi­
ty or scattered light would be monitored 
by a photodetector through a very small 
aperture located at the rainbow angle. As 
the droplet regressed, the incensicywould 
oscillate al a frequency equal LO the rate 
of regression multiplied by the expres­
sion on the right side of I.be equation 
above. The yaliclity and feasibility of both 
the phase and frequency approaches 
ha,·e been demonstrated in ~-perirnents 
in which a "breadboard" prototype of the 
instrument was used to observe both non­
burning and burning droplets made by a 
piezoelectric droplet generator. 

ThiJ work was dont uy Subramania11 V. 
Sankar, Da/,e 11. Bun"rMnn, and WJliam D. 
Bacha!IJ of Aerometrics, Inc., for Marshall 
Space Flight Center. Fcr jurlh.tr informar 
titm, acctss 1k Technical Sv.jJ/Xnt Padwgl 
(TSP) free on-line at www.nasauch.com 
umkr tM Ph)sical. Sri.enu.s caltgory, or circlt 
no. IOI on llu TSP Order Card in thuiss1i< u, 
rt«ive a ,:qpy UJ mail ($5 cliargt). 

lnqurrirs r011arning rights for t~ rommer-­
aal u.s, of this inVffltion Jhouui ~ addmsi'/J 
to 1k Pate111 Onlnstl. Mm"ShaU Spaa Flight 
Cotler; (205) 544-0021. Reft:r lo AfFS..26402. 
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1~ Acoustic Wind-Velocity Analyzer 
The measurements are inherently compensated for variations in atmospheric conditions. 
NASAs]el Pr<>fJu-lsum Laboraf01)~ Pasadena, California 

An instrumem pcrfonns acoustic measuremenl.S to deter­
mine the velocity of lhe wind in a plane. More specifically, the 
instrument measures the apparent ~peeds of propagation of 
sound t.hrough the wind along two known perpendicular direc­
tions in the plane. The speed and direction of the wind can 
lhcn be dete1mined from the known relationships bet¥een 
these speeds and the speed of sound in till air. Because the 
irulrUIDent al ·o measures the speed of sound in a sample of air 
shielded from the wind, the measuremenis are inherently com­
pensated ror variations in cemperamre, pressure, humidity, and 
other aonospheric conditions. 

The insu-ument, illusmned schematically in Figure 1, 
includes transmi1ting acoustic transducer A, plus receiving 
acoustic transducers B, C, and 0. The line from A to C (along 
they axis) is perpendicular to the line from A to B (along the x 
axis), and both these lines are exposed to the 'llind. The line 
from A to D is shielded from I.be ,,ind. 

The time for a sinusoidal signal to propagate from an acoustic 
emitter located at position A LO reach the three microphones 
(acoustic receivers) located at B, C. and Dis measured. The three 
propagation times are determined br comparing their received 
sine waves and their respective zero-crossing Limes (phase mea­
surement) to 1.he zero-crossing time of a reference sinusoidal sig­
nal. The distance from the cemer of the emiuer t0 each of the 
microphones is known, and therefore, the velocity ,·ectors vAB, 

vAc. and vAD are determined. The speed of sound in still air, VAD, 
is known because the path AD is shielded from the wind 
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RecelVng 
Acous1ic 

Transdlaf 
(One of Three) 

Figure 1. The Acoustic Transducers are used t o measure t he speeds of sound 
along the x and y paths eJ<posed to the wind and along a third path shield· 
ed from the wind. 

Figure 2 iUuscrates the computation of velocity. Let w = the 
speed of the wind. To first order in w/ VAJ>, the speed of sound 
along each of the cwo perpendicular paths through the wind 
equals the peed of sound in still air plus the component of wind 
velocity along that path. Thus, the two perpendicular comp<>­
nents Cw» w,) of wind velocity can be obtained from wx= v1111 -

VAD and Uf)' = vAc - VAD• Then the speed of the wind is given by 

w-cw: + w,t> 
= [ ( VAB- v.w) t + ( V,1c - VA/))

2
] 

and the angle, ~. of the wind relative to the x axis is given by 

9 • t,u11(w,/w J = tan·' 

= [ (ll,1c- VAD) f(VM - V,w)] 

The instrument 
operates under con­
trol by a micr<>­
processor, and a 
microprocessor per­
forms the velocity 
computations. These 
and other features 
make the instrument 
competitive ·with con­
ventional mechani­
cal wind-measure­
ment devices. More-
over, microprocessor 

Wind Velocity'-.., 
Vector 

)( 

Figure 2. The Velocity Computations are based 
on simple linear superposition of mund-veloc­
ity and wind-velocity vectors. 

circuitry provides an interface with external electronic data­
processing equipment. 

This wurh was dont b} David H~Juergem of Calttch for NASA's 
J et Propulsion Laboratory. For further mfannation, acas.s tht 
Ttchmcal Sul>J><lrl Padiagt! (TSP)free orni,ie at www.nasatedt.com 
undn tht Physiral Scitnas category, or circle no. 115 on 1k TSP 
Ordtr Card in this wut lo rtceive a cof>y b) 111Qil ($5 charge). 
NP0-19478 
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~ Improved Determination of Si in Bi Borosilicate Glass 
A flow-injection spectrophotometric method eliminates interference by bismuth. 
Lewis &search Center, Cleueland, Ohio 

A laboratory method that include! 
flow-injection spectrophotometry has 
been devi~ed for measuring the silicon 
contents of borosilicate glassel; and 
ceramics that contain bismuth. The 
determination of the concentrations of 
the chemical components of glasses and 
ceramics is essential for cor-

majority of the flo~njection methods 
reported in the literature incorporate 
additional reagents for the suppression 
of phosphate and other mterferences, 
but none of Lhese metl1uds prevenu 
interference by precipitation of bismuth. 

Figure 1 illustratei. the unbalanced 

reagent. which contains an optimized 
mixture of borate and aluminum sulfate. 
The flow in the carrier line tbat coma.ins 
the first carrier reagent is merged with 
that in a second line coma.ining a second 
carrier reagent, which dcvcloj>5 the hct· 
eropoly blue color prior to Dow through 

the speccropho1ometer cell. 
relalion of phy~ical proper­
ties "'ith chemical composi­
tions. Numerow chemical­
analysis procedures for 
decennining I.he concem.ra• 

BISMUTH INTERFERENCE: In experiments, the deter­
minations made by applying 
the pre:.ent method of flow­
injection spectrophotome­
try 10 sample5 of bismuth 
borosilicate glass "ere 

OH + F-or Ct- BOF o, BiOCI {Tutbid Prec,pitate) 

REMOVAL OF BISMUTit INTERFERENCE: 

OH + E0TA• BEOT A (Colof!ess SclulJon) 

tions of typical chemical 
componenlq of glasses and 
ceramie5 are available; some 
of these procedures are free 
from interferences, while 
others are sul:!jcct to inter­
ferences that result in erro­
neous!> h.igb or low valu~. 

FLUORIDE INTERFERENCE· 
found to be comparable co 
the determinations of the 
st.llldard ICAP method, con­
firming that either flow­
injection spectrophotome­
try or ICAP are acceptable 
method~ for determining 
the concentration of Si in 

Si01 + ➔ SFe~ 
... No Color•FOffl\!11\) Reactiofi 

REMOVAL OF FUJORIDE INTERFERENCE: 

S1F•~ + 
SiF1._ + 

➔ 

... + SiO,•· 
AJF,-.. • S'rOJ2--

Inductively coupled argon 
plasma emISston spec­
troscopr (ICAP) is usually 
reponed to be free of inter-

s-oJ• .. Mo0,2- ➔ Colored Htteropoly Comptex 

Figure 1 These Cheml~I Reactions figure in the Interferences and the elimination 
of Interferences as described in the text. 

tl1e p1c~encc of Bi and B 
The modifications of the 

ferences among the three primary ele­
menis (Bi, B, and Si) in bismuth borosili­
cate glass. However, elev:ned values acuil> 
utable co mterfe1 enccs were obtained in 
an experiment: A series of bismuth 
borosilicate glasses were prepared starting 
wilh known composition. and samples of 
lhese glasses were submiued for elemen­
tal analysis by ICAP. The Bi and B \alue 
obtained in the ICAP analysis were accept· 
ably close to the expected values, but the 
Si values from most !ialllples were almo5t 
always elevated: in the worSl case, the 
ICAP value for Si was 911 percent of the 
proportion (2.1 percent) used in prepar­
ing the sample. These results were unac• 
cept.able and lherefore it became oeces. 
sary to de\:elop a method to make it pos~i­
ble to coolirrn the IC\P determinations. 

Flow-injection ~pectrophotomcuy, on 
which the present method is based, is an 
alternative method of determining the 
concenu-atiom of chemical componenu 
m a procedure lhat involves develop­
ment of color in a carrier line, followed 
by spectrophotometric determination of 
the color. The d~oh·ed sample is inJeCt· 
cd into a carrier line that cont.atru one or 
more subscance(s) th.at react with the 
sample, rendering a colored producL 
One of the oldest and most widely used 
methods for the determination of silicon 
in the form of silicate invohes the forma­
tion of the heteropol) complex \>ilh 
molybdate, followed by I.he reduction of 
tltc complex to heteropoly blue, which b 
an intensely colored material. The 
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interference reactions along with reac• 
tions to eliminate t.he interferences. In 
the present method, Lhe bismuth inte1fer­
ence is eliminated in a ~ple-prt:ueat• 
ment step. The interference from hydrer 
fluoric aeid used to di,;solve the ~pie 
for analysis is removed by a first earner 

12 
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molybclate reagent and of 
sample-preparation procedure eliminate 
the Bi interference and the hydrofluoric 
acid matriJc interferences in the flow­
injcct.ion procedure. 

The preparation of ceramics and glass­
es routinely includes fusion of the raw 
materials in cnicibles made of a large 

0 

35 

0 
X 

□ 

+ 

65 
ConcentratiOn of 13¼03. Mole Percent 

Figure 2. This Plot Shows Differences between the (a) mole percent concentrations of Si determined 
by the method described in~ text and (b) calculated mole percent concentrations of Si as functions 
of (c) calculated mole percent concentrations of e,,01 in glass specimens that Wl!re fused at various 
temperatures The solid line is a regression line through all data points for which the mole percent· 
age of 81,01 a 20. 
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variety of materials. Bismuth oxide, in 
addition Lo being volatile and subliming 
at moderately low temperatures, is 
extremely corrosi,e in irs molten state. 
Crucibles of platinum are dissohed by 
molten bismuth oxide, and graphite cru­
cibles become degraded, causing 
graphite panicles to be entrapped in the 
resulting products. Vycor (or equiva­
lent) silica material is only partially 
attacked by the bismulh Oux. From Lhe 
extensive number of Si determinations 
in glass samples prepared in Vycor, it is 
apparent that the Bi20, content is large­
ly responsible for elevated Si levels and 
that the level of elevation has a slight 

dependence on flliion temperature (see 
Figure 2). @Direct Time 

Thi.s work was ~ by Fran.as A A relier • 
and Kmncth W. Strttl, Jr., of Lewis lntegratiOll Of 
Research Cente r . For furtlur informalwn, M II' 
access flu Technical Support Packagt (TSP) axwe S 
frte on-line at www.11asatech.co111 un<kr llit E • 
Physical Sciences category, or circle no. 1 JJ quatiOilS 
on tlu TSP Orrin Card in this is.nu to receiw Propagation of optic.al pulses 
a co/J) b)' mail ($5 charge). • nlin di b 

l · · • :n-1 fi I m a no ear me um can e nqumes cuncernmg n6 .1ts or I ie commer• . . . 
cial ~ of thi.s invention shoufd ,x addrrssed sunulated with high accuracy. 
to .\ :ASA uivis R.tsearrh Center; Commercial Ames Research Center, 
Ttchnowgy Offae, Attn: Tech Bruf Patmt Moffett Field, California 
Statw, Mail Stop 7-3, 21000 BrookJxrrk Rd .. 
Cleveland, OH, 44135. RefertolEW-16098. The propagation and scattering of 

-------------------------------. optical pulses (including electromagnet-
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ic solitons) in a nonlinear, dispersive 
medium can be simulated numerically by 
use ofa method that involves direct time 
integration of Maxwell 's equatio ns. The 
time integration efficiently implements 
linear and nonlinear convolutions that 
appear in expressions for the linear and 
nonlinear parts, respectively, of the elec­
tric polarization of the medium. 

The method can be described in terms 
of its application to a one-dimensionaJ 
LCSt case in which a pulse of light propa• 
gates along the x axis in an x, y, z 
Canesian coordinate system into a half 
space (x > 0) filled with a homogeneous. 
isotropic, nonmagneticaUy-permeable 
nonlinear dielectric medium. The elec• 
tric-field, magnetic.field, and electric-dis­
placement vectors are taken to have com­
ponem~ F.,, H,. and D., respectively, where 
the subscripts denOle the clirec tiom. The 
applicable set of Maxwell's equation is 

aHy - 1 iiEz iXJz - il-ly 
T- µo ~· 8i" - ~ , 

where I denotes time; G, and J.lo denote 
the electric permitti,i ty and magnetic 
permeability, respectively. of the vacu­
um; and P :1- and P ,NL denote the linear 
and nonlinear pans, respectively, of the 
electric polarization along the z axis. 

P :Lis gh·en by the following linear con• 
YO!ution of E.(x. 1) wilh I.he linear sus­
cepcibili ty function x<•l: 

PzL(x,t)=£0 j ,i)(t-t')Ez(x,t')dt' 

In this case, I.he medium is considered to 
have a Lorentz linear dispersion charac­
terized by 

x(,)(t) = w1 e -¾sinvot. 
Vo 

which i.<. equivalent to a dielectric per­
miuivity. £. as a function of angular fre-
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quency, w. given by 

( ) w/{Es -£.) 
e w = e_ + 

2 
. 

2 
(1)0 - JOOJ- (J) 

where <4, denotes a re~nam frequen~~ 

o denoto a coefficient of damping. and 
the other paramete~ are related by 

w,,2 = (1)/(es -t-) 
and 

2 2 o2 
vo =wo - 4 

P,." is given by the following nonlinear 
convolution of £,(x, t) with lhc third­
order susceptibilin• function X '1: 

PZl'lt(x,t)=toj j jx(
3
)(t-t1, ---

t-t2, t-t3)xE2 (x,t1} 

E z(x,t2)E z( x,t3}dt,dt2'lt3 

The nonlinear convolution provides for 
nonlinear physical effects with Lime 
reLardauon or memory. In thh particu­
lar case, the nonlinear properties are 
charactcri,ed by the following ~ingle­
time nonlinear convolution: 

.. 
J[aS(t-t')+(1-a)gR(t-t')] X 

E/(x.t)ctt' 

In this equation, i'1 becomc.-s a con­
stant coefficient of the nonlinear su.~cep­
tibilicy, O(t) models Kerr nonrewnanl vir-

0.75 
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tual electronic transitions on the order 
of about 1 ls or le~. g,i(t) = I (t/ + 
r/)/T1ft2]e-<-~sin(t/r1) and models uan­
,icnL Raman scattering, and a parame­
terizes the relative strengths of the &err 
and Rama_n interactions. Effecu\·ely. ~(I) 
modeb a single Lorentzian specLral line 
that is centered on the optical-phonon 
frequmcy l/T1 and has a band"'idth of 
1/T-t (the reciprocal phonon lifetime) 

The fonnulation of t.he linear and 
nonlinear comolutions is completed by 
.wuming that the electromagnetic field 
is zero at t !:: 0 and by defining 

l 

F(t) = e0 f .ll(t-t')Ez(x, t')dt' 
0 

and 
t 

G(t)= e0J gR(t-t')E/(x,t')dt' 
0 

It can be shown Lhat Fand G ~atisfy Lhe 
following coupled nonlinear ordinary 
differential equal.ions: 

1 ifF 6 dF [l £6 - £.,. r 
w 2 012 + w0 cii+ + (3)E 2 

0 e_ +ax z 

(e5 -e~x1-a)x(
3
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where 

These equations are first ~ohed simulta­
neowl) for F and C at lhc late~t time 
step br use of a second-order-accurate 
finiuxlifference ~heme that operates 
on data for the current \'alue of D, and 
previous value) of D., E., F. and G. Only 
cwo time steps of storage are needed in 
lhi.s approach. Then the latc:<il value o[ 
£, can be obtained b) ~e\"ton 's iterntion 
of the following equation. using the new 
value, of 0., F. and 0. 

Once the F.. field has been computed, H 
and D. can be computed from E. by use 
of Maxwell's equations. The figure illw.­
trate~ some re~ulu obtained by applpng 
this method Lo two versions of the teM 
case. 

This work was don, 11'; Prll'r C,oorjian of 
Ames Research Center and Al/,..n Tajlovt 
of NorthweJunt l'nwerrit)'- Fo, J11rthn mfor­
,natio11, arun lhl' Ttrlmirnl SupjJ11rt Pad.ag, 
(TSP) frtt on-line at www.,iasattcJuom 
under th, Ph,i$1tal Srienres cal,gory, or circle 
no. 116 on th, TSP OrdJ'T Card III this ISSut 

u, rlV'eivr a ropy by mail ($5 rhargt). 
hlqwn1J co,um11ng ngilts for tht' comml'T­

cial tLlr of this i11vn1tio11 sho11ld bf' addrtrltd 
to thr Patent C<nmstl, .Ames /us~arch Center; 
(415) 604-5104, Jufer to ARC-13259. 
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The Propagation of an Optical Pulse that contained about seven carrier-frequency cycles was simulated. In the linear medium, the pulse was found to 
undergo dispersion. tn the nonlinear medium, the pulse Wai found to act as a sollton tnat approximately retained its amplrtvde and duration. It was also 
found that a SKond. smaller pulse formed and moved out ahud of the main soli1on pulse. 
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* Electronic "Noses" Made From Conductive Polymeric Films 
Arrays of multiple sensors would be used to distinguish among different vapors. 
NASAs Jet Propulsimi Laboratury, Pasadena, California 

Broad!)' responsive, low-power elec­
tronic chemical-vapor sensors called 
"chemiresistors" are undergoing devel­
opmenL A chemiresiscor comprises a 
pair ofmei.al electrodes in contact with a 
thin, electrically conductive modified 
polypyrrolc 61m on an electrically insu­
lating substrale. The elecuicaJ resistivity 
of the film increases or decreases 
reversibly when the film is exposed to a 
chemical vapor or vapors. Multiple 
chemiresistors can be assembled 
into arrays, wilhln which each 
chemiresiscor is maximally respon· 
sive 10 a different chemical or mix 
of chemicals. 

the sensors in an array can be moni­
tored, for example, by use of a multi­
plexmg digital ohmmeter, the digit.al 
outputs of which are proces.sed together 
to exu-aCL data on the concenu-ation(s) 
of chemical vapor(s) in the air, some­
whal in imitation of I.be manner in 
which the brain recognizes sensory pat­
terns of odors that stimulate multiple 
olfactory receptors in the nose (see 
Figure 2). 

--+--===~5--- 1 
--{:zl--- 2 
- --.1::::J-- - 3 
~~:::J-- 4 
~-C:J-- 5 
-0-6 
-0- 7 
---c::l- 8 
-0-9 
-0-10 
---c::l-11 
-0-12 
-0-13 

The film in a chemiresi~tor is 
made by chemical polymerization 
of a p)'tTOle with phosphomolyb­
dic acid ( whkh serves as an oxidiz­
ing and polymerizing agent). 
along with a plasticizer, all di~ 
so!Yed in tetrahydrofuran. The 
polymerizing solution is applied to 
the sensor substrate and polymer­
ization proceeds as the tetr.ahydro­
furan evaporates. Once polymer-

Fllm of Electrically Conductive 
Polypyrrole With Plasticizer 

---c::l-14 
-0-15 
-C}-16 

the concentrations of components of 
the vapor rni'<ture. 

In initial experiments. an array of 14 
chemiresistors was exposed to ,-apors of 
acetone, benzene, chloroform, ethanol, 
isopropyl alcohol, meLhanol, tetrahydro­
furan, and ethyl acetate in air. Principal­
component analysis of the !1R/R 
responses showed that the array could 
be used to distinguish among these 
vapors and quantify their concemra-

Chemiresis1or 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

Plasticizer 
none 
none 
poly{styrenel 
poly(styrene 
poly(styrene 
poly(a•methyl styrene) 
poly(styrene-acrylonitrile) 
poly(styrene·maleic aoydrida) 
poly(styrene-allyl alcohol) 
poly(N-vinyt pyrrolldone) 
poly( 4-vinyi phenol) 
poly(vinyl butyral) 
poly!vinyl acetate) 
poly bis phenol A carbonate) 
poly styrene) 
pofy(styrene) 

ization is complelC, the film is Figure 1. Multiple Chemiresistors. each made with a polypyrrole film containing a different plasticiler, are 
washed with methanol to remove assembled into an array for sensing a variety of chemical vapors. 
excess phosphomolybdic acid 
and/or pyrrole monomer. 

For a given film, the polymerization 
conditions and lhe concentration and 
type of plasticizer determine Lhe sensory 
response 10 a given vapor chemical 
species or mixture; these parameters can 
be controlled to obtain a film with a 
known unique response for use in an 
array. Thus, an array includes sensory 
films that comain various plasticizers 
(see Figure l). 

An array produces a chemically revers­
ible, diagnostic pattern of changes in 
electrical resistance upon exposure to 
dilferem odorants. The resistances of 

I 

The resistance readings are taken at 
selected Limes before, during, and after 
exposure of the sensor to air containing 
the vapor mixture of interest. The 
change (lul) in each resistance from its 
initial, preex:posure value (R) is divided 
by the initial value, yielding a fractional 
resistance change (AR//(). Then the 
6.R/R values from all the chemiresistors 
in the array are processed together to 
determine the concenuations of compo­
nents of vapor mixtures. As envisioned 
but not yet implemented, the AR/R val. 
ues would be processed by a software or 
hardware neural network to determine 

II III 

tions. lt was also found possible to 
resolve the compooems of mixlures of 
ethanol and methanol vapors. The 
responses of the chemiresistors were 
complicated somewhat by temporal vari­
ations attributable to water vapor, but 
these complications did not adversely 
affect reproducibility and reversibility, 
and it was still possible to extract data on 
the responses to the organic solvents of 
interest. Moreover, the test enviroamem 
was representative of many practical 
odor-sensing applications, from which 
air and water could not be readily 
excluded. 

IV 
Expose Array 10 
Unknown Vapor 

Measure Responses Convert Each Response 10 a Process Responses by a 
of lnolvidual Sensors Maximum Petcent Increase Panern-Recognttlon Technique 

Sensor Array 

~ 
orDecrease To Identify the Vapor 

/ ~ / 
Vapor A 

8 

~ 
C Iv-1!! -x-- i - Nol Vapor B 
a: 

~ ~ %--.. / Not Vapo, C 

nme 

figure 2. Tl1e Respon:.es of Multiple Chemlreslstors Are Proces~ to extract a pattern indicative of the chemical species and concentration(s) of the sensed 
vapor(s). 
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This tJl(Jr/r was done by Nathan S. Lewis 
and AfithMl S. Frfflnd of CaltKh for 
NASA's Jet Propulsion Laboratory. For 
further mfonnaJion, access /ht Technical 
Support Package (TSP) free 011-line at 
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@ Quality / Flowmeter for Two-Phase Fluid 

Mail Code 315 - 6 
Pasadmo, C4.91125 
(818) 395-3288 
Rrfer to ,\'PO-I 9537, volume and number 

of tl1is ASA Tech Briefs issue, and the 
pag,t1wnhtr. 

Flow speed is determined by correlating upstream and downstream capacitance measurements. 
john F. Kennedy Space Center, Rorida 

Figure l illust.rau:s a prololype 
instn101enl for measuring the volume 
fractions of liquid and gas and the rate 
of flow of a two-phase fluid. T he instru­
ment is called a Hquality/ flowmeter" 
because •quality· as used in engineer­
ing disciplines concerned with two­
phase flow denotes, loosely, volume 
fractions of liquid or gas. Although 
designed specifically for measuring 
flows of cryogenic liquids containing 
bubbles of their vapors, the instnunem 
could be readily adapted to other two­
phase (including liquid/ gas, liquid/ 
Liquid and liquid/solid) flows like 
those of water/ steam, water/ air, oil/ 
water, and liquid/ solid food processing 
mbctures. 

direction of flow. The instnllllent is 
built around a section of pipe 32 in. 
(81.3 cm) long, with a flow cross sec­
tion 2 in. (5.l an) in diameter at the 
ends. The pipe constitutes a common 
outer eleco-ode for bolh capacitive sen­
sors. The other electrodes for the 
capacitive sensors are met.al rods 
mounted coaxially will1in the pipe on 
radial phenolic spacers and separated 
lengthwise by anoLher phenolic spacer. 
The pipe tapers to a greater diameter 
along lhe length of the electrodes to 
keep the flow cross section constant 
along the flow path; this feature helps 
to minimize the effect of pressure 
drop. Wires connect the central elec• 
trodes Lo external electrical connec-

Connector lor Left Electrode 
/ 

Vacuum Valve and Flh Port 

Insulated Vacuum Jacket 

Electrode 

Phenolic Spacers 

features - that is. ll1e downstream sig­
nal can be expected lO be an approxi· 
mate. delayed version of the upstream 
signal - provided that the flow is not 
so turbulent as to alter completely lhe 
relative positions of bubbles in the 
interval between tbe upstream and 
downstream sensors. 

The capacitance readings are sam­
pled al intervals of less than l ms. 
Co1TelaLions between the upstream 
and downstream readings are comput­
ed for a range of offset times, and lhe 
delay between the upstream and down­
stream readings is deemed to be that 
offset time at which the correlation 
reaches its peak (see Figure 2.) 

Another unique feature of this 

Connector for Right Eleattode 

Pressure-Transducer Port 

Electrode 

Figure 1. Two Collinear Rod Electrodes mounted on the axis of a pipe serve as capacitive probes for measuring the quality and speed of flow of a fluid In 
the pipe. A temperature and a pressure sensor provide additional information on the state of the fluid. 

Like some other quality meters, this 
instrument is based on a capacitance­
measurement concept: The fluid flows 
Lhrough a space between electrodes, 
the capacitance between the electrodes 
is measured, and the volume fractions 
of liquid and gas are compu1ed from 
the effective permittivity, us-ing the 
known relationships (a) between the 
effecdve permittivity and the capaci­
tance and (b) betweeo the vol ume 
fractions and the effective permittivity. 
One of the unique features of this 
instrument is that it contains two 
capacitive sensors separated from each 
other by a small distance aJong the 

62 

tors. A vacuum jacket containing multi­
layer insulation minimi:tes heat trans­
fer into the fluid. 

The basic idea is lo estimate the 
speed of flow as the quotient of Lhe 
effective streamwise distance between 
the capacitive sensors dil'ided by the 
delay between common feaLures in the 
outpulS of both sensors. The signal fea­
tures are associated with the sizes and 
positions of bubbles as the) move pasl 
the electrodes, and it is assumed that 
the velocity of each bubble closely 
approximates the velocicy· of the sur­
rounding liquid. The cwo signals can 
be expected to have some common 

W\\w.nasatech.com 

instniment is the incorporation of a 
temperature and a pressure sensor. 
The combination of quality, tempera· 
rure, and pressur·e data enables a more 
nearly complete characterization of the 
fluid. These data can be used to esti­
mate the density. Then lhe mass flow 
rate can be estimated from the density, 
the flow speed obtained from the cor­
relation of capacii.ance signals, and the 
geometry of the instrumenL 

This work was done lry James E Fesmire 
a11d Rudy J Wl'tlink of Kennedy Space 
Center and KenMlh A. Rnsr, William D. 
HaJkl4 Robert C. Youngquist, lwhtrl 8. 
Cox, and johri S. Moerlc of [ .. NET. For fur-
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figure 2. The Correlation Between the Outputs of the upstream and downstream capacitive sensors 
reaches a peak at an offset t ime of --0.07 s. 

ther mfon11alto11, accesJ /ht Terlmical 
Support Packagii ( TSP) free 011-/ine at 
www.nasatech .com undn- tht Physical 
Scienu.s category. or circle no. 109 on 1hr 
TSP Order Card in thu i.mU:' to r«eit!t a 
coJry by mail ($5 charge). 

Th,s invention is owned l,y NASA, and a 
parent application has been ftl.td. Tla.s tech­
nolog) is being further deve]qp"I through 

NASA'.s Dual Use Tedmou,gy Dn,1el<rpmrnt 
Prog-ram, wk.en NASA a11d 1u partrur, Air 
Prod11cts and Clvmicals, fnc., a" jointly 
f11nding the droelopmental effort. lnqumt!. 
concerning the commtreial de1.1tlopme11t of 
thi$ technology should be addrts~d to lM 
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~ Identifying Electric-Charge Locations 
With Potential To 
Generate Lightning 
Locations and magnitudes of charges are computed from 
electric-field measurements. 
j ohn F. Knmedy Space Cente,; Florida 

The Thundemorm Localization 
Workstation (TL\\') is a prototype of 
computeri, that would be dedicated lo 
predicting the locations of imminent 
lightning suikes within geographical 
regions of the order of tens of kilome­
ters. The: T LW operate\ ctl a station that 
.-cceives readinS'!. from electric-field 
\ensors. called •field mills," a1 31 
ground locanons in an array that spam. 
Kennedr Space Center and Cape 
Cana,eral Air Stal.ion. The ,ignah are 
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enhanced b) use of advanced signal­
processing techniques, then inverted 
by me of a mathematical model of the 
elecuic field to obtain the locations 
and srrengths of thundemonn electro­
static-charge centers from which light­
ning could emanate. 

The TL\\' software is based panJ)' on 
the Multiple Signal Characterization 
(Mt,;Srq algorithm. which i~ an eigen­
anaJrsis algorithm that has been used in 
I.racking radio transmittel"i. In the pre-

,~.na...at.ech.com 
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sent application, MUSIC is adapted eo 
detect airborne electric charge centers. 

The present adapted version of 
MUSIC incorporates both point-charge 
and dipole models of an electric field 
above a flat conductivr ground. Usually, 
che point-charge model suffices to rep­
resent r.hunderstom1 charge centers. 
Inasmuch as the field mills measure ver­
tical elecu-ic fields, the point-charge 
model is formulated to e,cpress the ver­
tical electric field (£) at each ground 
location of interesL: E = 2QD/(4n&i7'), 
where Dis lhe altitude of the charge. Q 
is the amount of charge, to is the per­
mittivity of the vacuum, and r is the dis­
tance from the charge 10 the ground 
location. 

In preparation for predicting loca­
tions of lightning strikes, one defines a 
horizontal and vertical grid over the 
region of interest. A typical grid 
extends 10 by 20 by 10 km and has 
intervals of I km in all three dimen­
sions. One then precomputes a transfer 
matrix, each element of which consists 
of 2D/ ( 4ittor') for a given grid point 
and a given field-mill location. In I.he 
case of the 2,000-point grid described 
above and the Kennedy Space Center 
array of 31 field-mill locations, the 
transfer matrix contains 2,000 x 31 = 
62,000 elements. Precomputatioo of 
the transfer matrix saves computing 
time, helping to make it possible to per­
form aU other prediction computations 
in real time. 

[n the first two steps of the proctss, 
the TLW software reads data streams 
from the sensors and decimates the 
streams to a reasonable rate (typically 
between l and LO samples per second) 
that is sufficient for tracking charge 
centers yet low enough to not con­
tribute excessively to processing time. 
Jn the third step, the data are divided 
into segments between lightning 
strikes, segments that do noc contain 
semor- or 6eld-sa1uration effects, and 
segments r.hat do not contain sensor 
faults. A neural-network method is used 
co provide sensor-fault-detection capa­
bility beyond the capability provided by 
field-mill self-monitoring. 

Toe fourth step is to deeem1ine the 
order of Lhe mathematical model (in 
effect, the number of charge centers) 
on the basis of inspection of the eigen­
values of the selected segment. The 
fifth step is to perform the MUSTC 
inversion: The grid is scanned and at 
each point. a comparison is made 
between the eigenvectors of the select­
ed segment and the eigenvectors of the 
transfer matrix. Good alignment 
between the two indicates that a charge 
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center ha:. been detected. The resulting 
three-dimensional function is called the 
"MUSIC spectrum." 

The sixth step is eo locate peaks of 
MUSIC spectrum by use of a peak­
detector run over the spectrum. This 
run yields the three-0.imensional coor­
dinates of the charge centers. 

The seventh step is to find the 
amounts of the charges by in.serting the 
coordinates of the charge centers in the 
model and finding the lease-squares 
best fit of Lhe modeled electric field to 

the field-mill data. In the eighth seep. 
the MUSIC spectrum and the location 
and charge information are presented 
in a display that resembles a weather 
map overlaid on a weather-radar image. 
In tests with field-mill and lightning­
detection data from thunderstorms of 
recent years, the TLW charge-detection 
output da12 were found to agree with 
Lhe lightning-detection data. 

A method of optimizing the place­
ment of the field mills has been devel­
oped along with the TLW. This method 
involves the use of Cramer-Rao bounds, 
and can be used to design field-mill 
arrays for other geographic areas. 
Cramer-Rao anaJ)'lliS has also shown that 
sometimes a vertical-dipole model per­
fonns better lhan the single-point 
mod el described above. Thus, it would 
be desirable to develop a computation­
al method of distinguishing between 
single-point and dipole charges. 
lnvestigalions using neural neis for 
localuation and waveleu for signal seg­
mentation show promise as future areas 
of research. 

This work was dont by Chris Berthold, 
Ti11wthy M. Rynn,. Kim}. Olszewski. and 
john T. Robinson of Scientific Applications 
& Research Associates, Inc., for Kennedy 
Space Center. FOT further infurmatum, 
access th, Technical Suppurt Package (TSP) 
free o~line al www.,msatedt.com under the 
Physical Sciences category, or drcle no. 111 
on the TSP Orrler Caro in this issue to 
rtctive a ropy uy mail ($5 charge). 
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.. mail: sa.lesOeom.com 
lnterneL http1/www.ebm.com 

FREE Fan & Blower Catalog 

OETYOUR 
COPY NOW• 
ebm/Papst 
ofTCt'Sa 
complete line 
of Fan.,& 
Blower< Tius 
easy-to-re.id. 
easv .. to-os.e 
200-pagc 
cawog offcn. 
brusbless DC 
aodAC 
product> fo, 
all kinds of 
airmovmg 
application<. 

Backward Curved Impellers 
offer Quiet Versatility 

Quiel operation w,thou1 a scroll housing. 360" 
airflow. Higher efficiencies and quieter operation 
than M061 01bcr air movefS. AC or brushless DC. 
Mount in Ao-Thru Modules"" for easy assembly. 

Tubeaxial Fans, 40mm to 
225mm, AND Everything 
in between! 

cbm/P8p51 off~r the widen range of bn1sbles5 
DC and AC rubeaxial fan, in the WOl'ld. Plus all 
kindS or Olhtr an moving products. Applicatioo 
engineers alway, available. 860-674-ISIS. 
Mos! prodUC'IS IIIC in Mock. ready IO ship. 

FLATPAK's = Spot Cooling 

A grc41 answer far •J>Ot c:ooling. or <hallo", 1igh1 rns. 
FLATPAK's arequ~. e-ffic1en1 and good for moving 
atr agatnst higher <Wile prcs~ures. FLAiPAK"' 
blot1,CN moum in any position DC or AC models. 
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EPAD-Electronic Programming of Analog Devices 

Polanzalion·lnsens111ve Elec1roOp11col 
Modulator Syslems 

One-Sided Focusing Schlieren System with 
Rellec1ive Grid 

l 2a Capacitive High-Voltage Sensors for Phase-locked 
H19h.Yollage Supply Control Systems 

l 3a First-Order Modeling of o Radiometer in Mothcod 

On 
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Determining Temperatures from Hues of 
liquid Crystals 

H gh·Frequency Analog CMOS Adoptive 
Filter Circuit 

Analysis of on individual de on o hybrid microorcuiL Assessment of tnermol performance helps chorOClerize the cooling efficiency of d,fferent 
combinations of substro'e moterio[s and attachment methodologies. Photo courtesy of FUR System5 Inc., Portland, OR. 

NEW tram - - Design Validator 
intusoft An exciting new product that monitors design progress 

Closed Loop : Standard : OP- 02::solder splash - • What failurH do your tHtll detect? 

Meter OperatingPoint Measured Pus/fall • Have design changes affected performance? 

• An componenta at111■1ed within lmltll? • • 1 @Vcc111 -9l 67m Pass 
@Yee!IJ 2818m Fall - t @Vln(1J 0 Pass - I V(11) 0 6516 Pa" - t V(l2) 3 581 Pass - t V(13) 3 166 P a55 , ........... •* 
V(l ) -530 7m Fall 

• Can a component failure result in product liability? 

• Do you need realistic failure effects prediction? - or Is It OK to gueea? 

s--s....... 

=~-1 "o--.... - -'V~ 

O.iaW,cian 
('. ....... 
,:; Bllltl 
~ 

D•-

www.intusoft.com 
email info@intusoft com 
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Use the NEW Design Validator software 
to answer these questions and more De­
sign Validator includes a unique configurable 
schematic, built in fault dictionaries, com­
ponent stress reports and a complete data 
archive A single drawing descnbes all of 
your test configurations setup and stimu­
lus Failure analysis can be performed for 
mission critical applications from under sea 

Fo.- More tnformetlon Cird• No. 451 

to space systems. Download a 
free demo now or call for a CD 
demo. 

lntusofl 
P.OBox710 
San Pedro, CA 90733-0710 
tale 310 833 0710 
fax 310 833 9858 
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NEWS 
BRIEFS 
Not.es from Tndustry and 
the Federal IAboratories 

NASA Headquarters awarded Space 
F.lectrooks Inc. of an Diego, CA, a 
Phase I research contract under the 
Small Business lnnovauon Research 
(SBIR) program to evaluate the techni­
cal feasibilicy of radiation hardening of 
commercial microelectronics for space 
wilh the company's p roprietary Single 
Event Latchup Protection technology. 
The contract will be administered by Jet 
Propulsion Laboratory of Pasadena, CA, 
and all research will be performed at the 
company's San Diego laboratory. 

Princeton Instruments Inc. (P[) of 
P1inccton, NJ, announced that it has 
been acquired by Rope:r Industries of 
Bogart, GA, for an undisclosed sum. Dr. 
Yair Talmi, PI's founder, .... m become a 
consultant to the company, which plans 
to remain a leading supplier of cooled 
CCD cameras for spectroscopy and 
many applications in scientific digital 
imaging. John West, formerly CEO of PI, 

will become ilS president. Roper 
Industries has been expanding iu. ana­
lytical instrumentation group, which 
includes Gatan, a promineni manufac­
turer of cooled CCD cameras for trans­
mission electron microscopv. and 
Molecular lnuging. which make~ atomic 
force microscopes. Roper, which ~ listed 
on the New York Stock Exchange, i<: 
expected to bring increased financial 
resources to Pl, enabling the company 
to continue its growth. Pl will remain at 
its current address: 3660 Quakerbridge 
Rd., Trenton, l'{) 08619; (609) 587-9797; 
FAX (609) 587-1970. 

New Wave Research of Sunnyvale, CA, 
received a U.S. patent {5,611.946) for 
the multiwavelength laser S}'Stem and 
probe system rhat the compan)' utilizes 
in itS LCS 11 , LCS Ill, and Quikl.aze laser 
micromachiningsystems. Used primarily 
lor semiconductor failure analysis and 
Liquid crystal display repair, the small 
na.shlamp-pumped Nd:YAG lasers oper­
ate at 1064, 532, and 355 nm. Ed North, 
a spokesman for the company, cites as 
tbe lasers' uniqueness the ability to 
select the wavelength with the nip of a 
switch or computer command rather 
than changing laser heads or manually 
inserting dichroic mirrors and hannonic 
generawrs. North sap LhaL the pau.:nt 

also encompasses a motoriz.ed cnerro 
attenuator that allows precise control of 
laser energ} at each wavelength. The 
compan} sold its 1000th Nd:YAG laser 
system in Ma\' and nearly half of those 
sales have been muldwavelength sr-,tems 
tised in semiconductor, LCD, and parti· 
de image velodmetry applications. 

The nation's timekeepers. the National 
Institute of Standards and Technology's 
Time and Frequency Division in Boulder, 
CO, and the U.S. Naval Observatory in 
\Vashington, DC, are spreading the word 
that this summer \\ill be the longest one 
5ince 1994. The reason is that on June 30 
the Mo labs, along with operators of stan­
dard clocks in all of the world's scientifi­
cally developed counaies, added a leap 
second to keep the world's atomic clocks 
synchronized 10 Earth's rotation. This 
marks the 21st such worldwide adjust­
ment since 1972, as decreed by the 
lutemational Earth Rotation Ser.ice in 
France. The adjustment i.s needed 
because, though tJw best of ad,':Ulced 
clocks such as Lho,;e at NIST and USNO 
lose or gain much less than a millionth of 
a second in a )ear, the Eanh's rotation 
\-aries several thoui;andths of a second 
each da). The last leap second was on 
December 31, 1995, and the last summer­
timl! leapi.econd wa.-, onjw1e 30, 1994. 

Weather Proof, Ruggedized, 
Portable Industrial PCs 

Switch to LUMITEX: .. 
tile long-life, low-power 
hacldighting solution. 

2a 

IN Lite Industrial Notebook 
• I ftl.lenglh/Haght JI~ Sb, 

2 Type n <a 1 1ype no PCN£IA Slott. 
• Intel 166MHz Plllm• Procass« v.il!i 

MMX lechmlogy Up 10 6411.B DRAM. 
· ~~Powe,~. 

K. (4(),440l12) and OC 03•36ij. 
• Meets 11\f-Spec. 

Both Portables Feature: 
• Flll~llie{ost(Q 
• Shod,/Vm1ion and EMI/EMC Protedion. 
• 10.4' IFTVGA a 12.1' XVGA 

(1024 X 768) (Dior~ 

• 3 Yecr WorltJl!y, a~-

Ca II 1 · 800-KONTRON 
800-566-8766 • 714-851-1872 

IP Lite Industrial Portable hHp:/ /www lc.ontron.com 
• s AT /PO Sbts, 3 AA 2 Half-teilg1'l 
• lnlel 200/Nlz Prolm• ProcessQI Wllh • 

MMX T«mqy. Up a, 128MB ORM\ 

KONTRON ElEKTRONIK 

For More Information Circle No. 452 

LUMITEX Fiber-Optic Panels provide unmatched 
design flexibility for switch applications 
• Up to 100,000 hours service life 
• One LED can provide high, uniform brightness for one 

or more switches 
• Superior tactile response ensures positive 

actuation feedback 
• Costs less than EL and other lighting ematives 

For more informauon 
or technical assistance, 
contact LUMITEX 
(phone: 1-800-969-5483: 
laic: 216-243-8402) or 
your local 
LUMITEX representative. 

l ·-----•--Lumitex"; Inc. 
0twnn u/ , \ot;,, tw1 L«ftt 
MOO..(...di 
~.~tt1U. 

Ole cut capabltlty -
lets you adapt LUMITEX Panels 
to meet specifrc design requirements 

For More Information Cirde No. 453 



Your Battery's & For A Long Life 
Achieve the highest level of performance and life span for your battery with 

the new UCC3941 lntegraled Syndlronous Boost Converter. With only 1.0V of 

input, startup Is guaranteed under run load wtth a blast of soomw output power • 

from just a single cell. Even in hlgh rurrent mode, Its unique control scheme stops 

the life from draining out of your battery, and dell\lers the greatest efficiency. 

Maximize the performance of your pager, PDA or portable instrument 

power source by calling us today tor FREE 5amples and appllcaOon information. 

The UCCJ941 Advantage 

♦ Integrated Synchronous Boost Converter with 
SOOrnW Output from a Single Cell 

♦ 5.0, 3.3V or Adjustable Output Voltage 

♦ 1.0V Startup Guaranteed Under Full Load 

♦ Operatlon Down to 0.4V Input 

♦ OUtput Fully Disconnected During Shutdown 

♦ Additional 9V/1 OOmW Supply 

• Adjustable Power Limit control 

~ UNITRDDE 
► The Uneor IC Company fa'er}'onc FoUow~ 

TEL: (603) 429-8610 
http://www.unitrode.com • FAX. (603) 424-3460 • 7 Continental Boulevard • Merrimad<. NH 03054 

F« Mote lnfomwltlon Ord• No. 455 





P O \X-' E R E D B Y M O T O R O L A . 

ISDN Modem 
Hat~ tt«d for~? T1Mt d,is ,s 
your wllide. Wanks to Motorola 

dlips, )OIi ca,1 get 'i"",ea,:d to iust 
about 11JrytxxJ)• rn a flash. 

2-Way Pager 
The world's f,rst_ lwo-11,tl}' pager 

allows )Ol1 to rep!y 111sta11fai1'rlf1Sly 
ro messages dmx:tly from )Otr pager. 

~ 
Router 

Mororo/a 111teg,'!1{e5 brgh-pe,foonana 
{J10Cl!S¥)TS ,UJJ, CW111alllJCl111ats 

(irorocol anro/lm to nuke,c,11m 
1/t(Jtr! C05l t/f ec/ll 1(/. 

Connecnoos. Everybody needs chem. And wnh today's get-it-dore-ye;tl!rday mernaliry, ~ying in contacr is the only 

way to stly ahead of the pack. Thar's why leading-edge prof-essionals from all over the globe look for total ~ 

solutions to help keep them exrra sharp. And it's also the reasoo why Motorola works hand-in-hand with companies 

providing the technologies for tomorrow ro the end users of today. From Wired and Wireless Cooununicacions 

to the Automotive lndustry, Motorola products power the innovative solutions that enable your success. 

VtSir us at http://motorola.com/sps or call 1-800-521-6274 (Ref. #397). 

® MOTOROLA 
Semiconductor Products Sector 

What you never thought possible:' 



EPAD-Electronic Programming of Analog Devices 
Programming of analog ICs enables precision, versatile trimming of analog circuits. 
Advanced Linear Devices, Sunnyvale, California 

Trimming of analog circuii.,, tradition­
allv has utili7.ed mechanical \"ariable 
re,istors (trimpots) . Although practical 
from a parts-cost poim of \iew. this 
method ha~ everal disad\'antage~, 
including large size. high labor cost, 
instabilil). and the difficulty of remote 
implementalion. With che advent of the 
microprocessor, an alternath e method 
has been employed using microcomrol 
circuitr). This system is \'ersatiJe but 
requires a high material cost. A n~ 
technology called EPAD (electricall) 
programmable analog de,ices) electri­
cally programs analog IC:, that are func­
tioning componenLS of an analog cir­
cuit. This allows for low-cost precision 
u·imrning of a11alog ci1·cuits, since rmne· 
rial and labor is minimized. It is also ,·cr­
satile, being compatible with both engi­
neering-lab and production-line proce­
dures, and enables remote trimming of 
circuits in various ambient and field 
conditions. 

EPAD devices are a new class of 
CMOS integraLed circuiL lhaL allows for 
the bias vulrage vf MOSFET u.msiswrs, 
embedded in the IC, to be pro• 
grammed. The programming is accom­
plisht>d \ia lht' ust' of an inexpemi\·e. 
specially designed programmer, an 
IBM-compatible PC. and an adapter 
module that i.s compatible with the par­
ticular EPAO device being pro­
grammed. Various configurations of 
such device~ are possible from simple 
dual MOSFET transisLors to operational 
amplifier,. Standard programming soft­
ware allows for ba~ic variaLions in circuit 
performance. but users are free 10 

establish varied and specific applica­
tions bv de\·e loping their own software 
and adapter moduJc hardware. 

EPADs can be programmed in up LO 

2000 di,,crctc: ~Lc:p \\ith a resolution of 
0.00 I volt. Programming is achie-·ed 
through a series of software-controlled 
rapid-fire bursts of voltage, and is 
monotonic. This means the de\-icc can 
be programmed to successive!) higher 
voltage levels, bm not lower. 
Bidirectional programming can be 
achieved, howe\·er, b} utiliting che 
EPAD, in pairs. One dc\-ice can be 
incorporated into a simple circuj1 10 
alwa)S lower voltage and the other to 
alw:m increase it. t.hus allowing for bidi­
rectional programming. Once pro­
grammed, Lhe voltage'- are fixed and sta­
ble, and cannm be altered, even under 
power-off conditions. 

6., 

The programmer is a low-cost unit 
thal interfaces with .1 standard IBM­
compaLible PC (386 or higher, with 
DOS 3.0. Window,, 3x or Windows 95) 
via the parallel printer pon. The pro­
grammer contain'\ control logic. a preci­
sion analog-to-digital convener, a pro­
gram pulse counter, a switch mauix. 
and the circ.uitry required to make pre­
cise \Oltage measurements. Connect.ion 
to the programmer is accomplished via 
adapter modules, into \\lhich I.he EPAD 
i~ inscned, with indhidual programs 
that. are specially configured for each 
EPAD device. DOS-based software 

,erif) tbat the programmed voltage lev­
els are realized in each transistor. 

EPAD units can be programmed as 
standalone units, before they a.re pm 
into a circuit, or in Lhe system after the 
assembly has been built. This allows 
trimming circuits at various em-iron­
mental conditions. for example, EPADs 
ma> be used 10 provide trimming of ,ar­
ious ballery-operatc:d imu-umc:nt.:, that 
may experience varied ambienl condj. 
tions. In such cases the device can be 
programmed in an environmentally 
controlled chamber, or hostile field con­
ditions. EPAD programming is compati-

IBM-ump,;ribk 
PC supplitd by rmr 

Ozbk to PC Para.ll~l Pri11tn- Port f.ll/6 ••~ DOSJ.O., 
~ W"""-"'JX« 
Wi ...... ™95) 

15 VDC f>OW"' mpply 
supplied by user 

AdaptM- Modiik ,uith 
ribbon c11ble & 
com1«tor 

AWEPAD 
El«rrir11Uy ProgAt1nnabu 
Annlog Droice 

Sc;i'lematic of Advanced linear Devkes' E100 EPAD Programming Synem. 

aJlows custom programming of the con-
1 rol application software, wriuen in 
Quick Basic. The interface software con­
tains cwo windows, a parameter-selling 
window and a programming window. 
Users can develop unique programs 10 

allow for automatic and cu~1om prn· 
gramming of their entire circuit or sys­
tem. For in~tance. a desired circuit or 
S)'Stem output could be established and 
a mfcware program de\iscd to amomati­
cally program an EPAD device to give 
Lhis out.put. 

EPAD imegrated circuiLS are facton­
sct to nominal threshold voltage levels. 
Users first measure the thr~hold voll­
ages via the programmer and PC, where 
the \'Oltages for each transistor :tre dis­
played 10 Lhc neare~t ten-1housandth of 
a \'Olt. Each channel can then be selec­
Lively and individually programmed, via 
the PC keyboard, in incremenLS of0.001 
V. Values are displa\'Cd in reaJ time 10 

.,,,ww.na.,ateeh.com 

ble with engineering laboratory instru­
menis and software programs, malting it 
well suited for research and circui t 
development procedures. It is also very 
applicable to production, since trim­
ming of an anaJog circuit or system can 
be preprogrammed and completed as a 
final step after assembly. The procedure 
is rapid and inexpensive. For instance. 
circuiis that are encapsulated into mod­
ules can be trimmed without destroying 
the integrity of Lhe epoxy case, Ul\lS 
maximizing yield, cost, and reliability. 

Devrlopmt11t wurk on f<..Pt\JJ was complet­
ed bJ Advanced Linear Devices , 
Sunnyvale, CA, u11der the direction of 
fu.sidtmt Robert Clwo. For ad;;/itional infor­
mation. j11x Richt1rd Koury, Mark,ting 
Manager, al (408) 747-1286. Parents /,ai,,. 

been appliui for. Inquiries regarding licms­
ing of tliu urh11olOfJi should be directed to 
Advanced Linear Droicts. 415 Tasman Dr., 
Sv.nnyval,, CA 9'1089. 

July 1997 



SON~ 
The world's most 

advanced data recorders? 
(All DAT and more, SIR.) 

Who but Sony could pack speed. range density. 
features. and above all, portability, in such small packages. 

But rugged enough for the toughest field jobs. With 
multiple power capability: AC, DC. and battery. And, they 

perform. with individual per channel AID conversion and 16 bit 
linear quantization for exceptional data resolution and 

high dynamic range (80d8 or greater). Exceptional data with 
interchannel phase error of less than 1 . Choose the DAT or 

even higher capacity SIR series. It's just a matter of how many 
channels and how much data you require. 

DAT PC200Ax Series AIT SIR-1000 
• Up to 20 kHz analog bandwidth 

(100 kHz/PCHB244). 
• Up to 3 Mbps digital bit stream recording 

(mix analog and dIg1tal channels on the 
PCHB2441). 

• Multiple channel configurations from 2 to 
64 channels. 

• A wide range of voltage inputs. 
• Up to 6 hours of data storage (4 Gbytes). 

• 20 kHz analog bandwidth per channel on 16 or 
32 channels (up to 256 channels at 5 kHz). 

• 01g1tal bit stream recording to 24 Mbps. 
• The new Sony AIT (Advanced Intelligent Tape) 

and drive stores 25 Gbytes 
• Up to 32 hours recording duration per 

data cartridge. 
• Vanable speed record and playback 

minimizes data reduction time. 
• Complete computer integration 

lor remote control. 
-----~-~----, • Tnggered recording with pre­

• Supports Data Transfer from 
most OATtapes. 

Sony Precision Technology Inc. 
Toyo Butldng, 9-17, Nishigotanda 3-chome, 
Shinagawa·ku, Tokyo, 141 Japan 
Phone· +81 (3) 3490-3943 
Fax: +81 (3) 3490-4674 

PCacltn,_ llKll imrt•n In Wlt!doin' ~ 32·bll 
~ c«rtrolll •high~ AO con-, 

14> to , Gbyt• t>f •to•log .,,,,.,,,,., hl(Jh .,,..,, 
-ch. -1-1/M w•w monltorltlfl and tape d•t41 
fo,msl c,omwwlon. n..t ,,_,,. lmprvved ct.Ill 

,,,....,,_t And d11t"• OAT. 
I 

trigger, re-write error correction, 
standard voice and !RIG time cocle 
channels, optional SCSI fast & 
wide data interface. 

Sony Precision Technology America, Inc. 
137 West Bnstol lane 

Sony Precision Technology Europe GmbH 
Stuttgarter Strasse 106 

Orange, CA 92865 USA 
Phone: (714) 921--0630 
Fax: (714) 921-1162 

0-70736 Fetlbactt, Germany 
Phone· +-49 (711) 5858-253 
Fax: +49 (711) 580715 

http://www.sony.co.Jp/lnterChange/spt/corp.html 

r« Mon Information Clrde No. C56 



Polarization-Insensitive Electro-Optical Modulator Systems 
Costs of light-wave communication systems could be reduced. 
NASA's Jet Propulsum Laboratory, Pasadena, California 

Electro-optical modulator systems of 
two proposed types would be insensi­
tive to polarization; that is, variations in 
the polanzalion states of the input light 
waves to be modulated would not give 
rise to variations in the power levels of 
the output modulated beams. These 
modulator syste~ would be desirable 
in lighrwave communication systems, 
including fiber-opuc telephone. cable­
television. and millimeter-wave commu­
nication systems, plus future personal 
mobile communication systems. 

The commercial electro-optical mod­
ulators in current use are sensitive to 
polarization, making it necessary to 
take great care to ensure correct and 
stable polarizations in order to obtain 
stable outputs. This, in rum, necessi­
tates the use of polarization-maintain­
ing optical components - including, 
in many cases, polarization-maintain­
ing optical fibers. In comparison with 
ordinary single-mode optical fibers, 
polarization-maintaining optical fibers 
cost about 20 times as much and are 
more difficult 10 handle; these charac­
teristics contribute significantly to the 
high cost of present lightwave commu­
nication systems. Moreover, sensitivity 
to polarization precludes the use of sin­
gle-mode optical fibers in t.he field, 
thereby inhibiting the establishment of 
the superior lightwave communication 
systems that could be built around elec­
tro-optical modulators. Because of 
their insensitivity to polarization, the 
proposed modulator systems would 
decrease Lhe cost and increase the fea­
sibility of such systems. 

The upper part of the figure 
schematically illustrates a proposed 
polarization-insensiti\'e modulator sys­
tem of the first type. The incoming 
lightwave to be modulated would first 
plW through a polarization beam split­
ter, which would decompose the beam 
into cwo beams in orthogonal polariza­
tion states. The cwo orthogonally polar­
ized lighiwaves would plW through sep­
arate electro-optical modulators driven 
by the same signal The oucputs of 
these modulators would be directed 
into a polarization beam combiner, 
where they would be recombined into a 
single output lightwave. 

The power of each polarization 
going into its respective modulator 
would depend on the angle of polariza­
tion, 8, of the input wave. However, the 
power of the output wave could be 

8a 

made iodependem of 9; Starting from 
the basic equations for the behavior of 
the various polarization components. it 
can be shown that if the two modula­
tors were iden tical, then the power, P001, 

of the output beam would be given by 

P ..,, = aP..lcos[ ;( V{t)) +¢oil 1, 

where a is a transmission facror, P.n is 
the power of the input beam, 9( V(t)) is 
the variation in phase angle as a func­
tion of the time-varying modulation 
voltage V(t), tis time, and q,0 is an initial 
phase determined by the bias voltage 
applied to the modulators. 

Finally, the light from the reference 
and signal arms would be recombined 
in the outpul polarization-independent 
beam combiner. If the phase modula­
tors in the signal arm were identical, 
then the output power would again be 
independent of 9 and would be given 
by 

P..,, = (Pu/2)lcx,+a,cos[l/l,( V(t))+¢ri,ll, 

where a,.and a.are transmission factors 
for the reference and signaJ arms, 
respectively; 1/),( V(t)) is a modulation 
function like Lhat described above, and 
ip.,,and ¢,are initial phase angles for lhe 

Polarization 
Beam Splitter ® -I ~ 1- Polarization 

@ Beam Combiner 

Input Ught 0 Lsignal 
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These Elee1ro-Optlcal Modulator Systems would produce output signals with power levels indepen­
dent of the polarization angles of the inpl.rt light. provided that in each system, the modulators were 
identical. 

The lower pan of t.he figure illus­
trates a proposed polarization-insensi­
tive modulator system of the second 
type. A polarization-independent beam 
splitter would split the incoming Hgbt 
into two parts of equal power and iden­
tical polarization states. One of these 
light waves would be directed along an 
optical path called the "reference ann," 
where it would travel directly to an out­
put polarization-independent beam 
combiner. The other pan would be 
directed along an optical path called 
the "signal arm." where it would be split 
funher imo orthogonally polarized 
waves that would be phase-modulated 
by the same ignaJ, then recombined. 

www.nasau,ch.com 

signal and reference arms, respectively. 
Thu work was done by Xiaotian StQJe 

Yao of Caltuh fur NASA's J et Propulsion 
Laborato r y. for further information, 
auus the Technical Suppurt Package (TSP) 
free on-line al www.na.satech.a,m under the 
Physical Sciences cmegory, or circle no. 158 
on I ht TSP Order Card in lhi5 issue to 
receive a copy by mail ($5 charge). 

This inuention is uumed t,y NASA, and a 
pa1mt applicatum has been filed. Inquiries 
concerning nonexclusiw ur e;,,:dusive lian.se 
fur its commercial dew«>jnnent should be 
addmsed to thL Patent Ccunstl. NASA 
Residtnt Office-]PL; ( 818) 354-5 l 79. 
RLff'r to NP0-19'130. 
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If You Think Omron Only Makes Relays, 
Read Between Our Lines. 

I t's true \\e're the world's number 

one relay supplter. So ifs not 

surprising to learn that re;ign engineers 

and specifiers knoo us for our reby:.. 

But we aloo manufacture the 

world'<; most complete line of switches 

and photomicrosen<;0rs. 

For years we\e been building all 

type, of S\\ itche., photomicr~ru;ors, 

and relay!'. for leading companie:, that 

manufa<.ture telecommunication:, 

products, home and office electronic.,. 

compu1er periphdals, appliances. and 

HVAC t:quipmem. jU!l{ co name a few. 

Pro,-rn "/iab,liry 
1Mlt1 Omron 
rrla:p, 1w11rl,es, 
,wdphoto• 
muroun,o,. riv 
prefm-rd choitt 
of daig,t nigi11rm 
and 1fHt:ifim 
U'Orl,Ju.•id,. 

What does all this mean? That\ 

simple Our expenhe ~ ltXI co t.he 

development of standard components 

for all kinds of applicitions. And when 

you can fir a standard :.witch to your 

custom application, rou·re looking at a 

considt>rable cost saving~. Plus you'll 

see your design go into production tJ1:11 

much faster. 

switches, ml..och:mictl keyswitche:-, 

rotary and in-line DIP, thumbwht.-el and 

rocker ,;witches. amplifi<.>d and non­

amplif iecl phocomicro.'>eru,ors, PCB 

mount and connector-rl?:ld)' photo­

miaoscroors. as well :i.s lighted and 

oil-tight pushbuttons. 

And everything Omron makes L,; 

JOO% tested, available to you world-

,,kle, and backed up by outsianding 

technical and distrihuLion support. 

To find out if Omron has the 

component solution you're looking for, 

call now IO recei,e our Standard 

Products Catalog or visn our web sill' at 

hnp://\\,Yw.oei.omron.com. For a 

direaory of teehinical data ,heets. ctll 

Contro/Faxat l-8--i7-843-1963 and ask 

for ckx:umenc ::SO. 

lf }OU rc~nd to innovation and 

more effici~nt w:ir, of doing busine~s. 
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One-Sided Focusing Schlieren System With Reflective Grid 
All of the focusing optics are located on one side for compactness. 
Ame..s Research Center, Moffelt Fi.eld, California 

ln an improved focusing schlieren 
system designed especially for observing 
flow in a wind tunnel, all of the focusing 
optics are located on one side of the vol­
ume to be observed (test volume), 
instead of on both sides as in older 
schlieren systems. Thus. mo L of lhe 
insln.lmemation can be mounted in a 
compact aerodynamic housing that per­
turbs the flow minimally and that can be 
positioned within the wind runnel to 
obtain the required view oft.be observa­
tion volume. 

The immediate predeces or to lhe 
improved system is a two-sided focusing 
schlieren system that utilizes grids 
instead of the knife edges of classical 

focusing schlieren systems. In the pre­
decessor system, an illuminated Fresnel 
lens and frosted glass serve as a bright, 
diff11se source oflight on one side of the 
test volume. A source grid lies between 
the Fresnel lens and the test volume. A 
camera located on lhe opposite side of 
the test volume faces the source grid, 
and a cutoff grid (the photographic 
negative of the source grid) interacis 
wit.b the image of the source grid as 
modified by refraction in t.be test vol­
ume to provide the schlieren image. 
This image reveals gradients in the 
index of refraction and thus gradients 
of density in the flow in the test volume. 

In the improved system, the source of 

- Retroreflectfve ~ 
Covered by Source Grid 

Light Absorber/ 

light of the predecessor system is 
replaced by a screen of retroreflecti\'e 
material like that used in automobile 
license plates and road signs. The 
reuoreflecth·e material contains pris-­
matic particles that reflect Light diffuse­
ly but with greatest intensicy back along 
the pa1.h of a1Tival. A source grid b laid 
over the retroreflective screen. The 
grid-covered screen is mounted on one 
side of the test volume; it can be conve­
niently mounted on the wall or ceiling 
of the wind tunnel. 

The other optical components of the 
system, inducting the cutoff grid, cam­
era, and source oflight, are mounted in 
an aerodynamic housing on the other 

Source 
of Light 

/Beam Splitter 

/Primary Lens 

rid 

Image 

The Retrorefle<tlve Screen reflects light predominantly along the path of Illumination through the source grid. The light passes through the now field into 
the camera lens. Optionally, the beam splitter can be rem011ed and the source of light can be placed alongside the camera and aimed parallel to the opti• 
cal axis of the camera to illuminate the test volume and the retroreflective-screen/source--grid combination. 
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side of the test volume (see figure) . By 
use of a beam splitter, the source of light 
can be made to flluminate the screen 
and source grid along the optical axis of 
the camera. The retrorenecti\'e screen 
directs I.he light back along the same 
path through the source grid, and the 
schlieren image is formed in the same 
way as in the predecessor system. One 
side benefit of this arrangement is t.haL 
instead of being silhoueued by back 
lighting as in older schlieren systems, 
objects in the test volume are illuminated 
from the camera side and, as a conse­
quence, their details and interactions 

with the flow can be viewed more readily. 
A tabletop model of the ~)'Stem was 

built to test its design. The model 
included an J/5.6 camera lens with a 
300-mm focal length. The model exhib­
ited a sensitivity of less than 9 arc sec­
onds, which is comparable to that of a 
conventionaJ schliereo system. The sys­
tem had a depth of focus ofless 1han 13 
mm. A system of similar design was test­
ed in the NASA Ames 7 x HHt (2.1 x ~m) 
wind tunnel. 

This uKJrlc was done l,y JamtS T Hrimtk of 
Ames Research Center and Stephen M. 
Jaegrrr of Sterling Ftderal. Systems. For Jt1rlhtr 

information. aecrss the Technieal St1/Jjxm 
Pnckngr (TSP) frte on-lilte at www. 11asat~ 
ch.com under the Physical Sciences category. 
or circlt ,w. 125 011 the TSP Ordo Card in 
this issu,, to receive a copy /;j• mail ($5 
charge). 

This invmtwn has b«n paierittd by NASA 
(U.S. Patenl ,,lo. 5,515,158). lru1uiries con­
u rning non,-:,ulu .. uve or exclusille licP11SI' for 
its commercial development should be 
addressed to tlu Patent Counstl, Ames 
Research Omttr; (415) 6()4.5104. &fer to 
ARG.J3391. 

Capacitive High-Voltage Sensors for Phase-Locked High-Voltage 
Supply Control Systems 
Advantages include easy interface to digital or phase-locked control systems. 
Vandiver E!,ectronics, Hunt,sviUe, Al1lbama 

High Voltage lo be Sel1sed 

H,ghVollage 
Sense NelWor!I 
(Osolllator Tonk) 

Barium Titanate )(7R Capacitors 

~ 
Cente<· Tapped Inductor 

High Voltage Return 

Readily available high-voltage capaci­
tors with X7R dielectrics have been 
incorporated into radio-frequency oscil­
lator circuits to fom1 high-voltage-con­
trolled oscillarors (HVCOs) whose out­
put frequency varies with applied volt· 
age. The hjgh-voh.age capaciLors fom1 
part of a radio-frequency oscillator tank 
circuit along with center-Lapped winding 
on a toroidal inducLor. The use of a cen­
ter-tapped tank winding along with two 
sense capacitors allows the high-voltage 
input to be applied to an RF ground 
point, so thaL very little RF energy is 
leaked into the high-voltage system, and 
also serves Lo make the oscillator insen­
sitive to I.be impedance presented by the 
high-voltage supply being monitored. 
The center•tapped tank circuit is cou­
pled to the remainder of the oscillator 
electronics by another winding on the 
same core, as shown in Figure l. 

The advantages of a capacitive sen­
Figure 1. HVCO Tank Circuit . 

S18p1Ccx,vot 
Ccmmand• ,_ l'C 
orM-

MVCO(Mp,,t 
F n,qi,ency 

r--
1 

~ ------------7 Oulp«<Vobge 

cha.racteri1.ed over rhe expected ranges 
of temperature and high-voltage bias to 
be encountered during operation. The 
HVCO also presents an additional 
capacitance to the output ofa high-volt­
age stepping supply, and some addition­
al cu1.-eat is n:quired from the high-volt­
age supply during output step changes. 

The HVCO ci1·cuit bas been tested 
successfully in a prototype phase-locked 
loop (PLL) control system for a high­
voltage sLepping supply. A system block 
diagram is shown in Figure 2. 

A commercial PLL frequency syn­
thesizer lC formed the main control cir­
cuit in this system. A quarll. crysLal p10-

vided a stable clock reference for the 
system. The phase detector outputs 
from the PLL chip were buffered and 
used to drive infrared LEDs, which pro­
duced photocurrents i11 reverse-biased 
high-voltage diodes in an optoelectron­
ic high-voltage output stage. The HVCO 

was used to provide feed­
back to 1.he PLL from lhe 
high-voltage ou1pu1. High­
voltage steps were deLer­
mined by programming lhe 

sor include no power dissi­
pation from I.he high-volt­
age supply outpul for 
steady-stale outputs, easy 
isolation of high-,·oltage 
and low-volt.age grounds, 
and easy interface to digital 
or phase-locked control sys­
tems. The HVCO is also sim­
pler to implement tba11 
some other nondissipalivc 
means of sensing a high­
voltage outplll, such as elec­
tro-optic cells. 

I "-­F,-quenq 

I 
I HVC0 -- PLL chip frequency dividers 

through a serial digital 
interface. 

Since the capaciton; in 
the I-NCO are sensitive to 
temperature as well as volt­
age, a given HVCO must be 

12a 

I 
I 
I 
I 
I 

-­Dalwdllalc 
~ ... 

s..QlelC 

I ,....,,..,.....__.,,....,,,..-_, 
I -...,o.c."" 
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ll!Yfdeo'ColMII -
HVSjop 
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l _______________ _J em,,. 

Figure 2. Phase-Locked High-Voltage Control System. 

This work was done IJJ James 
C. Vandiver a/Vandiver Elec­
tronics for NASA's Planetary 
hutni,nent Definilwn and 
Dro,wpmem Prograt11 (grant 
no. NAGW-4.595). for more 
infonnoti()fl, amtact Vandiver 
at 741 Chase Rd., Huntsvi/lR, 
AL 35811; (205) 8.51-7712; 
Vandiver@rmhtsp.sr.unh,edu 
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First-Order Modeling 
of a Radiometer in Mathcad 
The model can be adapted to almost any d esign requirements. 
Stennis Space unter, Afississippi 

A first-order mathematical model of 
an infrared radiomeler functioning as a 
temperarure sensor has been created 
within the \fathead software frame­
\\'Ork. The model is a useful computa­
tional tool for designing and anaJy-ling 
the performances of radiometers. The 
model prmidei. eas} acce~ to the pri­
mary design parameter.; of a radiome­
ter and enables the user to manipulate 
conditions to fit a wide range of appli· 
cations. 

1,200 

1.000 
:,: 

e 
2 
e soo 
8. 

l 
600 

radiometer over all wa\elengths. the 
p~ band of the radiometer can be rep­
resented by a trapezoidal response-,:,.­
wa\elength plot. 

The transmittance of the intervening 
atmosphere and radiometer optics are 
specified by Lhe user. In the model. 
thei,c parameters are lumped into one 
transmittanct' value, which is multiplied 
by the gray-body spectral radiance for a 
given target temperature and integrat­
ed over the pa.ss band (which can also 

200--_.__ __ .._ _ _.__ __ .._ _ _.__ __ .._ _ _.__ __ .._ _ _.__ _ __. 

0 25 50 75 100 125 150 175 200 225 250 

D1gllal Count 

Temperature vs. Dlgltal Count was computed for the lookup table 1n a test case 

In lhe model, Lhe target (the object, 
the temperature of which one seeks lo 
mel\Jlure) is assumed 10 radia1e accord­
ing to Planck', radiation law as a gr.1y 

body of known emissivi1y. The target is 
assumed to fill che field of \iew of the 
radiometer. The detector in the 
radiometer is assumed 10 be a ther­
mopile with a response that is spectrally 
fiat and linear wilh input (thi:. linearil) 
is known to be only an approxunation). 
Other simplif}ing assumptions (iovol\­
ing various degre~ of approximation) 
include that no correction for ambient 
temperature is nece~ry. that I.he spec­
u-al transmittance of the intervening 
acmospbere and I.he radiometer optics 
are uniform over all wavelengths, that 
there is no reflected radiation and no 
aonospheric or 01her radiance coming 
from sources other than the target, and 
that for purpo~('!, of computing the 
integral of ~pectral re~ponse of I.he 
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be specified by the u.ser) to obtain the 
radiance at the detector. The response 
(output voltage) of the detecwr to thiJ; 
radiance is esumated from the detector 
specifications. 

The output of the detector is 
assumed to be fed through an amplifier 
co an analog-to-digital convener 
(ADC), the output of which is =d to 
address an electronic memon that 
implements a lookup table of tempera­
ture vs. digitaJ coum (see figure) The 
model computes the amplifier gam 
needed to maximize re:-.olution for the 
case of an 8-bit ADC with an input­
potential span of 5 \ '. The model fur­
ther computes I.he digital counts for the 
highest and lowest expected lcvc:I_) of 
radiance. The combinaLion of count:. 
and radiance is used to obtain a linear 
system transfer equation, which. 1n 
cum, is used to compute the count-to­
temperature lookup table. 

www.nasaLCch.com 
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Measure surface stress 
and retained austenite 
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The \fathead ,oftware framework makes iL possible to relax 
~ome of Lhe simplif)ing assumptions b} incorporating 1.he 
applicable speclr.ll Lransmittances, reflectances, deLector para­
meters, and 'or olher detailed information as needed. Thu . 
the model can be adapted to a more rigorous analysis to satis­
f) almost am design requilemcms. The model was created in 
~fathead ,·ersion 3.J for UNIX, and can be implemented in 
am Mal.head ,ersion 3.0 or later. 

This work was (/q)u by Brue, A Spimng of Stennis Space 
Center. For further informntion. acuss tM Technical Support 
Palkagt (TSP)free or,,.line at UJU1U1. 11asatech.com undtr tht! Physical 
Srimas category, or circle 110. 168 011 lht TSP Order Card in this 
,ssu, to receive a cop,, b) mail ($5 charg,). 

lnqu.iru:. co1umiing ngllt.s for tht commnrial 1ur of this invention 
should IN addmml to the NASA/ SSC Tuhnology Trun.:,Jer Office. 
(601 ) 688-23./6. &fer lo SSC-00043. 

Determining Temperatures 
From Hues of Liquid Crystals 
A nearly linear relationship between hue and 
temperature was observed in an experiment. 
Lewis R.esearch Center, Cleveland, Ohio 

Preliminary experiments have demonstrated the feasibility of 
a colorimetric technique for measuring the temperature of a 
surface coated with liquid crystals in a suitable binder. The tech­
nique co1Lld be used to map temperatures relatively nonim-a­
:,ivdy and :,hould be particular!) Ul)t!ful in experimenc.al inn:sli­
gations of heal-transfer processes. 

The technique is based on Lhe facL thaL cholesteric and chi­
ral,nematic liquid cryi,tals progressively exhibit all colors of the 
,isible spectrum as they are heated Lhrough certain tempe~ 
ture ranges. T he upper and lower limilS of Lhe temperature 
ra11ge of a given liquid-crystal mixture can be chosen by selec­
tion of the appropriate liquid,rystaJ ingredients and the pro­
portions thereof. Overall, color-change Lemperatures of cur­
rently available liquid crystal5 range from a few degree~ below 
zero to several hundred degrees centigrade, and the color­
change range of a liquid-crystal mixcure can be made as narrow 
as I °C or a.s wide as 50 °C. 

TI1ough the implementation of the technique involves atten­
tion to Lhe many details that affect any colorimetric scheme, Lhe 
basic principle of operation is simple. The surface to be 
obsen·ed would be coated i\ilh a liquid,rystaJ mixture formu­
lated LO change color over the temperature range of imeresL 
The object would be observed by a color video camera. The out.­
put of lhe video camera \\ouJd be fed to an image processor 
and computer, which would compute a quantit.alive measure of 
the hue of each picLure element from the red, green. and blue 
,ideo signals from that picture elemenL Then by use of a 
kno,\11 relationship between the hue measure and temperature 
(determined prC\iously bv calibration measurements at known 
temperatures), the temperacure or the surface point represent­
ed b) each picture element could be computed. Picture el~ 
men LS at the same: temperarure could be connected b) lines ro 
fo1m isotherms. generating a temperature-contour map of the 
omened surface. 

The upper pan of the figure illustrates schematically an appa­
raru.s used to demonstrate the technique. The lower part of Lhe 
figure pre(ents the results of a set of measurements raken on 
lhe apparatus. These resulls confirm the close correspondence 
between hue and temperatu1e for the particular liquid-c~tal 
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tested: particular!) norcwonh) 1s the nearly linear change of 
hue from 35.3 to 36.3 ' C. This linear range ~pans the visible 
spectrum from red co blue. and the uncertaintv band around 
any given hue ,alue in ll,c linear range ~ about 0.1 C \\ide. 

The preliminary experiments al-o showed that, as one would 
expect., the hue-,~.-cemperarurc relation,hip can change slight­
ly \\ith inten~il) or 1llum1nation and can changt· co a greater 
degree \\ith the angk of illumination. TI1erefore. co minimize 
the uncertainty in the mea~uremcnt of temperature, one 
should set the lamp~ at the same distance and angle from the 
ob<;en·ed surface during both calibration and \ttb-.cqucnt mea­
surements co detennine unknown temperature!>. Also co mini­
mize the uncen.atnl}, one ~hould keep all camera a4jwunenL, 
(gain, zoom, aperture, and the like) and all image-proct!l>SOr 
color-caprtuing adjusunent5 the ~e during calibration and 
subsequent measurements. 

TlletrnOCOUPIG& 
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n HoMirGun 
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EXPERIMEHTA.L A.PPA.RAT\JS 

Thetmc>oougle 
Readout 

lor Cehb<sbon 
Measun,moots 

200.-------------------~ 

O Test 1 
e T9512 
A Ttst3 

360 
Tempera!Ufe, C 

385 

"' Iii I. I • • 

37.0 

Ftl:SUUS OF CAUEIFtllTION Ml:ASURJ;IWl:NTS 

The Video Camera Observes a surface covered with I iquid crystals. A tem­
perature map of the surface can be generattd by computing hues from the 
color video output and by using the relationship between temperature and 
the hue of the liquid crystals. 

This work wa.s donr t,y Cn,gu Camri of Prmuyh•nnin State 
Umvm1fy and l\ut{OOn K,m of PuJa,1 Sntional Umi1m1IJ ( NJrrn) for 
Lewis Research C.enter. For Junlirr m/orm111iqn, a£c,j_\ Jhr Terh­
ni<al Supj>ort Parltar;r (TSP) frtt on-line at www.nasatech.com ,mdn­
the Phys,,·nl .\ril'llu, mt,gory, or c:irc/11110. 160 011 th, TSP Ord,.,- Card 
in this iu,u to rrawr a rt>Jrj by 111ail ($5 c/w,gp). 

hiquirirs ronurnml?' rif!/ILr for th, commnrial USI' of this mut'fltio11 
fhould hr nddrrt1Mi to the \'ASA l .n,•i~ R,starrh Crn/1'1': Co111merrid 
TtrhnJJ/JJgJ Olfiu. Aun: Trrh Bnef PatmJ Slalus. Hail &p i-3, 
21()()() Brookparll Ra., Clnieland, OH 44135. &ff'I' to W't~U260. 
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unum vc,...ti~ry. th< SCVC oa:osory which fcaNr<$ a 

chm~ r conrrol 10 \'11')' 10und ou1pu1, 11.nd the full uson­
mmt of cluoic Son.tlert produru. Full dimeruions and 
<pccific.,uons for all modch illd 1CCCS10ncs ar, prov,clcd. 
North Am•riull C.pacit<>r Comp•ny; phone: (317) 27~ 
!5,7, http:1/w..w. rua:-m.illory.a,m 

North American 
Capacitor Company 

For More lnfonnacion Circle No. 750 

OPTICS FOR 
METROLOGY 
N..,. 19'>7 caulog ccnta.uu 

120 pap of infurm• don 
and prim on 1oolmiil<cr.' 
m1cr0$(.opes. srereo mtcro­
•c.opes. align.a,cnt mic.ro­

lKO!'<'.O, monoculu zoom 
Olh:.ro~<>pe:i. micro--,ttlc­
t<'Of"$, pc,ckrt mrcro,copes. 
borncopa. m1tro ... idto 

l<nStS. ,rul likr optJC arul 1T11n1arutt illurrun.ut0n S)'netns. 

Al,o dacribed are «1Ttcnng miao,copct, opric:al cuniog 
11,ol g(')mttn· ,nalyzcn, X· Y t1blo, and mcaolinuhing 
cqu,pmcn Titan 1col ~•rplr Co In-., C 16) 873,-9907; 

fu (716) 8'.'3-<J'J'.)8 

Titan Tool Supply Co. 
For More lnformacion Circle No. 751 

High-Frequency Analog 
CMOS Adaptive Filter Circuit 
The circuit facilitates low-cost small interference cancellation 
and beam-forming for communications and radar systems. 
Naval Research Laboratory, Washington, D. C. 

An analog adaptive filter VLSI circuit 
using the least-mean-square-error algo­
rithm realized in 2-micrometer CMOS 
technology with external feedback 
amplifiers has demonstrated operation 
up to 80 MHz in frequency, cancellation 
of two simultaneous interferences of up 
to 60 dB, a notch filter bandwidth as nar­
row as 20 kHz, and a minimum adapt 
time constant of 20 microseconds. 
According to the re earchers the cir­
cuit's frequency of operation is Lhe high­
est reported for an integrated-circuit 
analog adaptive processor of its type. 
The chief potential uses for the circuit 
are as a co-site interference canceller, a 
multiple programmable notch filter, or 
an adaptive array sidelobe canceller for 
communications or radar systems. 

The 90° phase-shift blocks used in the 
adaptive filter circuit demonstrated were 
commercially available quadrature 
hybrid modules. However, RC networks 
capable of pro,idjng the necessary sig­
nals 90° out of phase have also been 
integrated in the same CMOS process 
used for the multiply-integrate-multiply 
circuitry. Continuous-time lapped delay 
lines (based on SAW, crystal, transmis­
sion-line, or integrated-circuit delay-line 
technology) could also be used along 
with the 90° blocks to improve perfor­
mance for Ii.near pred.ictor or adaptive 
antenna array applications. 

One of the serious difficu.lties in 
designing analog CMOS adaptive circuits 
is errors due to transistor threshold mis­
matches. This adaptive filter circuit con-

SIGNAL+ 
INTERFERENCE LINEAR 

PREDICTOR 

PROGRAMMABLE 
NOTCH 

PROGRAMMABLE 
NOTCH 

R1 R2 

Schematic of the Mult iple lnterferu Adaptive cancelle r using the least-mean-square learning algo­
rithm. It can be configured as a multiple programmable notch filter. a co-site interference canceller, a 
linear predictor, or an adoptive array sidelobe canceller. 

The adaptive filter circuit consisui ofa 
number of multiply-integrate-multiply 
taps (integrated in CMOS) whose out­
putS are summed and fed back (lhrough 
off-chip feedback. amplifiers). The dif­
ference between the feedback and input 
signals, the error signal, is used to 
update the weighcs, and also serves as 
Lhe output signal. The first multiplier in 
each r.ap correlates the error wi1.h the 
reference signal for that tap, and the 
result is thea imegrued over time, con­
tinuously updating the weigh1 for that 
lap. The second multipliers and sum­
ming block produces a weighted combi­
nation of the reference signals, which is 
then fed back. A pair or caps is required 
for cancelling a single jamming tone. 

M<w.nas:.\tech.com 

tains a novel autozeroing circuit to great­
ly reduce the most significant error or 
this type: DC input offset voltages of the 
integrator and DC input and output off­
set voltages of the lim multiplier in each 
tap. Another serious difficulty for which 
a novel solution bas been invemed is the 
problem of excess delay (or phase shift) 
in the high-speed feedback path. 

This work was tk,~ by Fritz Ku}) and Eric 
j usth of IM Na val Research Lab oratory. A 
patent is pmdmg. Inquiries concerning rights 
j M ti!'- com1TIJ'J'Ciai me of this i nvt11l ion 
should bt addressed to Dr. Richard H. Rein, 
Head, Ttchnol.ogy Transfer Off1re of th, 
Naval RetM.rch LaboraJory, 455.5 OverliJOk 
Ave. S~V. Washington, D.C. 20375-5320; 
(202) 767•3741. 
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NEW PRODUCTS 

Desktop Ele<tronic Desig n & Analysis 
\hCT..Sim Co,p lomc- C:A inuoduco R.,t..-_..,. I!. "'h,ch it all," 
11gl11.h tnlcgnttecl <UM4e>-lini,h dc,ktop tleccronic d~tgn and 
aruh,it (EDA) w,1rm for mi~cd analog/dil(1t>I d~ign~ Tho, 
companv point> 10 ,,.o new fl'atu~ as ,nnmaun: Dffign 
Joumal"' :>nd 0.,.111'1 \tanagc-r The tint <"tUblN .-n111n.-,n tu 
mark ch«kpomu at ~ cnmri>ad,, II) ,tltnn•lJ\e dC'SIR" dm·c• 
uo11,, compw-e the rnulL, ol :di tl,c altcm.lU\'t' ch0tu:,, "" "smglc 
graph, then procrcd wn.h the belt optmn. lk<ign ~uru.gcr fun<• 
tlnn, =u :an ioiUl,,nuuc urg-.. ni,,.,. hnlung 1nse1her .di fifh. n'ftl 

non-illA don1menis and rckrrnce$ "' OUL•1dt ddimhon•. ~..ied wuh the dcstR" into a Jingle . ..,,11. 
coru:amcd rnllf). Symbob from M•><kl,, aolJtltf:t kc-y ft"ature. allow, <"OJ!'lnec,n m dm.11lmd ~•mulation 
moo.,!, pubh,bt'd 1111 m,mufa<1un,,- "" th" lmcntcL •nil th" >)"'t<m .. 111 cr.-atc 'l)mbot. for th" modt"lt 
a.ulnm.uinll} in m1nu1~ 

fo<' - Information Orck H<>. 193 

from Ritt."11, 

Springfi,:ld, OH, wa, 
done .. ,th 'l"'ce-r.;niog 
1n mind. l ht' un1t1 

,.-.rhith can be mountrd 

on the ,-:iU ot rece~ 
through the ,-·.ill of 1h,· t"ncl~un,, mo a footpnn1 .. r 
Jll\l 20 m. 11 X 10.fi m. \\ X •. , in O .-\n .ibll$('•fnl'I­

Wnl mi,tOpf'UC'es,w-,r control\ and moniton encl<> 

rurr tcmJ>('r:Hurt • \ .._.akd barrirr bt-futen rx1emal 
and inrrmal air-001, path, prtw1dl'$ ~EMA 12 pro­
teCllon. l'he 11011.1. wht<h us,- ere;. and Hl.H~rre 
r~trigc•rant. ('2n opt:"rate- a.t up 10111 F ;unbjent 

fo<' - 1ni-t1on Clr<le Ho. 795 

lith.iunt•IOII hdll<'I'} 
pa~k protec1or that 

incorponilt".I .1n <lt1•dup •f"nt>4' fit-Id fffett t.r.1:01-ictnr 

(f'ET) I1.itd1 The LiCc:1911 '-Uegu.ir<b apph,auons 
iir.1111\1 ha1ierv output ,hon <ircuib. 11> pre,ision­
bandg,,p 1'0113ge rrrcr.-nce dt'ltt~ wht-n r1lher cell 11 
man .,.,rch.1rgrd •••"'"rducturg,-d .utr n,.- fFl 
n.i1ch 1heo open,, prottttinR the relb. Tcrnpt-ratun, 
range- i, -20 C 10 + iO C. It i., a,-,.,lable tn a l 1>1>•n 
SOIG pacl..1ge Price nf the IJCC:."H I 11 .$'1.4() In 
q1unUUN of IOOil 

ro, - lnfOfnlatlotl OrcM Ho. 1'e 

Th• \!SC Ol't.\ Signal"' tlmth 
ol llngk',<h.umel "goal conrl1• 
u,.,ning and oota.ung moc-luJe, 

from StosorPul«• Corp., S. 
r..uurn , \fA , ,. fidd,onfig• 
urabl<' 10 mte1 the- 11<c-r', 

re-qwrt"IJK"Tlt., hn c:;an ah.t, bro prNonfigwed or cu. .. 

1a1n<o11fig11r<-d at the lactnfli tor plug-and-pl•~ 
•pphcat10ru Model 1n1t1 dc1rnnmc 1hr mp111 ,ig11al 
tvp<'-<'urrrn1. ,olugc, lhrnnocoupli,, RTO. lrc­
qut-nn. potrntiom<"tM--and lheo ot.uput t\'JK"--cur• 

re111 or 1olt.agt". The dfflce> ha,c full lf>bit rt'10lu-­
tio11 and a """"<a'lt' .acC1ua,._, of f). I pc-rcent at the 
ornpu1 sign.ii nngc. The 1.-r..,in•I block mc-asurc< l<5 
'( ~ X 11 mm .inti ,, UI~ n,1l-moun13bl,, 

ro, - lnfomlatlon Cbde Ho. I01 
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Tht new noncon1.ac1 :,o opucal 
profilcr rr<>m \hto, Tu<'•on, 
Al, mea.rur.-, huinp hetghu 
be-low 1 :,l)µm for procc:"'5 con• 
trot of Oip<h•p p.1tk.lging. The 
-~1em, ,,.-h1<h Ulll171.'S opucal 

ph.,.....,htfu.ng and ,uric:al •cannini int,rft-mm•U)', 
proce"-<n np lo 30 million data poml'! p<'l' second. 
Empln>ing .,. Equ,pe Tecbnologi~ robot ,111d a 
,.-..rer prralJgncr, the, S)~ICm mramre,, 11,;afen front+ 
)C in. in diameter. ln pruduruon, th,: profilt"r amo­
maticallt dct= bump po~illu11, <older bridge., and 
niL•SJng ,nd cxtr• ~dcr bum~. dL,pla}ing pas,, £iii 
l'\"fflll.1 and po,ruon stawuc.< a1 Lile bump. dlr, waler, 
wdlo11 ... .,i. 

fo<' - Information Orele Ho. 1ff 

tr·onicj. S<h.2umbur,t. 11 ., ,~ 

•v.tllabk not only m <Wtdard I 
F'nnn A ~pm ;md 2 form A S. 
pm but .tho +pm contigur•• 
1inn\ . .-nd an 1ndwnzy,.ctancbrd 

,urfarc mo11111 and through-hnlt mountmg cnnfigu• 
ration,. Th<' dt'1cc< aho cume in a ,:inc-r,. of contin• 
oo~lo,11! cum:m connectlnns-AC. OC <inRle md 
DC p.tnllcl-~1 120. ISO. :and 2UO mA. Omron ,ug­
gl·,u tht rda,, for u·lccommunicmun, huok s,_g­
nalhng ancl hnl' k'i>e, da~co,n modem,, and au10-
m~1J< lr>I <"<j\Upmcnt. Pncmg •tMU •I Sl.1:10 m qu..n• 
htin t,f (()00 

fo<' Moft lnfon,,atJon Olde No. 79t 

of •urf.acMnount or 
1hrough•hole-m0ltnl 
,ndu,ro,- n,.,. ,.,,.. 

iurcan .bo1e-board height .,f O.s-t-0 111 ma.imum. A 
,,c!e range ol tnductmcc, ,aluc-s gn<J the, 1..e• flc,a­
b1hrv m mceung a ,:in<'f' ol s,1rs and kf applica­
tion, Pr~m '-"'"...., that the ~ti t.eriiM' oP"n coil/con 
oonstroction rnallcs the- mducton VC'I) ccooomic:al 
Pnang L' 111 the $l-pcr-un11 nngc in producuon 
quanliuci lor both •urtace-mount and through-holC'• 
n,uunt St\te.. 

Fo< More lnfomtatlon Chde Ho. 802 

w,,, ... ,nasa,t"fh.com 
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mcdunK:a.l ~n<'od~r 'potentiornc­

tcr-, ~ f,unil\ it - is lhc, indus­
try'• fim 10 cumblllr digit;i! or m.ilog arcwuy, low 
co.t. and the c•>mp;oct silt, of 1bt' 0.890-<n. package 
The lint al,o foal\Jra an in1cgra1cd pwhbuuon 
option. i.1.ubbli, ,-,th OJ "11hou1 dc1en11n rilhc-r out• 
put. for •mglO<lhah/ duaJ.funcuon applicaoo,u for 
r1thor tntf'rbce. The ,:ncodm can in1C'f1ace ditce'lh 
with dignal cir-cuu.rv ,.._,,I.bout an A/0 COP\trter. The 

700 Sena 1w a 100,00ll<)dc- life rJting at nomul 
opcnung rolTt'nl. rtqUirrs no C'1ll.l:rTW po""r~urce, 
md can bt ,nmlled duecth on a PC bo.,nl ,-,th a 
mounung br.1ekc1. 

fo<' _.. lnfonnatlon O rele Ho. 7'I 
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It sign.,r•• an EDA ,ool 
lhat au1omato an.alog 
•nd mi,ed ~ignal fault 

"mulanon, fauh diagno,I\, test ,ofrwart' dcwloi>­
mf"nt. ;and accie-pt.aDc.t' teat generation. Jt include, a 

fulh imc-gnted ,chemanc entry 1001, exterui\e 
model Ubrane'I, 3 <t.atNJf•the-ut SPl~d 11m­
ula1or. a graphical dau po.,tproce .. or, and rnanv 
1 .. awr"' to handl" test-<bt:1 an<1IJ""•• and r,epomng 
All kc-y dat.a entn, •n.il),is, and repomng fcarure• 
are graphiellll) dn,cn. More 1h,m 10,000 part mod• 
ell are pro'1ded and mo.<1 include predefined ra,1. 
UTf" modt"\ 

Fo< More lnfom,atlon Ol'Cie No. 797 

ID ccgra f rnm the 
Cromp1on lnurumco11 
Croup of RTR lnst.t1tmcn14. 

:-1.\nthtOlttt, ~H. is a p.mel­
mounted d1gilal iomu-
mem Iha, measu,n ilnd 

d1tpla\"' mott th;an I()() f'IC"rtnc-~l p:u.tmt't«".,. By ,un~ 
pie k<'),tr<>kcs tl\c u.er can ch..ck such par..mc:ten .u 
\: A Hz, W. VA, Var, k\\b, k\':\ Dern.and, \tin/ \tax. 
ilnd more. The compan, ,,I\, tu m,r R.\l:, mca.•ure­
ment in,ur5 acctU.U.t" h!.1ding1 of duton.«J '-"''l.\.~ 

form~ .ltld Lh•t 11 ,>Jl,en ci«ell,nt hannon,a han• 
dling. J1 ha, Lhrrt' opuon•I output module-1: 
RS232/RS4M commw\icauon.l, pul~ uutput, ind 
2nalog prm-id1ng four 0.1 mA ,,olltrd ourpu1< 

Fo< - lnlotmatlon 01CM llo. 800 

Prcamblc Jn,IJUJTlcnll, Be.I,~ 
enon, OR, it expanding its 

I ROO M"n~, of prccu1on dil­

f~rcn1ial amphfic,n ,-,th thl' 
\1odd 1822 a ,tand-.:tlonc 

ampltfler ,m~ndC'd 10 act aa a i•gnal<ondluomng 
pr..,,mpbfier for osrillooco!'ft ;u "'"" ;u n"n.orlt 
and "J>«U'Ulll anah·2c-rs. t:~d .. ,lh the ~lodcl 1822. 
m mc11lo,cope'i l-m\'-per-cl\u1on ~ra1u1ity can 
be 1ncrnsed 10 lµ\'perdmw,n. C:un can be sc:1a1 
I, 10. JOO.or 1()/)(), and mpu,~a.n ~ au,enu:u.,d I» 
a twor of 10. full band .. -idch 1s DC-JO \!Hz. Thc­
\lndd 1Rl!2 has a buih-,n precision offset ,ohag~ 
g~nerau>r lha1 c.on be sci to am wltage ben.-.,cn 
•/-1!'>5 V. 
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MEET WORLD SAFETY REQUIREMENTS 

'TAMURA custom designs and 
manufactures transformers for 
consumer, commercial, and 
industrial applications in 24 case 
sizes and 350 configurations ... up to 
300VA ... and all are recognized to 
severe UL 1411 requirements (file 
E98949). Certification requirements 
to CSA, IEC, VOE and MITI are 
easily met with TAMURA custom 
transformers. 

Featuresinclude a double 
protection system, 4000V dielectric 
strength, and physical barriers 
between primary and secondary. 

TAMURA's M1CROTRAN 
DIVISION provides technical 
assistance and a US factory for 
quick support on new designs and 
production startup. 

Plug-in worldwide with TAMURA. 

® fi·@ W~ 
• Over 2,500,000 units per month shipped worldwide 
• Any AC input, for any country 
• AC and DC output from 2.5 to 48V, regulated or 

unregulated 
• Single and multiple outputs 
• Switch-mode and linear models 
• Over 200 standard and 600 OEM models with output 

ratings from 2.0VA to 60VA available 

TAMURA HAS IT ALL. 
TAMURA builds over one million 
transformers daily, with 100% 
engineering control. We ship products 
from our ISO registered factories 
around the world and maintain a 
widely used ship-to-stock acceptance 
program. For world-class manufac­
turing, reliability and responsibility, 
go to the source. Partner 
with TAMURA and 
you'll get it all. 
Send your require­
ments today or 
Fax(909)676-9482. 

More Than Parts. 
A Partnership. 



• Heteroepitaxial Growth of Monocrystallioe Boron Nitride 
Thin films of }3-SiC would be used as substrates for deposition of cBN. 
J\:ASA:S jet Propulsio11 Laboratcny, Pasadena, California 

ln a proposed deposition proce~. 
monoc~talline cubic boron nitride 
(cBN) would be grown heteroepitax.iaJ­
ly on silicon carbide films. Success in 
Lhe development of the proceS:. would 
enable the growth of bulk cBN (perhaps 
also diamond) £or making high-temper­
ature. high-power, high-frequency elec­
LJ"Onic device. 

I leretofore, Lhe growth of monocry:,­
talline boron niuide hcteroepiiax.ial 
layers has been impeded by the lack of 
a suitable subsrrate material; co obtain 
Lhe monocrystalline form, one must use 
a substrate 'with a cryst.'llline lattice that 
closely approximaLe~ 1hat of cBN. 
v\l'hen silicon and other substrate mate­
rials have been uicd, lhe lattice mis­
matches ha\e resulted in amorphous 
BN in some cases and polycrystalline 
BN in other cases. 

The subsu-ate material in the pro­
posed process would be a film of j-SiC, 
10 to 30 pm thick. The film would be 

formed on a substrate of single-crystal 
silicon, then remo\'ed from the silicon 
substr,1tc and mounted in a graphite 

TOPVlEW 

jl-SiC Film 

SIDE VIEW 

The Ring cap on tile Holder would help to mini­
mize bowing of the 8-SIC film during chemical 
vapor deposition of 8N. 

holder that ,\ould m1mm1zc bowing. 
The film, mounted in the holder. 
would be placed in an electron­
cyclou-on-resonance chemical-vapor­
depositioa chamber, where BN would 
be grown on the film. The latuce mis­
match between t.he film would give rise 
to a compressive \tress in the film, caus­
ing the film to bow slightly. The slight 
yielding of the film under the latt.ice­
mi~match stress would reduce the lat· 
tice mismatch enough to allow the BN 
to grow in the desired cubic-Jauice 
monocrystallinc form. 

This w<>rk was dom by Virgil B. Shulds 
n.nd Frtdn-uk Pool of Cnlheh for NASA's 
J et Propulsion Laboratory. For further 
infonnation, acttss thr Ttrhnu-al Support 
Package (TSP) free 011-line at www. 
rwsatech.com undn- the Materials rottgo­
ry, or circle no. 127 on /he TSP Order 
Card i11 this issue to rtcrive a copy by mail 
($5 eharge). 
NP0-19761 

• Monolithic Foam Supports for Iridium Catalysts 
Experiments indicate that monolithic catalysts can outperform granular catalysts. 
LyndQn 8. Johnson Space Genin; Houston, Texas 

Experiments have demom,trated lhe 
feasibility of catalytic beds in Lhe form 
of iridium (the active catalytic material) 
supported by monolithic foams com­
posed of noncatal>·Lic maLerials. Here­
tofore, I.he ~tate-of-uie-an commercial 
iridium catalyst has con~isted of iridium 
supported on alumina ~heres. 

The monolithic foams can be made 
of materials that withstand tempera­
tures of 2,000 °C or more. In compari­
~on with catalytic beds made of packed 
iridium,oated granules, lhe develop­
mental foam-supponed cata.lyi;ts offer 
greater catal>tic surface area with less 
weight, pre,c:nt less rc,i.stance to the: 
now of reactant gases, and do not 
degrade over rime with regard to per­
formance or Oow resistance. In addi­
tion, the foam-supponed catal>-st.s can 
be made to exhibit lower thermal mass-

NASA Tech Bne~July 1997 

es and lower thermal conducthities so 
that they absorb less heat from reac• 
tant.s. This is an important ad,-antage if 
Lhe application is as a catalytic igniter in 
a liquid-propellant rock.ct engine. with 
fuel/oxidizer reactant combinations 
such ii!> hydrogen/oxygen (Il1/ 0 2) or 
monomethyl hydra1ine 'nnrogen te­
troxide (MMH/l\'TO). 

Some of tJ1e supporting materials 
under consideration are special high­
surface-area carbon foams made, in 
part, b>· augmentation of precur.;or 
materials and sub equem processmg to 
obtain I.he desired porosiC). lriwum is 
then formed on the surface\ of the 
foam ligaments. Other promising foam 
mate-rials include silicon carbide. sili­
con nitride, boron carbide. titanium 
boride, and hafnium carbide, allhough 
the experiments performed thus far 

www.nasat.ech.com 

indicate that carbon is the most effec­
tive foam mate1ial mer a \\ide range of 
Oo\\ conditions (depending on the 
materials being cai.alyzed). Further 
development efforts are expected to 
focus on opLim1LaLion of fabrication 
proccs•es to maximize ,urface areas, 
level~ or catalytic activity, operatmg tem­
peratures. and life expectancies and to 
improve thennomechanical propenies 
and emironmental compatibility. 

Thu work was do~ IJ,y &Jfaru ui Feria, 
Qin Jang, Robert H. Tt1/JlllS, and Richard 
B. Kaplan of ULTRAMET for Johnson 
Space Center. Ft!r ftmlvr informalilm, 
acct.U lM Trdmical Suf>Port Paclwgr: (TSP) 
free ol>-li11e at www.nasatech.com under th, 

Maurial.s ca~, or circle nD. 132 011 tlu 
TSP Ord,,,. u.ml in this issw to mmt a 
cOfrj b} mail ( $5 chargt). 
MSC-22287 
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Lowest Cost 
Data Acqui!iition 

AOAC's new Value-Line has 

uncompromising design features 

and high quality components at 

prices below the low cost guys! 

Just check out the specs: 

Lowest Cast 

5500MF 
8 channels 12-bit A/0, 
16 digital 1/0, Countermmer 

High §peed 

5508LC 
8 channels 12-bit A/D, 
100KHz, OMA 

Multl-Functlan DMA 

5516DMA 
16 channels 12-bit ND, 
OMA. 16 digital 1/0 

High Resolution 
55O0HR 
16 channels 16-bit A/D, 
OMA, 8 digital 1/0 

learn more: 

voice 

fax 

web 

email 

800-648-6589 
617-938-6553 
www.adac.com 

i nfo@adac.com 

ADA'---==-C ___ _ 
American Oeui Acquisition Corporation 
70 Towe, Office Park. Woburn, MA 01801 

For More Information Clrde No. 411 

0 Making InP Solar Cells 
From Tertiarybutylphosphine 
The risk of exp osure to toxic fumes is reduced substantially. 

Lewis Research Cent.er, Cl£Veland, Ohio 

E.,pcriment.s have 5ho,,11 Lhat tertilll)~ 
bucylphosphine (TBP) is suit.able for 
replacing phosphine as a precursor 
chemical in I.he fabrication of indium 
phosphide-based solar photovoltaic cells. 
Heretofore, doped and undoped films of 
InP for solar celb have been grown br 
organometallic vapor-phase epita,._, 
(OMVPE), using phosphine (PH,) and 
trirncthylindium (ln(Cll,),) as precursor 
chemicals. Excellent lnP films can be 
formed from Lhese precursors. bm phos­
phine must be supplied in excess for lhe 
OMVPE chemical reactions and is 
extremely toxic; irs Lh.reshold limit V'alue 
(TLV) is 0.3 paru per million and it is 
lethal in concentrations as smalJ as sever­
al pans per million. The potential for a 
substantial hazard arising from leakage of 
an industrial quantity of phosphine could 
well inhibit mass production oflnP. 
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Internal Quantum Efficiency was among the 
parameters measured in tests of cells made with 
TSP and compared with values from cell, mode 
with PH,. The slight deficit of the TBP cell wit h 
respect to the PH1 cell in this example is attrib­
uted to defects that were prese_nt in the sub­
strate of the TBP cell prior to epitaxial deposi­
tion of lnP from TBP. Presumably, such defects 
could be eliminated in future units. 

TSP was selected as a candidate to 
replace phosphine because it is much 
less toxic (TLV 1,100 parts per million). 
TBP is supplied as a liquid, Lhe vapor 
pressure of which is suitable for intr~ 
ducrion into an OMVPE reactor. TBP 
costs more than phospb.ine does, but the 
greater cost ofTBP would be offset by the 
reduction of risk and simplification of 
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treaunem of effluent from the OMVPE 
process. Prior to these experiments, 
excellent lnP films for microwave semi­
conductors bad been grown with TBP at 
concentrations smaller t.han Lhe corre­
sponding concentrations of phosphine, 
and at temperatures lower than those 
used for phosphine. However, prior to 
these experimems, InP films with areas 
large enough and minority-carrier life­
times long enough for efficient solar cells 
had not been grown from TBP. 

In the experiments, doped and un­
doped lnP films were deposited from TBP 
and ln(CHsh precursors injected into a 
flow of purified hydrogen, which served as 
a carrier gas. The gas pressure in the reac­
tor was typically 150 torr (20 k.Pa). The 
deposition sub5rrate was heated to a tem­

perature of 590 °C. Acceptor (p) doping 
was achieved by injection of diethyl zinc 
into the flow ofH2; donor (n) doping was 
achieved simjlarly, using silane as the pre­
cursor. Some of the films were used to fair 
ricate solar cells, which were then tested 
The tests showed that in most respects, 
the cclls made with TBP performed com­
parably (see figure) to state-of-the-an cells 
made with phosphine. 

[n the table, the measured solar-cell 
performance parameters of open circuit 
voltage Voe, short-circuit current density 
Jsc, and fill factor F'F for the TBP cell are 
compared to performance data from the 
world record PH,-produced InP solar 
cell. The only sborcfall of the TBP cell is 
in Jsc, which can be improved to compa­
rable levels by minor adjustments to the 
device structure. The internaJ quantum­
efficiency data only show the shon<ir­
cuit current deficiency of the TSP cell 
compared to Lhe PH, cell. 

This work was dom by David M. Wilt, 
David J Brinker, and William E. Frey of 
Lewi., Research Cen ler , Richard W. 
Hoffman,jr., of Analex Corp., and Navid S. 
Famni, Phillip P. JenJiins, and David A. 
Schei111.an of NYMA, Inc. For further infor­
mation, access the Technical Support 
Package (TSP) free on-lfoe at www. 
nasatech.com under the Materials mttgvry, 
or cirtle no. 129 on t/ie TSP Order Cant in 

this is.rue co naive a c<>frj by mail ($.5 ch~). 
Inquiries concerning rights for the com• 

mercial use of this invmtifm should be 
addrt$sed lb NASA uwis &seorrh uni.er, 

Commemal Technology Office, Attn: Tech 
Bmf Patent Status, Mail Stop 7-3, 21000 
Brookpark Rd., Cleveland, OH 44135. &fer 
to LEW-16314. 
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@ Software for Efficient 
Dynamic Management of 
Memory Space 

The Personal Space Management 
(PSM) computer program is a library of 
subprograms that provide functions to 
support efficient, dynamic partitioning 
of a contiguous block of random-access 
memory to suit an application program 
or programs. PSM minimizes processing 
overhead incurred in the management 
of memory space, minimizes waste of 
memory space, and prevents one appli­
cation from using all memory space and 
thereby causing other applications to 
fail. PSM divides each partition of mem­
ory space into two ·'pools" of vaiiable 
size; a •~mall" pool of low-Qverhcad 
bloc~ cont.-uning as many as 256 bytes 
of user data apjece, and a "large" pool of 
high-0verhead blocks that contain as 
many as 2GB of user data. The ~small~ 
pool provides extremely rapid manage­
ment of the blocks within it, while the 
"large~ pool manages its blooo some­
what less rapidly but makes a greater 
effort to minimize waste of space. PSM 
runs under either VxWorks or SunOS 
4.1.3 on a variety of compu1ers. 

This progra1n was written uy Scott 
Burleigh of UJ1ted1 for NASA's J et Propul­
sion Laboratory. For further inform.a.tum, 
aaess the Technical S1.tpport Package (TSP) 
free 011,line at www.11asatech.com under 
tlle Computer Software categltrj, or circle 
no. 120 011 the TSP Order Card in this i.m.u: 
lo receive a copy by 1riail ($5 cha~)-

This softwart is a:vail.ahk for commercial 
Liem.sing. Pl.tase ronttut Don Hart of the 
Calif01-nia Institute of Techno!,ogy at (818) 
393-3425. &fer to NP0-19903. 

@ Software Restores Image 
Blurred By Spatially 
Variable PSF 

The Massively Parallel Richardson­
Lucy (MPRL) computer program imple­
ments the Richardson-Lucy algorithm, 
which deconvolves an image from a spa­
tially va.iiam point-spread function (SV­
PSF). !\1PRL was de\"eloped LO restore 
blurred images produced b) the Hubble 
Space Telescope, but is also applicable 
to other optical systems in which images 
are sensed by charge-coupled devices or 
other arrays of discrete phot0detect0rs. 
Because deconvolution is computation­
ally intensive and SV-PSF deconvolution 
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more so. the use of parallel (concur­
rent) processing techniques greatly 
accelerates the code throughput. This 
entails much more computation than is 
needed for deconvolution with a spatial­
ly imariant PSF in the Fourier domain, 
making it desirable to accelerate the 
computation by use of parallel (concur­
rent) processing. 1n tbe Richardson­
Lucy algorithm, concurrency is achieved 
by systematic division of the image to be 
reslored. Only pixel values within the 
suppon of the PSF are interdependt>nt: 
tbus, an arbil.rary division of the image 
into segments with appropriate overlap­
ping guard bands enables I.he indepen­
dent processing of each segment. In 
MPRL, sucb concurrency is realized by 
we of a public-domain library known as 
the Parallel Virtual Machine (PVM) 
communications package. PVM makes it 
possible to imp lement a Rkhardmn­
Lucy restoration engine and to spawn a 
large number of such engines. each 
restoring different sections of the 
image, on a heterogeneous set of UNlX 
workstations. MJ>RL is also ponable to 
such computers as tbe Intel Paragon 
and the Cray T3D. 

This program was written by Andm,, F 
&den of Callech for NASA's Jet Propulsion 
Laboratory. Far further information, acCl!Js 
the Technical Support Package (TSP) free 
011,line at www.TUJSatech.com under the 
Computer Software categr,ry, or circle ,w. 

135 on the TSP Order Card in this issue to 
n:ceive a wpy uy mail ($5 charge). 
NP0-19914 

@ Program Generates 
Point-Spread Functions 

The Simulated Hubble Space Tele­
scope (SHSI') computer program gener­
ates point-spread functions (PSFs) to sim­
ulate the blurred images of stars and 
other point ol?jeclS as they would appear 
in the V.fide Field Planera.ry Camera Il of 
I.be Hubble Space Telescope. The PSFs 
capture the imaging effects of diffraction 
and of imperfections in the telescope, 
camera optics, and camera photodetec­
tors. SHST comprises an application pro­
gram and sets of data, which include the 
prescription of the telescope, maps of 
imperfections of the telescope mirrors, 
and data on fillers and other optical com­
ponents. The application program uses 
the prescription and other data to trace a 
large grid of rays through the telescope 
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and camera optics. The rays determine 
phases and ,ignettingfor physical-Qptics 
calculations of di.£fracLed images at the 
photocletectors. The images are ,-esam­
pled 10 the specified pix.cl size. T his 
process is repeated for each spectral line 
Lo build up a particular PSF. The PSFs 
generaLed by SHST can be used in 
image-restoration programs - for exam­
ple, the MPRL program described in the 
preceding article. SHST runs on UNIX 
workstations like the Sun SPARC and 
DEC Alpha computers. The prescription 
files in SHST are compatible with the 
commercial MACOS optical-analysis 
application program, which was devel­
oped in pan by NASA's Jet Propulsion 
Laboratory. 

This program was wrium lly Dal.lid 
Redding of Called, for NASA's Jet Pro­
pulsion Laboratory. For fttrlhPr infimmz,.. 
lion, access the Tl!Chnical Support Pmkage 
(TSP) free o~line at U1WW.11asatecl1.com 
under the Computer Software category, or 
circle no. 156 on the TSP Order Card in this 
issut to receive a copy by mail ($5 rharge). 
NP0-19937 

COSMIC, NASA's Software 
Technology Transfer Cenler, has 
an inven LOry of o\er 800 software 
packages that originally were 
developed by NASA and its con­
t.ract0rs for the U.S. space pro­
gram. T hese packages have a 
wide range of applications ocher 
than space exploration and are 
used by industry, academic insti­
tutions, and other government 
agencies. 

For further information about 
software available from COSMIC, 
or to receive a free d1sketLe cata­
log. contact COSM IC al: 

COSMIC 
The University of Georgia 
382 East Broad Street 
Athens, GA 30602-4272 

Phone: 706-542-3265 
Fax: 706-542-4807 
e-mail: 
service@cosmic.uga..edu 
WWW: 
http://www.cosmic.uga..edu 
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0 Constructing Finite Elements for the Integrated Force Method 
These finite elements help to realize the potential of the integrated force method. 
Lewis Research Center, Cleveland, Ohio 

A method of constructing finite ele­
ments for use in twer and three-dimen­
sional structural analysis b) the iategrat­
ed force melhod hru. been de,i~ed. In 
the integrawd force method, all inde­
pendent forces are crealed as w1known 
variables that can be calculated on the 
basis of simult.aneous imposition of 
equations of equilibrium and conditions 
of compatibility. Developed in recem 
years, the integraled force method 
offers advantages of greater accuracy 
and Ct)mputational efficiency, relative to 
the standard displacerocnt method. 

The n,·o-climensional finite elements 
that can be constructed by Lhe present 
method are triangular and quadrilateral 
elements (see Figure 1) that can be 
used in modeling arbitrary configura­
tions. The three-dimensional fmite cle­
ments t.haL can be conscructed by this 
met.hod include tetrahedrons and hexa­
hedrons analogous to the triangular 
and quadrilateral n,·o-dLmensional ele­
ments. plus tetrahedron- and hexahe­
dron-like volumes with curved edge 
(see .figure 2). 

The mathematical derivation for two 
dimensions begins with Lhe construc­
tion of equmbrium and flexibility maLri­
ces for the elemenl.5 from discrecii:ed 
equations for potential and comple­
menc:iry energies, re~pecti\'ely. The dis­
placement and stress fields ,\ithin Lhe 
finite elements are independently 
approximated. The clisplacemeat field 
is interpolated in the same way as in Lhe 
standard displacement method. 

The Slress field is approximated b) 
complete polynomials of the correct 
order. The coefficients of these polyno­
mials are initially unknown indepen­
dent forces. The equations that describe 
1.he components of the stress tensor can 
be derived from the Airy stress function 
for an element, which is written in terms 
of a complete polynomial of a certain 
ordc:1·. The resulting stre55 field identi­
cally satisfies the equations of equi­
librium. The element matrices generat­
ed by use of this stress field are not sen­
sitive to the orientation of the local 
coordinate system of the element. 
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The method includes a way of calcu­
lating the number of ,cro-energy (rigid­
body) modes. lt turns out that spurious 
iero-energy mode:. can be eliminated b) 
constructing 1..be stress field such that 
for each element, 11, ~ n,.-1, where n, is 
the rank of the equilibrium matri." of 
the element and n,, i!, the number of 
kinematic degrees of freedom of the 
element. 

polynomials and substituted into equa­
tions for stress componenrs. Then elim­
ination of linearly dependem coeffi­
cienl3 leaves the ~tress components 
expressed as complete polynomials, the 
coefficients of which are defined as gen­
eralized independent forces. The com­
ponents of the stress tensor thus deri\'ed 
identically satisf) the homogenous 
Navier equations of equilibrium. The 

{: Load .....--- 0 

DISCRETIZATION WITH QUADRILATERAL ELEMENTS 

DISCRETIZATION WITH TRIANGULAR ELEMENTS 

Figure 1. A Rectangular Plate With a Round Hole in uniform tension is one of many structural-analy• 
sis problems that can ~ solved by the integrated force method, using triangular or quadrilateral 
finite elements generated by the method described in the text. 

The mathematical derh-ation for 
three dimensions resembles that for two 
dimensions in some respecLS. It begins 
wilh a general fomrnlatioo to generate 
a suess-imerpolation macrix for each 
finit.e ~-olumc element terms of com­
plete polynomials of the required order. 
The fonnulation i~ ba~ed on definitions 
of components of the ~tress tensor in 
terms of stress functions. The stress 
functions arc expresi>Cd as complete 
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resulting element matrices are invariant 
with respect Lo coordinate transfonna­
tions and are free of spurious rigid-body 
modes. 

The formulation provides a rational 
way to calculate the exact number of 
independent forces necessary to arrive 
at a complete-polynomial appro,dma­
tion of the required order. Unfor­
n.mately, interpolation of stress with 
complete polynomials can necessitate 
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Metal Injection Molding (MIM) is the woy to go 
for srnoll, complex, high-volume, net shape 
pom. And we're the guys to go to. With MIM, 
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HeKahedron 

TYPICAL FINITE VOLUME ELEMENTS 

CIRCULAR ARCH MODELED WITH HEXAHEDRONLIKE 
CYLINDRICAL FINITE VOLUME ELEMENTS 

Figure 2. Tetrahedral, Hexahedral, and Similar Elements can be used to model bodies with arbitrary 
shapes. For example, a circular arch can be modeled by concatenated hexahedron-llke cylindrical vol­
ume elements of axial length d, inner radius r., and outer radius rb. 

the use of a large number of indepen­
denl forces for each element, in some 
cases leading to inconveniently large 
final sysLems of equations. Therefore, it 
could be wonhwhile to attempt to 
reduce the number of independem 
forces in stress-inlerpolation polynomi­
als while preserving the accuracy and 
reliability of the resulting finite ele­
ments. However, one should proceed 
with caution because ac present, there is 
no rational procedure for uniquely 
deriving stress fields with minimum 
numbers of independent forces, there is 
no proof that c.he resulting elements ate 
free of spurious zer~nergy modes, and 
in some problems, the elements can fail 
unexpectedly. 

The present method has been LesLed 
on two- and three-dimensional example 
srress-analysis problems for which exact 
solutions are available. In I.be Lests, the 
problems were solved by (l ) the ime­
grau:d force method using finite ele­
men1S generated by the present method 
and (2) the standard displacement 
finite-element method. In the two­
dimensional tests, it was found that over­
all, the integrated force method using 
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finjLe elements generated by the present 
method performed betLer than did the 
standard displacement method in pre­
dicting stresses, and that the integrated 
force and displacement methods per­
formed comparably in precliccing dis­
placcmcn1S. In the three-dimensional 
tests, it was found that cypically, the inte­
grated force method using finite volume 
elemems generated by the presem 
method performed about as well as or 
helter than clid I.be standard displace­
mem method in predicting stresses. 

This work was done b'yDale A. Hopkin.s of 
Lewis Re5eaJ"Cb Center and lgvr Kaljroic' 
and Surya N. Patnaik of Ohio Aerospace 
Jnstitut,. for fu.rtlur inftmnati<m, access the 
Technical Support Package (TSP) free on­
line al www.nasatech.com under the 
Mechanics caugory, or circle no- 140 on the 
TSP Order Card in thi.s is.me to receive a ropy 
by mail ($5 charge). 

Inquiries c01ueming rights for the com­
mercial ~ of this invention should bt 
addre$.ud to NASA Lewis &search Center, 
Ct,mmnnal Tulmology Office, Attn: T,rh 
Brief Palent StaJus, Mail Stop 7-3. 21()()0 
Brockpark Road, Cl.eve/and, Ohio 441 35. 
Refer to LEW-16421. 
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0 Machinery/Automation 

O First Supersonic Yaw-Vectoring Flight for the ACTIVE Program 
Yaw is controlled via thrust vectoring. 
Dryden Flight R.esearr:h C-enter, Edwards, California 

The F-15 Advanced ConLTol Tech­
nology for Integrated Vehicles (AC 
TIVE) aircraft recently engaged in ilS 
first supersonic yaw-vecLoring night al 
Drrden Flight Research (:(!nter. 
ACTIVE is ajoint program of NASA, the 
U.S. Air Force, McDonnell Douglas 
Aerospace, and Pratt & Vt1himey. The 
ACTIVE team will expand the flight 
envelope of the aircraft engine nozzles 
to mach 2 and 750 KCAS (knots cali­
brated airspeed) with maximum vector 
angles, rates, and power settings. 
In addition, the team wiU assess 
performance benefits and identi­
fy aerodynamic effects induced 
by two vectored supersonic jet 
exliauslS. Current plam call for 
approximately 60 flights witl1 a 
total time oflOO hours. 

safe dual redundant actuation system, 
making it compatible with single-engine 
as well as twin-engine aircrafL The PW-
229 engine with a similar pitch/ yaw•vec­
toring 110:u.le has been selected for ime­
gralion into a modified F-16D aircraft. in 
the U.S. Air Force's Variable-Stability ln­
llight Simulator Test Aircraft (VISTA) 
program. Moreover, the P /YBBN has 
been selected for the concepL demon­
strator Jofot Strike Fighter competition 
aircrafL 

Another important feature is the pro­
duction-orienled P /YBBN design, 
which will ease transition of vectoring 
cechnology to production applications. 

This wtrrk wa.> done b; Gerard Srltlwl11ih, 
Tim Co1111ers, john Onru:, Bob Sims, Mike 
EarLt, Kn1in K,l/n1berger,joh11 Carll'T', MnTk 
Stephe11so11, Ting Tseng. and Karla Shy of 
Dryden Flight Research Center, Jim 
Dis/mJw. Ii-~ RJan, and Mikt Murat0rt of 
Analytical Services & Materials, Pete 
Schaefer of Sparta, and Michael Hufano, 

The F-15 research aircraft. used 
in the ACTIVE program (see fig­
ure) is a one-of-a-kind system. For 
the first yaw-vectoring flight, 
power to re:ich supersonic speeds 
was provided by two state-of-Lhc­
art Fl OO-PW-229 engines modi­
fied by installation of a pair of 
piLch/ yaw balance beam nozzles 
(P/YBBNs), which are multidi­
rectional thrust-vectoring no1..2les 
that were used to vector the 
engine thrust horizonially and 
vertically during the night. 

F-15 RESEARCH AIRCRAFT 

• Fail•safe design accommodates ff,ght condition: 
nozzle remains open in supersonic flight, ctoses 
once flight tleComes SUbSonlC. 

• Pin joints (no roller tracks or sliders) maxim,ze 
resistance to wear. 

• Divergent design enables independant exllaUst-area 
control with optimal scheduling lot per1omlanoe 
and acoustics. 

ENGINE Willi THRUST-VECTORING NOZZLE 

For NASA's flight research. 
each P /YBBN was mounted on 
one of me two engines. The fan­
duct cases of the engines were 
modified to provide lhe addition­
al strengLh needed lo withstand 
the vectoring forces. Installation 
oft.he P/YBBNs also necessirated 
minor modifications of thf' rear The ACTIVE F-15 Aircraft features two state-of•the-art engines modified to include muftidirectional thrust-vec· 
fuselage and main engine toring nozzles. 
mounts. The P /YBBNs are s1m­
metricaJ and can direct thrust at an 
angle up to 20° with respect co the 
engine cemerline. The balanced-beam 
concept, which has been proven in ser­
vice in FIOO convergent/ divergent 
exhaust nozzles, minimue~ control 
acruation loads and reduces the need 
for hea\'y, reinforced structures. 

Each P /YBBN nozz.le includes a fail-
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Benefits expected to accrue from 
thrust vectoring in future aircraft 
include extended range, increased 
maneuverability, reduced operating 
cost, and greater safety. The present 
thnist-vect.0ring concept should lead Lo 
significant increases in performance of 
both civil and military aircraft firing at 
subsonic and supersonic speeds. 
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Don Warm1, and john F1.ynn of McDonneU 
Dooglas Aerospace. For further in[urmation, 
aca.ss the 1echniral Support Pacho.gr (TSP) 
free on-line at www.nasntech.rom under ti~ 
Machinery/Automation category, or circle 
no. 105 011 tht TSP Order Card in this isfW' 

to recewe a c.ofJy by mail ($5 charge) 
DRC-96006 
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The Motion Simulation Standard for Windows/NT 
Most engineers build physical rather chan computer 

prototypes. \Ve don't blame them. Computer simulation 
can acrually slow down the design process if the 5oftware 
isn't up to the task. Doing functional tests on a computer 
requires software that is accurate, reliable, and easy to use. 

\Vorking ~1odel saves you rime and money right out 
of the box. You ·n notice it in the details; the clean, one­
step installer makes gening up and running a breeze; the 
indusuy's most advanced moaon simulaaon engine 
automatically handles collisions, contact, and fnction; 
and \,\'orking Model's innorntive user interface makes 
computer simulation accessible tO e\en the occasional user. 

Sffl -

You c;an design in your preferred environment with 
seamless interfaces co Solidv\'orksn1, Intergraph Solid 
EdgeTM, and Autodesk Mechanical Desktop=. Automatic 
Constraint ,\fappingn.1 technology expands your CAD 

assembly into a functioning Working \lode!. 
This is why ½'ork:ing i\fodd has been recognized 

with two of the mosr prestigious awards in the mechanical 
C\DIC.\E industry: "Product of the Year" from both Des1g:,1 

Xew, and :-.',1Sr/ Tech Briefs. 

For 11 demo qr for your local denlrr call 800-766-6615 
Or contact 1,s nt www.working,1UJdel.am1 

Working Model· 1XGIII -\\urbng .\1odcl Inc. 
:\ Division uf Kn,,, ledge: Rnoluuon 
66 Bol·ei: Rozd. Suite zoo 
Sm \late<>, CA 114401 
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Manufacturing/Fabrication 

E!Au X-Ray Grids on Si by Optical Lithography and Etching 
These grids can be used in an x-ray solar telescope. 
NASAs Jet Propulsi.on Laboratory, Pasadena, California 

Fine-pitch, thin gold grids supponed 
by silicon substrates have been devel• 
oped fo1· use in pairs to collimate x rays 
in imaging and spectroscopic instru• 
menlS. These grids are designed to pro­
vide collimation at photon energies up 
to 30 keV. A representative grid of this 
type (see figure) comprises gold x-ray­
absorbing slats 25 µm thick. and 17 µm 
wide, with a pitch of34 µm (so that the 
slats and lhe slits between I.hem are of 
equal widt.h). The grid also includes 
integral stiffeners perpendicular to the 
slars. with a pitch of 500 pm. The grid 
occupies an area 5.5 cm in diameter on 
the silicon substrate, which is a 200-\lm• 
thick wafer of 3-in. (7.62-cm) diameter. 

The silicon substrate is semitranspar­
ent at photon energies >10 k.eV, but 
blocks x rays with photon energies as 
low as 2 keV. To prevent the substrate 
from blocking the passage oflow-cnergy 
x rays and to enable optical characteri­
zation of the grid, the silicon 
substrate is perforated with 
holes I mm wide by 4 mm long 
with rounded ends. These 
holes arc arranged in staggered 
rows with their long axes per­
pendicular to the sliu and slats. 

a11d exposed in the pattern of the holes 
LO be formed through lhe substrate. 
Using equipment at UC Los Angeles, 
I.he exposed partS of the substrate are 
etched through the entire thickness of 
the substrate by use of XeF2 gas. which 
reacts with silicon to generate gaseous 
products that are carried away by a vac­
uum pump. The remaining parts of 
both phoLOresists are lhcn removed by 
use of acetone followed by a ~piranha .. 
baLh (5:1 H2SO◄:H202)- T he Cr/ Au 
strike in the holes through Lhe substrnte 
is removed by use of a solution of 3:1 
HCl:H2O, . which etches Cr much more 
rapidly than it etches Au. finally, a 1ing 
made of a low-thermal-expansion nick­
el/iron alloy (Invar or equivalent) is 
glued to the wafer. 

Prototype grid~ rabricau:d in this way 
have been characterized by use of a visi­
ble-light caljbration system to verify the 
registration of the grids. The grids were 

Stiffener 

FabricaLion of the grid 
begim with evaporative deposi­
tion of a 50-A.-lhick layer of Cr 
followed by a 300-A-lhick layer 
of Au on one side of the sub­
strate to form a seed coat 
(·strike") for subsequent elec­
troplating of the 25-µm-t.hick 
layer from which the grid will 
be made. A pholoresist 25 µm 
thick is deposited on lhe strike, 
exposed in the grid-and.stiffen­
er pattern, and developed. An 
ox·ygen plasma is used to strip 
resist residue from lhe strike. 

Si Wafer (Substrate) 

Then gold is electrocleposited 
omo the exposed parts of the 
strike between u1e remaining 
photoresisl ridges to a thick-
ness of 25 iim, forming a gold 
grid with photoresist between 
the slats. 

Slats 

found LO satisfy the regi tration specifi­
cations LO the Umit of lhe calibration sys­
Lem. The gold grids have been shown lo 
be usable for the collimation purpose 
for which they were designed and can 
be easily tested by laser techniques 
while they are mounted in place in sci­
entific instruments. 

This UJ(Jffl was done l,y Reid A. Brmnn1, 
Dean V. W~ and Michael H. H«ht 
of Caltech and David Pankow of The Space 
Scimas Laboratory, UC Berkeley, for 
NASA's Jct Propulsion Laboratory. For 
further infonnalion, acuss the Ti!t:hnical 
Support Parka~ (TSP) free on-line at 
www.11asat.ech.com under 1/ie Ma11ufactur­
ing/Fabricatio11 category, or circle no. 172 
on /Ju TSP Order Carel in tlu.s isstu to rn:eive 
a copy IYy mail ($5 charge). 
NP0-19857 

The wafer is turned over and 
a 50-µm dry resist is applied 

A Thin Gold Grid is supported on one face of a silicon wafer that contains holes in staggered rows. The holes allow 
lower-energy x rays to pass through the wafer to the grid, and enable optical inspection of the grid. 
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■ aser cutti■,ag and 1-na1"1d1,ag 
is easy and econo■-nical. 

He~"s u~e proof. 
No mistake. Every day over 10,000 Synrad CO2 lasers cut, dnll 
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macenak Apphcanons are pracncally boundb!>-thc more you 
learn about our lasen, the more u~e5 you will find for them. 

Simple to use with the reliah1hty demanded b)· the toughest 
mdu,mal applicaoons. No gas bordcs to replace, tools co resharpen 
or noult:\ to clean-our lasers ofic:r mamrenance-free operation 24 
hour. a dav for over four years. That's why !::>ynrad la,ers cmt I~ 
to buy and run than other r..-chnol~n:s. 
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problem:.---cver. 

Eliminate die ctJITer.r., blades, scribers or ink. The small fOCll,;ed laser 
beam produces sharp, clean edges and, as the proces:. is non•concact, 
intricate pam:ms can be cut in thin, delicate matenals with no drag-­
even at high ~peei:,. COz lasers can offer increased precision, higher 
proc~mg speeds and le-s wa:,ce. 

Nev1..'1" 115ed a laser heforel Ne1tlwr had mo.t of our cu.~ before 
talh~ to u,. To learn how ~led COz laser.; can help improve your 
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1.80Cl.SYNRADI today. 
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• ADVANCE QUALITY SYSTEM Compliance 
with 1S0-9OOO International Aerospace, and all 
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• CAD/CAM DESIGN thru completed assemblies 
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FOR QUOTES FAX BLUEPRINTS TO 216-475-66H 
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ea Collimating Cylindrical 
Micro lens Assembly for 
Diode-Laser Arrays 
Lasers are used to derme lens axes via 
photolithography. 
Goddard Space Flight Cenler, Greenbelt, Ala1yl.and 

A method of fabrication of cylindrical microlenses in precise 
alignmem wilh two-dimensional arrays of diode lasers has been 
invemecl. The method is applicable to arrays in which the lighL­
emitting facets of the individual lasers are typically about 10 µm 
wide and 1 pm high. These are eLched in a semiconductor chip, 
which is cut into 1-cm wide chips, or bars, for mounting in nvo­
dimensional sucks, as shown in Figme l . The interbar spacing 
is typically 400 µm, which is the minimum spacing in which the 
heat can be removed effectively from each chip. These packages 
are assembled and soldered manually, thus the imerbar spacing 
can vary by± 40 µm. The lighL emiLted from Lhese facets is high­
ly divergent in the croSHectionaJ plane perpendicular to I.he 
rows, due to diliracti,·e effects of the 1-µm apenure. Precisely 
aligned cylindrical lenses are needed to collimate each 1~m row 
of beams for efficient coupling to external devices; for example, 
coupling pump light into solid-state laser crystals. The assembly 
of cylindiical lenses for a two-<limeosional stack of arrays is very 
difficulL, as each lens placement requires micron accuracy. 

The essence of the method is to use Lhe pattern oflight emjL­
ted by a diode-laser array as the master pattern to defme a pal­
Lern of cylindrical lens placement on a rack thal can later be reg­
istered mechanically with the a,rra). First, a sheet or plate of pho­
tolithogrnphic film is placed on a u-anslacional stage, parallel to 

Ught·Emitting Spots 

STACK OF DIODE LASERS WITH 
TWO-DIMENSIONAL ARRAY OF LIGHT-EMITTING SPOTS 

USING THE ARRA V TO EXPOSE A PHOTOGRAPHIC PLATE 

Figure 1. An Array of Diode lase~ is u.1ed to expose a translating photo-
graphic plate, forming streak images coincident with i ts rows. 

NASA Tech Bliefs,July 1997 



the face of !he array. The plate is placed in contact \\ith the 
diode =Y· (This doo not damage lhe semiconductor materi­
al, as each chip is mounted on indhidual heat-sink shiml,, 
rece,,;ed by around 40 pm from the front of the arra> package.) 
The array is turned on to expose the plate, making a 1:1 image 
of I.he individual row~ of diode lasers. The photographic film is 
then gcntl} pulled awa} horn the ami> and ltarulated a kw mil­
limeters to the left or right and reset in comact with the arra}· 
where another laser pulse is exposed on I.he film. 'When per­
fonned correcllr and ,~itll the correc.t inu:n~ity, a 12- to 14-mm 
i.ide image is fonned from \\hich a chromc-on-gl~ photomask 
can be made for photolithography. Of course, all the handling 
of the film and the expo,ing proces., must be performed in dark­
nt'$. To reduce the difficult)· of making exposure~. a laser ·cam­
era~ has been corutructed chat allow-. the complete alignment 
and ,et ting up of the laser ami} and film to be done in low Jjght. 
All that is left for the darkness b the remo\'al of the exposure 
plate and I.he adjustment of the laser array to contact the film. 

11,e photomask i.s tL'>ed for the 51illldard phowUthographic 
process where a silicon w:.ifer is etched i.ith u-ougru, correspond­
ing with the ClOlC'l ru-rangement of dt(" partirular diode :ur.t\. The 
trough aspect ratio and wall slope angle arc dc1ermined by (I) 
the photorc,i..,t ultra,iolct cxpo,ure and etching rimes and (2) 
the orien iation of the silicon Cf)'lital lattice in the wafer, respec­
tively. A central section of tile etched image, corre;ponding to the 
emllling face dimensions of U1c diodc-arrav package, is cut from 
the ~ilicon wafer. ½ltat remains i~ a rectangular hole wi1.h etched 
1r0ughs, a few millimeters wide, on opposing side:, of the hole. lt 
is in l11ec:e u-ougru that tbe ends of tiny qlindrical le~ will be 
precision glued into place. such that I.he len<;(:l, will span I.he hole 
and be identicall) spaced ~ith each other a, the mdividual ban in 
the laser-diode arra>•· The cylindrical lenses are silica rods, l 00 to 
300 µm in t11ickness. and arc drawn imo shape like Ober optics. 
Through I.his proces\, an ashpcrical shape can be produced on 
Lile front and I.he back ofllle lens. thus creating an excellent ~in­
gle-element opt.it: ()C<: Figure 2). 

Thu u,crk u,as door o,· D. Barry Qryle of Goddard Space .Flight 
Center. F(Jr f11riJu,,r mjunnntum, <Jr<~ th, Tuhmral Support Parkngp 
(TSP)free 011-line a1 www.nasatech.com und"1' tht Ma11 ufacturin.g/ 
Fahri.talio11 mugul')) (If' cirdt 110. 122 on tlu TSP Order Corri in tlm issue 
10 n'Uive a aJ/1) by 111/JU ($5 diargt). 

This 11wmtio11 i.s CR.IITlld l,y NASA, and a pa1n11 application has hm1 

filed. lnq1111u.s r.oiutnnnl(' no,lf.Xllusivt 01· exduswt ltrense j<lf' its rom­
T11L'l'Cial dn.lf'[qpmmt slwuld ~ addTl'.l.!ai co tlu Pat,mt Counstl, Goddard 
Spoc<i:Jiglu Ontn; (JOI ) 286-7)51. RefertoC.SC-JJ6J5. 

lnculabng 
Malenal 

OIOdo LasorBar C111p Heal Smk 

CROSS SECTIONAL VIEW 

Figure 2 A Fully Assembled Lens Rodi and a Diode Array are shown heere. 
Strips or a layer of insulating material (e.g., tape), or high-temperature 
epoxy can be applied to the remaining flat face of the plate to set the lens­
to-lalier dilitancee accurateely for collimation. 

NASA Tech Briefs.Jul} 19<J7 
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8 Microwave Treatment of Cardiac Arrhythmias 
A catheter contains a coaxial cable that delivers microwave energy via a small antenna. 
Lyndon B. Johnson Space C,enter, Houston, Texas 

An experiment.al method of treating 
tachycardia involves the microwa\e­
induced ablation of a 10-mm layer of 
arrhydunogenic muscle Lissue at Lbe 
affected inner surface of Lhe heart. In 
this method, the affected tissue is heat­
ed by microwave energy applied via a 
catheter. A thin coaxial cable in the 
catheter delivers the microwave energy 
to the tip of the catheter. A small 
amennaat the tip is designed for opti­
mal coupling of che microwave energy 
from the coaxial cable inlO the I.issue. 
The absorption of microwave energy 
in the tissue causes heating, which, in 
tum, produces the desired lesion. 

The microwave frequency must be 
chosen so that the microwave energy is 
absorbed predominantly in a surface 
layer of the desired thickness: if the fre­
quency is too low, the microwaves propa­
gate too far through the tissue, produc­
ing heating that is too diffiise; if the fre­
quency is too high, the energy is dissipat­
ed in too thin a layer near the surface. 
The optimum frequency is expected to 
lie in the range of 4 t0 6 GHz, the exact 
value depending on the electrical con­
ductivities and permittivities of blood and 
heart muscle (see Figure 1). 

1n compar ison wid1 other methods 
that involve direct-currem pulses or 
radio frequencies below I GH z, llhis 
method may prove more effective in 
treating ventricular tachycardia. This 

80 

is because the present method pro­
vides for greater control of the loca­
tion, cross-sectional area, and depth of 
a lesion via selection of the location 

E 
E 

and design of the amenna and the 
choice of microwave power and fre­
quency. An apparatus has been con• 
scrncted to test the concept in experi· 

0 2 4 6 8 10 12 14 16 18 20 22 24 

Frequency, GHz 

Figure 1. Heating Effecu of Microwaves in heart tissue were mathematically modeled, using assumed 
values of the permittivities and electrical conductivities of heart m~le and blood. 
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ment:. on micro\~d\e healing of simu­
lalcd hcan uss\lc (sec Figure 2). 

This work was dom by G. D. Arndt of 
Johnson Space Center; ]. R. Carl. G. n~ 
Rnffoul, and ~'. G. Karasark of Lorkhud 
E11ginttring and Srimres Co.; 011d T. 
Parifuo and C. F. Pip" of BaJlor College of 
,\lfd1rmt. For Jurthtr infonnation, acctss 
tht Trrhnical Su/)/Jort Packagt (TSP) free 
011,line at www. nasatech.com u11dl'T lht 
Lift Scienus caugory, or circle no. 176 011 

th, TSP Order Cord iti thit ist1tP to reuive 
a co/J) f,y mail ($5 charge). 

This invention is owned f,y NASA, a11d a 
patmt application has been filed. Inquiries 
ro11cerning nonexclt4sivt or &ulusivt lrcmst 
for its commnrial devrlopml'nt should bt 
addrrissed co tilt Patmr Counsel, J0Miso11 

Sprue Center; (713) 483-4871. Rrfn lo 
MSC-22483. 
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Figure 2. Temperature Ramping is shown here as a function of 4.10-W microwave exposure for 
various depths. 

8 Automated Microspectrofluorimeter and 
Cell-Culture Apparatus 
Outstanding attributes include compactness, frequency agility, and computer control. 
John F. Kennedy Spare Center, Florfria 

A developmental compact instrument 
for experimentation on live cells includes 
a ceU<Ulrure-and-imaging module plus a 
fre::q ueng0 agile m icrospectrofl uorimecer 
for examining the cells. The ccll-rulrurc­
and-imaging module nol only maintains 
cell cultures bm also provides for the nec­
essary cransfers of substances to change 
nuuient media and to stimulaLC, fix, and 
label cultured cells. TI1e microspectroflu­
orimeter provides nmable, multiple­
wavelength visible light to illuminate the 
specimens; acquires quam.icative, spec­
trally-resolved images of single cells; digi­
tally processes the images; and stores the 
resulting data. 

The ins111.1ment is designed to operate 

under computer control; it can be pro­
grammed to perform a variety of ft.mc­
tions and left to operate unattended after 
initial loading wilh cells, culcure media. 
scimulatory chemicals, inh.ibilOry chemi­
cals, and/or other materials. Originally 
intended for use aboard a spacecraft. the 
instn1mcm also offers advantages for ter­
resuial laboratory and field Cll.-perimcnca­
tion and clinical investigations; ilS 
automation, programmability, and fre­
quency agility could prove beneficial in 
such applicalioru dS cytometry and palh<>­
logical examinations of biopsy specimens. 

or all the inno\'acions incorporated 
into the design of the instrument., the 
one that con tributes most to miniaturiza.. 

Lion and that makes frequency agility pos­
sible is the use of one acousto-optical tun­
able filter (A01T) instead of a conven­
tional scanning monochromator or 
stepped-filt.ef'-wheel monochromator to 
obtain the required frequency (wave­
length) selectivity and tunability. A typical 
conventional scanning monochromaLOr 
has dimensions of about 15 by 15 by 10 
in. (38 by 38 by 25 cm), is delicate. 
includes stepping motors and otl1er moY­
ing parts, has low optical throughput, and 
is constrained w scan sequentially, with 
attendanl slow switching belwcen wave­
lengths. A stepped-filter-wheel monochro­
mator is limited to the few fixed wave­
lengths of the filters in the wheel. 

For More Information: Phone: (617) 864-0201, E-mail: info@ooainc.com, Internet: www.aoainc.com 0 Hamilton Standard 
·--..... c. 
• ...,., ... o.4w•,....ett•t.• ,.._ 
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Until you reahze we're refer­
nng to the 0.5-mrcron incre­
mental motion of our new TS 
Serres translation stages. 

The TS Series gives you 
exceptional bi-directional 
repeatability, velocity, and 
accuracy. So rt's the perfect 
choice for a whole stack 
of precIsIon test, assembly, 
and research applications. 

motion product lrne, now 
you can look to Newport 
for stages with incremental 
motions from 0.025 to 100 
microns. Whrch means you're 
assured the precise comb•· 
nation of price-performance 
your application needs. 

Now it's up to you to see if 
the TS Serres fills a hole 
in your application. Just 
request our new catalog at 
1-800-222-6440 

And since the TS Series Or v1s1t our website 
rounds out our precision www.newport.com 

ta S the C 
I N wport pr 
systems and p, 
our ew 1997 M t 

ntro cata og to<lay 

www.newport .com/catalo1 

USA,80().l.'22-614~ 71•863-31« -- Ol-7,eo,,,,sa_91)5-567.Q3«l r...,. l.609168Q.C.--tv.1• '621-0 
.-, ,. 5518 • 3 59?1 .,. ..,_ 01 740-2183 0 ,. ""., ' 21757 

♦IIW'I ..,..1.a .,_ ,: c.c... 



In contral,t, AOTFs are rugged, mono­
lilhic solid~tate units that contain no 
moving parts: are electronically tunable 
with rapid, random.access s,\~tching to 
a11v "oa,elength in range; offer high optical 
throughput; and are rcrJ mall [typically, 
1 in.' (16cm') ]. Unlike monochromaLors, 
AOTFs are capable of spectrally resolved 
imaging. The presem instrument exploits 
1.hi~ capabilil) to achieve microscopic 
imaging. Thus, the instrument can be 
used. for example, to measure 0uore~ 
cence in single live cells, rather lhan 
being limited to measurements in bulk 
cell suspen ions. 

The figure shO\\) the major pam of the 
insaumenL The cell-o.i.lture-and-imaging 
module includes a sample carowel that 
contains 40 0.2-mL culture chambers. 
The contents of each chamber can be 
obsen'ed via a coverslip on lhe bollom of 
the carousel, and access to each chamber 
can be gained via two septa at t.he top. 
Fluids can be pumped from any of6 reser• 
voirs into anr of lhe 40 culture chambers. 
A subsystem that maintains optimum cell­
culture conditions is included in the module. 

Excitation 
Optical 

Subassemblies 

AOTF Emlssion:Mlrror Emission 
Housing Housing 

Housing Carousef•Aotatlng 
Motor 

T he microspectroOuorimeter is config­
u red as a n AOTF-based fluorescence 
microscope. The so1.1.rce of light is a 
xenon arc lamp. Images are detected by 
an intensified charge-coupled-device 
(CCD) camera. Also included in the 

All of the fnstrrumentation needed to culture cells and examine them microspectrofluorometrically Is 
contained in one compact package. 
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Essential for planning, tracking, 
reporting, presenting, and 
organizing your work! 

In the cngmeenng world, nothmg happens 
with.out ~ schedule and everything comes -''',~-,:;';;:~c,'!..,,. 
under grueling scrutiny. That5 why you 
need Milestones. Etc • 5.0 rrom l\1DASA. 
Milestones, ttc. proJect sd1t':dulmg software 
makes scheduling work and communicating the 
pro~ rasi and caw \ou can lnate ma.ster schedules 
ooritaining instant hy~rlinks to dewled schedules, 
documentanon. f~ 1rifonnanun. even web pages. 
An4 ,rtth bwki= w=.rds, spell-checking, 

w.P.!Jft ca datagraphs, and more. 
cs t e soph1Sticated reatures you 
~ elTectM m your Job n Q\\i ~iiiii=iio1 

N proJCt.:l scheduling softw::u-e offers 
ore See for )OUrst:lf Call todll): and lii:=::::::E::E~~:;:::;;;::::;;~:.:;:;i 

ler Milcstont!> Etc for ~~!lo9 00. Or 
.._ ll our web <:ttc at WW\\ • ,om, and 
Clownlood a frl!C..Ja~III~ - ~O\\ 1 --·-,_ 

-· -- • I I '1 

For More Information Cln:le No. 428 

iastrumem are ( I ) a module that cont:airu 
power-supply circuits p lw od1er elect:ron· 
ic circuits for operating the cell-o.i.l ture­
and-irnaging module and (2) a control 
module that contains the equivalent of a 
486-level personal computer, with image­
processin g and communication circuiL 
boards. Software in the control module 
controls all functions necessary for com­
plete auLomation of cell-<:ulture and 
image-data-acquisition functions. 

This work was don, by Salvador M. 
Fernandb., Ermst F. Guignan, Ralph Leuy, 
Sean Cobane, and Robert Kmten of Cienda, 
lnc., fur Kennedy Space C,entec For further 
mfonnalion, access the Techniail Support 
Padlage (TSP) free on-line at www.nasatech. 
rom uTUfp tht Life Scielia.s caJ.tgOry, or circlt 
rw. 157 on the TSP Order Oud iii this i.ssw ui 

rrceM o c<Jf1y by mail ($5 ch~). 
ln accordance with Public Low 96-517, th, 

contractqr has tkdtd lb rtlain titl.t Lo this 
it1venti(»I. [TIJ/UtlU.S cuncmiing rights fur its 
commerr:ial 11st shuuM bt addressed to: 

Sa.lvo.dur M. Fernanda., Presidml. 
Cienoa, hie. 
11 I Robert.s Street, Suit;! C 
Ea.rt Hartford, CT 06108 
&fer t.o KSC.J I 835, LVXume and number of 

this NASA Tech Briefs i.sme, and 1M prigr 
number. 
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Mam than 50,111111 
Electron/cs Professionals 

will Converge at 
Wescon - IC Expo/97 

For lbs first time . .. 
Bringing WBSGOn ta the 

Silicon Valley 

Simultaneously at balll the 
San Joss anti Santa Clara 

Cotwenllon t:Bntllts 



ELECTRICAL 
CONDUCTIVE 
ADHESIVES. 
Designed To Your Specifications 

MASTER BOND EP76M EPOXY 
■ High conductivity 
■ Thermal shock resistant 
■ Durable, high strength bonds 
■ Water and chemical resistant 
■ Repairability 
■ Long storage 

stability without 
refrigeration 

■ Convenient 
packaging 

For lntonnatlon, 
call or write: 

Master Bond Inc., 1 54 
Hobart St Hackensack, 

NJ 07601 . 201·343-S983 

For More Information Circ.le No. 419 

86 For More Information Circle No. 420 

' 

New~g-am.tYJarket 

Tncor S),tcms, Elgin, ll~ off'c,n the 
Model 805A PC-b;ucd surface analy­
sis system. which measures 11.lld ana­
l)7.C5 lhc gloss lc~•els or surface5 
rcgardle... of ~J,apc, tcxnirc. or rotor. 
It ab<> measure$ distincmess ofimagc 
and hau index, and charaneriu. 
1cxtt.1tt. The high-rcsolution ,idco 
imaging ')'>tern quantifies surlaca of 
plasria. composites, ceramics, \'UI)'h. 

and coated and painted surfaces 
using up 10 2◄0,000 dati point> 
across the measured .uea.. 

The TS Serib of linear stages frorn 
Newpon Corp., !nine, CA, arc avail­
able in tra,~I ranges from 50mm to 
300mm with bi-dim:tional repeara­
bility and minimum incrementil 
motion or 0.5µm. TI,ey are machined 
from 7075 aluminum and feature a 
DC sen-o motor, acceleration range 
from 0.001 IO 0.20g, and a vclod.t.y 
range from 0,05 to 75mm/JCC. The 
smg~ att supponNi by ~-roller 
hearing, and fcarurc an integnl lin­
ear optical encoder. 

For Mofe lnfvrmatlon Clr'CI• "'°· 743 

Mcthodc Elcctronicl, Conoeclor 
Products, Chicago, IL. offers a 50-
po>ition Compactflasb PC card 
receptacle for C.OmpaciFl"-<h fonn­
faclor removable memory devices in 
haodhcld computers. rugital camera,, 
PDAs, and olhcr portable dc:,iccs. 
Features include nerjble contact 1:ail 

tool forming and a conticL design 
that withstands repcued card in.ser­
tiom in c:xcm of 10,000 cycles. All 
IMl"rials 2rc comp,ttibl~ with high­
temperature soldering processes. 

For Mon lnfonnatlon Ord• N.o. 742 

The ADA.\! MlOO .,,,;.,. sig,w condi. 

tioning modules Crom American 
Adv.antceh. Sunll)-,-alc, CA.. protect 
vrocCMCd >1g11•b from hannful 
dTe<:t! of ground loop. moror now-. 
and cleclrical inu:rfercncc. They p~ 
vide three-way 1000\DC oolarion, an 
lntcmall1 bolal.C'd single ~24VDC 
f>O""' wpplr. and DfN-rail mount­
ing. The modules have a maximum 
:t.l77µV /'C 1empcn.1DTc drift wit.I, 

up to 1 KHz band\\idlh twng o.aw 
For Mon lnfonnatlon Cltde No~ 1,1 

Knurr USA, Simi Valley, CA. is intc­
gmced with enclorutt. backplane. 
power supply, them,al management, 
cabling, and s_hicldlng. The 19" ch3$­
,i~ mecu EMJ/.RFI .tpctific,tiontt 

and MO_,-ST0-810F requirements 
for shod resinance. Cooling 
options provide ventilation while 
maintaining shielding and 51abili1y. 
A.<Sembly ft'a1ure• include retro-
611:able components and a pwh•lil 
connection sysLCm 

- More Information Clrde No. 740 

Wenco Elcctromo, Roseburg. OR. 
bas inuoduccd the Ccltronic battery 
recharger, 1'hich re-energizes ruckcl­
t:2dmium. nickel met:,! hydride. 2nd 
lithium ion rechargeable bauerie,. 
Single-, double-, and quad-5tation 
mod.els are avatlablc I.hat can service 
80. 160, and 3~0 batteriN per 
month, rcspcc1nely. Feamres 
include Smart Port cable hook-up 
jac1.s and unhenal battery conncc• 
lion cabl .... 

For More lnfonnatlon Circle No. 745 

Oo1taq Instrument&, Akron, OH, 
olfo,, th<' \fodel Dl-400 s..ries I& 
channel, liogl~dcd/8 differential 
dala acquisition cards, ...,-h,iclJ feawre 
a 12-btt analog-todignal com-ener, 
du.al 12-bit digu.al-to-analog conven,. 
er, and e1ghl digital inpuu and ou1-
put1 \\it.hotu direct memory acceM. 
Analog inputs ma) be expanded lo 
256 du.nnch. The !SA plug-in card 
cont.ains an on-board 32-million­
irulructio01)C.r-$CCOnd rugital signal 
processor:; 

f'<w MoN lnfo,,natlon Circle No. 74' 
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Ille MOdel ?·110 iUld 2-l!!U 
SourceMtter ..,1,age Uld cumo,,1 •­

Wlnmlt'nts from Kt,nhley lnmu• 
m,-nu, ~land, OH. comb,nc, mil­
age and currml sources "1th ~ lugh­
r~oli,tion d,giul muhim<'ler .ind 
measurt'mt'0I fim1w.ttt. ' I he 2410 
genentn >0urcc: 110lugl"'i from ,t51,1V 

ltl 11100',, and fflMIIIUM "'":age from 
2clt,1V ,o ,I IOOV. n,.., 2420 gtr1<:nt,-, 

M>urce nJrttlll from .t.500p.\ 10 t3A 
and rue'll.1llrl'llcum:nl from~ IOOpA 10 

~A. Memory bull~ Jlluw, nonng up 
to 5000 S.I /2~git re:,dmK•· 

Few Mort lnformotioft Circle No. 731 

The L\.'llOOO Sm .. lo<--,'Ohag,,, lugb­
currenl ,witch mode po,,cr supplies 
from HC Po,-er, IJ'\-111e, Cl\. feature 
output ~otuges ol t. 25, 2, :1.3, 4~, !l, 
12, and Ill \.'DC. TI,e :'IO(IOW power 

1Uppbl"S are nomin.illy rated for !) 

,olr.a at 500 unp,. wnh ~n option;i! 
3.3 ,olis at up 10 tsOO amp1. fhe unoto 
pn>'-'i<I<' otaDdard AC inpu( of 180 '° 
2tWVAC, <ingle-ph- 47-6l!H, 

Fo, Mon Information Orde No. 744 

S\{HF and SMSA r.ad.:iuon-h..rdenNf 

DC/ DC comenmi and 1hr Sf\fC 
EMI ffittt, all of "hich funcoon O\l'.T 

a 1cmper:uurc nnge ol -'lf>'C to 
~l:!S'C. n,,. SMHF com1'1"1tr <fc(iy. 

cr.1 up to I!> w:ua o( ou1put power 
,.,th qnglc outpua of5.S. !,, 12, or I?; 
\.'DC: lhr S~ISA prMides up to 5 
., ... ,,.. .,r outpu1 pc,.,.-, in ffllJl'IC- or 

du.ii-output conftgurauon, of 5. 12, 
or I!> VDC. The Sfl-lC rntrr is com­
pauble Wllh bolh COD>'Cl'Un 

for More lnfomvtlon Clf'CM Ho. '1J9 
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Spin \1fg. Corp., North Holh-wood, 
CA. tu.. ,ntrodrn .,,:I th<, Flexi.Sb,eld 

EMJ gasut. 1obich n nude b)' "T1ll> 
pmg .& condll<1.l,e ,p,ral ummd, sof1 
sdlCOne lllbe or C<,rd. The dt$1gtl 
flt-'-l'S to ftlJ Ul1t."\'C"'R joint IUrfUC"'J 

and fearu~" low roeflicwm of fror• 
uou. Stlndard m,m·nal, are s1amlt--, 
Jlttl :lnd bt'r\lllwn coppt"r, 

- - lnt....-tlan Cl~ No. 1.U 

~In Srtrmo, Boxborough, MA, has 
inuoduccd lhc BL and Et. predsioo 
balances, whkh incorpor.uc ,.ariablr 
capacu;mcc technology and a 
Moment ln1.-n<iti._, l..u;;ad Cc:11. 
Fc.itures indude ~n LED d1>pl.av, bi• 
dirr{1ion.tl RS-232 data communic..­
uom. rlJe<ast ;aJumtnum hou<ing, 
u.unlesa «terl wr1ghmg p.m, and Jc,y. 

eling controls. Capactri<"s l"lnge uom 
WI! to II 00 gntn>. 

n,e Oa1aGnaph \'R J<"ril"' \1de~ 
graphic papttlta rttorders from 
Tot.II Tempu:uure lmtrumm1.1uon. 
\\"Jlaton, vr. mta.•urc. compute, d, .. 
pLl)·, tteonl, and rn,ew up to 12 ana­
log and compu1.1uon charmct... Color 
and monochrome \Tt>IDIU fnlUl'e 5 • 
"""" matris LCD cfupla,·, 16-bio ,.,. 
oluuon, rnalh funcuuns, cb.t.a aru.h~•l 
wbilt r«onling, .u,d llOltware lhat 
rn.ibl~ data expon 10 a PC 

- M..... lnfom,atlon Clrd• "o• 736 

EGC i~ the name to know 
for reliable, cost-effccm-e fluid 
sealing productS. Our line 
mcluJes Thcroufoil-/Grafoil• 

pre-funned rings, die-cut g:askcts, 
Thcnnabraid9 braided packing, 

Tn-Cbd' custom sea.ls. and more. 
ADJ nght now you can get a free 
F.ngmec:nng Design Kit full 0£ 

EGC produa s;imple). You'll 
al'i() get a oopy of our nt'\\ 

mruacn,·c catalog on CO. 

To request your 
Engineering Design 
Kir, call EGC tod2y 

at 800.EGC.02 l 1. 
Or visit our web ute at 

\ll'WW.egt-cnLCX>m. ,ve'll get 
your kit to you right away. Best 
of all, the neat stuff won't be 
buried at the bonom of the box. 

For More Information Circle No. 421 

• Load Cells 
Force/Torque 

Sensors 
111. 
• • 11 

Catalog Includes: 
Gram sensors Thru Hole Load Cells 
Tension Load Cells Low Profile Load Ce IS 

Mini load Cells load Pins 
TorQue/Sensors Transducer Indicators 

Speclal OEM Sensors 

Transducer Techniques 
(909) 676-3965 FAX (909) 676-1200 
e-mail: ttJOttloadcells.com 
URL: http://www.ttloadcells.com 

43178 BUS NESS PARt DRIVE B-101 • TEU:CUt.A. CA92590 
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• Superior to conventional slip rinos. Men:otac's lk1uid 
metal-wetttxi contacts provide reliability. No electrical 
noise, less than 1 milliohrn resistance. 

• Durable, compact, low cost, no maintenance. Ideal for 
computers, instrumentation, thermocouples, strain 
gauges, packaging, heating and control equipment 

Mercotac Int 

6195 Corte del Cedro 1100 
Carlsbad, California 92009 
760 431 7723 • Fa~ 760 431 0905 
Internet: www.mercotac.com 
e-mail: info@mercotac.com 

For Moro Information Clrcl• No. 423 

For More Information Circle No. 424 

O<'\ice Ttthnologie,. Marlborough. 
MA. has released a new brochure 
d~cribing lJL94V-O Spring-fa51(D 
composite grommet edging, which 
prolCCIS wiJ'ec and .-able< from abra­
sion. Applications include aerospace, 
fiber-optic 1elccommunkati()t).S, com­
puters, and medical cquipm<nL 

For M.,,_ lnformatlc,n Ord• No. 700 

A product M:lection guide from F.NM, 
Oticago, n.., describes countl.og l.nsm> 
mmu such as tltttrical, electr0nic, 
and mechanical counters; hour 
meters; and LCD timers. Panel-moun 1, 

rnlrnacurc, >elf-powered. and dual-put• 
pose conn ten also art ft!lltuttd. 

For MoN Information ORI• No. 703 

.,.._,.,..... ..... ,...,..... ..... 
Fro~;::;Og):M 
- Mnrketplacc-.__.,.,_,..,. ,..,..,,..,..,... 

I 
........... __ _ 

• 
The Fed=! l~bnr:uory Consonium 
for TecJloology Transfer, Sequim, 
WA, ofTen a 20-page brochure 
describing more IJt,n liO succ=ful 
ttthnology 1nru:fu spinorr,, from 
ftderal R&O programs. Spun-off 
commercial producu ai1d proc= 
in ,poru and recreation, health and 
medic-in«!. u.fery, compurers, elcc. 
uonics. manufacturmg, and Lhe cmi­
ronmem are featured. 

Few Mor9 ln1onnatlol'I Orel• No. 71M 

A six-page brochure from LNP 
Engineering Plasti~, E.xton, PA, 
dCl!Oibcs L,ul>riloy® D wear-resisWll 
alloy comro-<e. The lubric:lled poly­
carbonau: compound features shrinl 
rates and Oow similar 10 standard 
Dow, neat polyc-.ubonar.cs. 

Few Mon lnf.....,atlOft Clrd<t No. 705 

A O.g,tal Design and Dt-bug c,.wog 
from Hc--ltu-Packard. Palo Aho, CA, 
fea1un:s protoiype debugging tools 
such as logic analy1.ers. emulatoes, 
procc..,or probci, mixcd-<lignal oocillo­
sc:opcs, and PCl-bu.1 ,-crification t00ls. 
Th~ 24-pagc cacalog for software and 
hardware engitlecn, linnwarc dcsip 
en, ,ind 5Yltcm> in1cgr•ton abo 
dt,,;cri~ ntstom debugging solutions.. 

For More lnfonna11on Circle No. 707 

Ergotron, St. Paul, MN, offers a 
brochure describing ergonomic oom­
pucer component mounting aooes-­
sories, including adjusiable wall, ceil­
ing, and Ooor mounl.'I for computers: 
~uspenslon componcnr.s; keyboard 
holders; storage drawers; and com­
puter "·ark CNiten. Touch~ttn$, 
laptop compu tu-s, and full-size moni­
lOl'S can be mounted for use in sitting 
or >lllnding p<nil.ions. 

For Morw lnfom,ation Otde No. 7°' 

A 28-page c:italog from Techno­
Sommer Automatic, New Hyde Park, 
NY, describes PowerStop industrial 
shock absorbers for applications 
such as pans mrn'Cmcm on rotary 
tables or conveyor beJlS, load lower­
ing, aod pneumatic delivi,ry S)Sl<!OU. 

Fifteen modt'ls :ue a\'ail.iblc in 18 
sizes with \'Uiom siroke lengths. 

For MoR lnfomtallon Ordt No. 701 

Al& Aesar, a Johmon M•uhey Co., 
Ward Hill, MA, has rt'leased an 1,800-
pagc 1997-98 callllog of more than 
12,000 research cbenucals, metals, 
,...d mat<'rials.. Included are ioorgo.n­
ia, orgmia, pure dcmena, precious 
metal compounds, c:u:al)-sis, ratt canh 
compounch, pure metals, and alloys. 

S'or-... lnform.tlon Ome No. 701 
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Product of the Month 
',oftSource Bt-llmgh:un, \\ \ , 11,u inuoduct'd 
\idnft • A.u1oCAO-dn"'mg-ba.ed ~ ..,,-_., for 
Wiodo,,, !15/ ,T, I.he fil"-I prugmm produced OUI· 
sid~ of Autode\k th.At cui err•,,. ilnd edit AutvCAD 
dr•'"'"li' and llXF m,.. in 1h,-,r nati,,., lonn:u ,.,th 
no 1r.uuLltion. Hundrt<h nf dr.n-mg. can be •1"'--ed 

L-~====:::!J and rdi1<:d um11ltanro1uh·, earh in 1hrir o,..-n i,m­
dow. Commc-rcial plug-tn l't'.ntotu or~ Vdr.ut lntcmet lool, an: 1Drl11ded for 
OXF. owe. and SVF, md uc comp:uible with Sci.op,, Na,;ga,ar :11td 
M1crosofl Explorer, It write1 and l<'adJ AuroCAD dra"in81 fmm ~I~ 2.5 10 

IS, and supporu dirttt ....ma,I of drawing- Th<' co<t ii $-i95. 
l'Or MOft lnfon"MttOn Clme - 711 

Wrap~ 1.0 mocltling ,or,,....,,. from 
R.undrop Grom•g,c, Ch.unp.ugu, IL, 
provid~ auiumJtic ,u1rur rrcon-
1tructio11 and ~d gencra1ion frQm 
arbitrary point cloud data It can 
~u10111.1tit,11ll} i,np ~ >tirfuc, .., uund 
an arbtt:nal"\ puim cloud and concur. 
rent.Iv comuun ,urlace and volumt 
mesht'$. ..-id r~uure a , ·.riel) of ou1-
pul formilta. 

Fa, More w ........ u.,.. Cltde No. 115 

\'t"10tl -1.0 n£ \"!!U.l) OC'sll(llcr"' data 
acqulsldon 1111d cootrol softwatt 
from lnrc-lhgenc l ntt-nm,~nt.:uinn , 
1'10<>n, /11,, i! an applic • .umn gc-ncr.i-
1or for PC·buc:d d.ua acquu,uon. 
Toe 32-bn program Cilll Ix- uM'd to 
dewltip \\'in,2 <lpplic,uion• fnr ,tv 
in Window, 9S and /'ff emiron• 
mcn1.1. Enllllncc-mcnis iJldude ,u~ 
port for object linking and OLE 
automa11on , 2nd <Uppon for CPra 
in,tTUmt'nu and RS-2!121422/◄l!S 1--------- --------i 

'ICri.udCYl(e\. 

fol More lftfOf'lnltlOfl Clrde - 710 

AdvAnced Vorual S\,..ccnu. W.ahham 
MA, offer, \cnton 3.1 of A\'S, 
upnM SD data vlsuall:uotlon and 
hnllglng '°'<watt that rn,blc,t ~i,ual- I 
iullon of compltx data, imag<' pro­
c~Jing, graphic, dupLiy. Web inter• I 
action vu VR.\11. ou1put c:apab1hty. 
d..tc:..h"'~'" cnnn~eu"-ity. :and o•~r 
interf:icc cnnsu-uction An obJ«t· 
orit'mcd visual programming inu,r• 
fact" connccta the componeoL, 10 
g,n .. r.11.r '.\D "11\WIJ~Uon. and 20 
plota and gr.ipht. II opcnres on 
Windov,'1 ss.1:-.'T, u:--1x. and 1hr 
lntcrneL 

Fa,Mon ..,,...,,.._ df'd•- 712 

20/ RS electromag:ocdc and lhermal 
CAE toftwatt li>r \\indo"~ 95 md 
1'1' is a,':lil2blc, from lntr-gr.att'd 
EngiJlct'ring Software, \\~mnopcg, 
Manitoba. e:.nacu. Tbe ,oftwatt cor>-
11Sts of EU;CTRO cltct1"'tallC field 
IIOk<'r. \fAC~i...,o marp,roostallc 
fit'ld v,h~r; OERSTED umN!amlOn-
1< licld sol\-er; 3Jld KE.L\1:,.;, :i bnt 
t.ramfer mal)m <0hff The program 
11 ba,,.d on the 8ounc!,.rv Uc,mc,nt 
\kthod 1BF.'.\I) ol adv.need numc:-n­
cal algonthrm. 1111d ft"atur~ an en­
hanc«I fut' m.mager. 
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VARIMETRIX Nonh .\nmio, l"ine, 
CA, ha. r<'lc,.oc.-d V/\.Rl\tf. TRIX pan,­
....,.,.;., 110lld and .....Catt modellna 
toftware, a ,ui1e of C/\D CA.\L CA.E. 
1001.1 w11h ICES, DXF . .uid S'll. data 
cnn<latoo Th~ ..,,,..-arc, allo,., .111111~ 
tatlf'OU.\ mod<'ling ming oohd,., ,ur­
f:tcC'!, an,I ,.,, .. rr.imc, a.- well "5 Ulllim­

ued undo / <Nlo and ma,hm..- 1001 
•imul~nun, 

FcwMo<e ,,,__._ d.d• No. 11• 

Numerical Control Computc-r Sn 
rncc., lf'mt', C'..A. h..u inuoduccd 
:-.;cL Version ll.◄ CAM IO(twlllC for 
mulb4'<1S matb,n,ng !hat l!"nf'r.a1t,, 
»muhan<"Ulu n,,o,. through lhl'Sllti, 
SC: IO()l p;atm .ind p(O\'ine, par.untt• 
ti( ~D mudr1"111- C.eumc1n, wooei 
1ng ,nd IOO!path funch•m• are fully 
4'00ilfivc: • chan~ lo tbe mode:! 
reMllts in .in 1mmrdu1t clw1R" 10 
corresponding I.DOI p.,tlu 

Few - lnfo,n,at.lc,n ClttM No. 71& 

PCB \"1~11111 for Windo-..~ !D 
PCB 1'1e,.inJ so[l'l•iitt frnm Routn 
Soluuoru . ._....,,..,n Jkad,, CA. I. ar, 
idMn modttlc 10 the- f'A\1C\D 
PCB ,ic:w, pnnl, compo,e, and cnr>­
,-cn progr.un Tht' modulc C'fUbli,s 
JD ,;.-w,ng of PCB d"<tg,u and 
ompon PCB dc.i.(n 'IV'lt<"m t.raru.1.tLon 
rucb ;u PADS, c.dcntc, 'l.lcntor. 
C",enCIU) and Oracle. 

Few - Inf~°" Clrck No. 117 

I 
i ® 

TRIMa(b[gJCK. INC. 

if you have an edge ... we have a trim! 

I For over 25 years, 

I the leader in 
flexible plastic 
and rubber 
extrusions! 

e-mail: trimlok@deltanet.com 

tol~~i!e~ ll,:J:I :Ii;) f 41 !·] ~, 
714-562-0500 fax 714-562-0600 

6855 Hermosa Circle Buena Park, Ca 90622-6180 

Servometer's gold 
platedinterconnecl Of1nect Contacts 
contacts are designed to 
provide a lifetime of reliable interconnection. Diameters 
ranging from 0 .037' OD to 0.125' OD. An alternative to 
costly, light toleranced assembly components. 
Flexible Interconnect Contacts: 

• Can be used individually or as dynamic pairs. 
• Unique tips allow pairs lo sell align as they connect. 
• Compensate for misalignments due to 

tolerance build up. 
• Low DC resistance. 
• Minimum insertion loss. 
• Lifetime spring and force repeatability. Call for free 

BeRVOMBJeR• 
501 Little Falls Road 
Cedar Grove, NJ 07009 

brochuf6 
Fax (USA): (800) 785-0756 
Fax: (973) 785-0756 
Tel: (973) 785-4630 
www.s1rvom1ter.com 

For More Information Cirde No. 426 89 



♦cu, STACK The Technology Connection 
To Advertise Call (800) 944-NASA 

"How To Offer Your 
Invention For Sale." 

We have helped hundreds of i~ 
and ~ lhem how lo offer their 
irr,enlion.s for sale lo businesses all 0Y8f' 

thewo,ld. No c:ool. Free~ 
Coll 1 -.800-537-1133. l<ffslor Sol.. 
Corp., C-47·7, ffemont, Ohio 43420. 

Take a bite out of resolver costs 11111th our tough, 

submersible, Industrial-strength, JR optical 

encoders. They survive harsh e_nvl­

ronments for obout a tenth of what 

Announcing The Fo 
IR TECHNOLOGY OF THE 

!a novel oonme~ 
aus,,.,ss oMOl'8lion Aeseerc.'1 I 

o! 1he Year Awaid. ?' 
SBIA,sponsonng agenc,es OI Irle 

you pay for resolvers. And with 

less displacement. Whlc_h helps 

your design and your build cost. 

CUI/Stack supplies standard or cus­

tom components. You won't need an 

lly 10 151-owca&e iheir teemology 
nnsfef corneran:e and e.thboon (Sepe. 

,efs. 

~ exceptional order to get exceptional 

NSC S.n,. service. Call (800) 275-4899 for a 

quick quote. or fax your specs to [503) 643-6129. 

On top of it~ 

NAS.',ltch811b,ISS"4014W11111.USPS7li0o070,~11W1Dy--~tD11CO., 
l.tl!-~•""'-"",..,..,_.__ . ..,,_.,._~n.us _,_ 8 __ ., __ ,qa_ ... ___ ,... ____ _ 

•~....-N!t,y---~eo. ut.311-. .... __ w,a,11_, 
~-.poduakrllf'OCIIQ.tllDnOIIC:aa311Mldleltl,.,..~,..,~HV' 10011~1 ~.., 
~-..,,-us ,..,_ arw Zone. n1 Pa10A1co. srs.c:o1or, )W'.sn.s.001or 2,-.; 
$20000"" ~ _. ang,. _s,ooo ,_ ....__. .._ v.s. rv...s18S.oo . ...,.. oy "'-

- -- - - or 'IISA. Maal..C.W or,,__ EJcp-, Olller-•-""'­_,......,_'°'_,."'_'°_.....,, _ _ 3,,_,,... --.tlV 

** 
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Tap Into A Billion Dollar 
Business Resource 

The federal government will award more than $1 billion in R&D grants 
to small (up to 500 employees) high-tech firms this year. 

How can you apply? What does it take to win? Find out this fall at: 

The National Small Business 
Innovation Research (SBIR) Conference 

Oct. 14- 6 c.. ri ..,, ., re * -- 2--29 oc=> ,.x, AZ 
For registration info, complete the form below, call (360) 683-5742, 

or visit the SBIR Home Page: www.zyn.com/sbir 

Don't miss the next round of solicitations ... 
plan now to attend this important, information-packed meeting. 

Sponsored by the National Science Foundation, the Department of Defense, 
& the Small Business Administration, in cooperation with all SBIR federal agencies and departments 

* .. * 
Yes! Rush me lnfonnatlon on attending the Fall 1997 National SBTR Conferences. 

Name ______________________________ _ 
Mail to: 

Company __________________________ _ 

Address __________________________ _ 

City/ State/ Zip ________________________ _ 

Phone No. ____________ Fax No. __________ _ 

SBI R Con f e r ence Center 

PO Box 2890 

Sequim, WA 98.382 

O r fax to: (.:360) 68.:3-5.:59 l 



RUGGED, HIGH PERFORMANCE 
SYSTEM WITH COLOR VGA 

DISPLAY & ATTACHED l<EYBOARD 
51-3SOOI' SIAIIDAID 
FfATVRfS IIKl.UDE: 
• 14 SIDTPAS~ 

BAIi PIAll'l 
~ 

• JOOWAil 1 I0/220V 
ll.50Wll 
IWERSl.fflT 

• 80486DX2/1)X◄ OR l'EHIIIJM 7.S-200WIZ O'U ORD 
• l O 4' m COOi llSIUY, 640X480X6Al Cll1IS 
• Sim MA!Ul ~ 00 TO ml Ollf 3.S-

AMI 1WO s.2s· w H001T DIMS 
• ID'OOAmAHO 100 IIAU.MOOS{ 

• sm.tl.AHDPAW.El ~-MSIXIS/MNIXMS 
Ol'OONS· TIXKK SCRW. CIJSTOMCOOIIGWTIOHS 

FOR FU mu OITAII.S (0f!fACT 
IBI SYSTEMS INt, 6842 NW 20 AVE., 

FT. lAUDERDAlf, fl 33309 
305-978-922S FAX: 305-978-9226 

For M ore Information Clrcle No. 580 

Software\\'edge"' 
Automar1cal/y inputs 4!11 serial d•t• 

directly lnro fD.Y PC apptlcarlon. 

• Real-lime $trial Data into Ally Application - bcel 
VB. Quattro, l.ollls, Access, Stat software, ttc. 
full de1a ec;~ ition INICl lnstrumeRI ,onttol. 
Risk tree 90 day, moaev•hdt vuaramat. 

N-Wlndo- DOS, NT Ii ,., FrN u--. C.U 
Windows 95 epplication1 800-722-6004 

TAl. '1'1:0&0UX:U:..I'-<. TIii 2(111 W~lkc Sl., l'!>ii.dtlpl,1.1. PA 19130 :4 
m 2J517ti3-7900 P11L215• !tiJ.~lll 
f.•Nll l,IJ(f'.aa«.t..com 
Homt-hUltflWwW.1.111'dl.cl>m 1..-r,u-

Nllb 3 .0 , :i l1bntryof All;SJ C function for 
creatmg and proce:,,1ng "URBS CU!', cs and 
sur1acc:~. The func1ioru, arc ea5)' 10 call and no 
lmO\\ ledge of Nl, RBS malbcmaucs IS n:­
qutrcd. Nlib 3.0 t.> the 1ckaJ kernel upon "'htch 
10 bwld 2eomeuy-ba.sed appbcaoon,, <;olll'C'C 
code, mulu-u.,cn, no royalu~. Mamtc:nanct, 
coru.ullmg and trammg. 

http ....,ww,gowcr.ncvgcomwerc 

Geom Ware, Inc. PH/FAX 903 839-5042 

FREE! 
130 

Page 
Catalog 

"Optics 
for 

Industry" 
Free 130 page product catalog trom Aolyn, 
workfs largestsuppuerol ·O11-ttie-SlleH" optlCS. 
24-hoor delive«y of slmple or oompound 1-. 
filters, pnsms, mirrors, beamspUtteni, reticles, 
objectives, eyepieces plus thousands of other 
stock Items. Rolyn also supplies custom procl­
ucts and ex>atlngs In prototype or productloo 
quantities. ROL YN OPTICS CO., 706 ArroWgrand 
Citde, Covna. CA 91722-2199, (626)916-5707 
FAX(626)915-1379 

For More lnfonnatlon Clrde No. 5&1 

a 66MH2 Motorola OSPS630I w1 h 
Int grated PCI controller Thev achi-
eve I MHzs:impl,• rates $1multaneollli 
1/0, and bus-ma..t<'I mg OM,\ t o sy s• 
tern memory; all with no d~radntion 
ol host CPU performance. 
(look next for Rea.,;on if3: "64 analog 
Input channels."') 

Free Catalog 
(800) 829·4632 

Internet 
www.ueldaq.com 

For More Information Clrde No. 584 

Unique RiUhl hale 

TRB 
ADAPTER 

The ADRMF70, a right·angle TRB 
male to female adapter featuring 
a concentric design, has been added 
to Trompeter's extensive line of 
Twtnax/triax products. The ADRMF70, 
made to ellacting standards of quality, 
is suited to support 1553 Data Bus 
apphcations where cable management, 
strength and security are priorities. 
l'iso9ooil .... ~ --·,co.._.,pav,.' 

~~~ 
(800) 982-GOAX • 1815) 707-2020 • fax t818) 706-1040 

Juai b«auac your budg<'t la limited 
doesn't lllftll yoar t,'Sl equlpmdlt hM 10 be 
bmlt.ed. loO By ltYffaglng lt'Chnol<lgy from 
HP'• hll!h-J>t'rfonn,.,,...., IMU'Ument8, lhe 
BP Basic !nsuummt, C'Ollectlorl otteu 1oo1a 
lhal Ill your bUclg<'I wtlllO<ll mnpromiling 
qualuy You11 find all th .. fundAmeotals, 
from pow~nuppbcs u, IJ~lMs lo scop,,s 
lf<!..,letvl'adlanS Ce., (800) UM844, 
Ext. 1832. 

.. ~ HEWUTT• 
11:'/'....I PACKARD 

For More Information Clrde No. 582 

LOOKING To 
I NCREASE YOUR 

ExPORTS? 

Write today for a FREE 
sample copy or 
Expo,·ter !wider-
tbe new monthly 
new!,lerter filled 
with expert advice 
and ideas ro help your 
business penetrate 

incernational markers. 

e:....-:::.7 ... ~.!' • ~·==--= 

~=~=~ 
no. 718 on 1hc 

Information RcquC)t Form or 

fax your rcqu~t on company 

lcctc.rhead co (212) 822-2028. 
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nerase iudlile pattened after 1 _. p-nitJ 
Sillllatet Its new ■ lleaftll ct.I lllblllliH. 

lllenhNJ11cabpilttwlllOblill 
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Visualiz.c your daca wirh 
I DLe, che !t11erar1i11r Da,a 

lllnguagt, and s« resuhs in a 

whole newmy. 

IDL sofcw:ire's array-orieo1cd 

arch i teccure is de$igned for 

high-p<:rfonnance processing 

of large, complex darn. That's 

why ic's the mndard in the 

Easily create amaling graph- world's prccmincm medical, 

ics with I DL software's 

accelerated 30 system. Wam 

ro spin or lly-1hrough a 

surface? No problem. Shade 
and illwninate wi1h muhiple 

lighr sources? 

hll,11,.•t• ii.ii I f,l ,lt'I [1 ',lit 

'11111 ldll Ill~ PJ' ll'I \V 1ft' 

I t•lt,·1 c1ppl11 ,1l11111, 

Re.HJ ,n i1l1JI IZC Jnd ou·pul 
youi data viilh the click of a 
mouse v11lh IDL 1ns1qhl 

military, engineering & sci­

ence organizations. IDL is so 

efficienc that a few lines of 

IDL can do the job of hun­

dreds of lines of C or Fortran. 

And, ics objecr-orienred 

sysrem leis you dtvdop 

sophisiicarcd applicarions 

from rrusable code modules. 




