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aw Your Complete Analysis Solution 
ith LabVIEW® Graphical Programming 
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Productive and Creative Methodology 
Quickly develop programs for analysis, simulation, 
and algorithm development with the complete graphical 
programming language found in LabVlEW. It is more 
than a math calculator. LabVlEW has graphical constructs 
for While Loops, For Loops, and Case structures. 

Advanced Visualization and Plotting 

5..........,..-. ~ 

Rapidly create spectrograms, 2D plots, 3D plots, waterfall 
plots, strip charts, contours, and XV graphs with 
annotation, printing, and importing. CD 1- , SiIN/ 

mwg Powerful Mathematics 
The award-winning LabVlEW Gabor Spectrogram 
algorithm for joint time-frequency analysis (JTF A) is an 
example of industry-leading innovation. In addition, 

Elev&ion 
LabVlEW has hundreds of analysis function 
blocks for signal processing, digital fIlters, 
statistics, and linear algebra. Add-on analysis 
toolkits include: 
• image processing • 3D plotting 

o • surface rendering 
• PID control 

Beyond Analysis 

• speech processing 
· JTFA 
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Acquire data from GPIB, VXI, and RS-232 
instruments and plug-in data acquisition 
boards. Connect to other applications with 
DDE, Apple Events, QuickTime, or TCP/IP. 
With the open design of LabVlEW, you can 
easily call C programs and other languages. 
In addition, LabVlEW executes at speeds 
comparable to compiled C code. 

Graphical User Interface (GUI) Tools 
Easily create virtual instruments and interactively control 
real-world processes using the GUI controls and indicators 
built into LabVlEW. 

FREE Software 
Call for your copy of Analysis Advisor';' a 
free interactive analysis software tutorial. 

(800) 433-3488 (u.s. and canada) 

Ana{ysls AdVisor requires Windows 3.1 and 8 MB RAM. 

"I take cwo 
people outJor 
breaifast, .. 
computed and 

I r;:!~::J!!!!!!!!!!!~!!!!!!!!~ displf{)'ed with 6 Lab VIEW. ,7. NATIONAL 
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~ 6504 Bridge Point Parkway 

See us at Sensors Expo 
Booth 854 
See us at ISA, Booth 211 8 

EKG signal and 
Quicknme heart 

--'-"'--=--=-,-:=---=--=-="--_--' video using LabVIEW. 
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So your job requires you to analyze 
data, to make sense of numbers. But 
what if you're no expert? What if you 
barely understand statistics? Simple. 
You get your hands on STATGRAPHICS 
Plus for Windows. And then you get 
praised to new heights for your 
spectacular reports and analyses. 

Intuitive Design 
It's as simple as this: STATGRAPHICS 
Plus for Windows is the easiest-to
leam, easiest-to-use PC-based 
statistical analysis package you can 
buy. It has the smartest screens 
you've ever seen, with menus that 
guide you through even the most 

complex analyses. Whether or not 
you ever took a statistics course, 
you'll find yourself mastering every
thing from regression analysis to 
ANOV A. And you can also choose 
from four optional add-on modules 
that make specialized tasks a breeze: 
Quality Control, Experimental 
Design, Time Series, and Multivariate 
Statistics. 

Loaded with Features 
There's more, too. Like the incredible, 
reach-for-your-sunglasses graphics, 
designed to be so interactive that 
they practically read your mind. 
And our revolutionary new StatFolio 

feature, which lets you automatically 
store and re-run an entire analysis 
without worrying about writing 
macros or any complex commands. 
And our Dynamic Data Exchange 
(DDE) link to your favorite Windows 
spreadsheet program eliminates the 
need to import or export files. 

Call Today 
You get the idea. Now call us and 
get the details. Because no matter 
how much, or how little, you know 
about data analysis, STATGRAPHICS 
Plus for Windows is the smart way 
to get the job done. 

STATGRAPHICS® Plus 
800-592-0050, ext. 450 

In Maryland: 301-984-5123 • Outside the U.S.A: 301-984-5412 • Fax: 301-984-5094 

Manugistics, Inc., 2115 E. Jefferson St., Rockville, MD 20852. STATGRAPHICS is a registered trademark of Statistical Graphics Corporation. Windows is a 
trademark of Microsoft Corporation. STATGRAPHICS Plus for Windows runs on 386-, 486-, and Pentium-based systems with at least 4 MB of RAM and a 
graphics adapter. Authorized international dealers: Australia (03) 602-5088, Canada (416) 369-1630, France (01) 47 78 7800, Germany (0212) 339099, (069) 800530, 
Hong Kong 851 -5688, Italy (02) 29404830, Korea (02) 222-3400, Malaysia (03) 717-0077, Mexico (525) 286-3290, Netherlands (03402) 66336, Poland (012) 215911 , 
(609) 497-9104, Singapore 254-5245, Spain (01) 372-8335, Sweden (031) 453740, Taiwan (02) 788-6777, United Kingdom (071) 436-9481 . 
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EW LINK 
BETWEEN 

COMPUTER 
GRAPHICS 

& VIDEO 
THE LA T EST ADD I T I ON TO 

THE RGB SPECTRUM FAMILY O F 
V I DEO S CAN CONVERTERS 

RGBIVIDEOLINK® 
1500 SERIES 

CONVERTS HI GH SCAN RATE 
i MAGES FROM COMPUTERS , 

RADAR , OR FLIR SENSORS TO 
V I DEO FORMAT FOR RECORDING , 

TRANSMISSION , PROJECTION 
AND TELECONFERENCING 

Adjustment free auto-locking 
to all workstations and PCs 

Flicker-free, broadcast quality 
NTSC RS-170A or PAL 
composite video, S-Video 
and RGB outputs 

Optional RGB 31.5 kHz 
for video projection 

Optional graphics/video overlay 

Full 24-bit color processing; 
over 16 million colors 

Models from $9,495.00 

Made in the USA 

GSA Contract #GS03F2032A 

SPECTRUM 

950 Marina Village Parkway Alameda, CA 94501 
Tel: (510) 814-7000 Fax: (510) 814-7026 

For More Infonnation Writ e In No. 400 
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$7,175 
Sun SPARCstation Voyager 

with 17" Color Display, 
16MB RAM, 340MB Disk 

Available on Open Market 
(#163-2718) 

$1,561 ** 
Artecon Sphinx Rack 
Mountable SPARC 
Storage Enclosure 
Available on Schedule A 
(#198-838) 

$2,076* 
SunPies 
SPARCpnnter II 
Available on Schedule A 
(#466-046) 

$10,707 
Sun SPARCstation 20 
Model 50 Turbo GX 

with 32MB RAM, 
535MB Disk 

Available on Schedule A 
(#163-2700) 

$266 
SunSelect PC NFS, v5.1, Ucense, 
Disk and Documentation 

$5,346 
Sun SPARCstation t;ICISSII~ 
16" Color Display, 
RAM, 535MB Disk 
Available on Schedule A 
(# 163-2585) 

Frame 
FrameMaker 4 
Personal Ucense 
Available on 
SEWP Contract 

(#83904A) 

$2,635 
SunSolutions ShowMe, v2.0 with 
Video, Audio, Shared App., Whlteboard, 
Camera, SBus board, CD, Uc, Doc. 
Available on Schedule A 
(#469-009) 

GSA A 
#GSOOK94AGS568J 

GSABIC 
#GSOOK94AGS6407 

SEWP 
#NAS5-37008 

[!YJ IV DTN 
#FOJ620-93-D -OOOJ 

Companion 
#N66032-9J-D-0002 

FEATURED PRODUCTS MAY BE AVAILABLE ON OTHER CONTRACTS 
International customers: 703-502-2000. BBS#: 703-222-5227. TIlis promotion refers to various companies or products by their trade names. Tn mOSt if not all cases, thes. 
designations are claimed as trademarks. registered trademarks, service marks, or registered service marks by their respective owners. e GTSI. 1994 - All rights reserved 



WordPerfect, v6.0 
for UNIX. CD ROM 
Available on Open Market 

(#356-957) 

, -

$684 

$2,655 
SunPro WorkShop, v1.0 

with c++, TeamWare 
and SPARCworks 
Available on Schedule A 

(#467-133) 

$5,216 
Tektronix Phaser 2201 
Thermal Color PrInter 
Available on SEWP Contract 
(#82912A) 

$3,198 
us Connect Notes 

Single Server Installation 
Available on Schedule B/C 

(#583-063) 

~ ~ 
USConnect 

Informix Online 
Dynamic Server 
Available on SEWP Contract 

$2,360 
Lotus Notes 
License 10-Pack 
Availab le on SEWP Contract 
(#83645A) 

(#8338IA) 

$8,718 
Sun SPARCstation 5 
Model 85 Turbo GX with 
32MB RAM 1.05GB Disk 
Available on Schedule A 
(#163-2729) 

LolllS 

o 
What's more, GTSI offers these products on a 
variety of contracts including GSA Schedule A 
,md NASA SEWP. Which means you'll never 
have to work overtime to meet your budget II 
requirements. So when your next purchasing 
assignment includes workstations, put the lead-

1-800-999-GTSI 

r 
Thanks to Government Technology Service , 
Inc. (GTSI®) there is very little work these days 
to buying workstation . In fact, given our 
tremendous selection of over 38,000 products 
from more than 360 manufacturers and conve
nient one-stop hopping, purchasing UNIX 
workstation products has never been easier. ing reseUer to work for you. Call GTSI. 

UNITING GOVERNMENT 
NEXT DAY SHIPPING ON FEATURED PRODUCTS WITH TECHNOLOGY • 

• Second paper tray not included. ··Sphinx unil> "h.ch work with the Sun SPARe'talion 5 and 20 are available. 
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Merlin™ Mesh Enhancement Technology gives you 
the highest quality finite element mesh available 

Typical unconditioned meshes from "competitive" products 

(Algor brick element models above shown with an 85% shrink-element factor.) 

Merlin produces engineering-quality, quadrilateral surface meshes for high-accuracy plate/shell FEA or 8-node 
"brick" element generation using Hexagen (fully automatic). Merlin enhances the mesh quality of Algor's 
modeling and design software. In addition, Merlin is included in HoudiniTl

• which is unique software that takes 
existing or new CAD solid models and automatically creates high-accuracy, 8-node "brick" finite element models. 

Merlin technology turns a 3- or 4-node 
surface mesh or CAD solid model into 
a high quality 4-node mesh in an easy, 
one-step process. 

When the Engineering 
Has to be Right ™ 

Algor backs its software products 
with a Satisfaction Guarantee. 

Call or write for details. 

For DOS, UNIX and Windows NT 
150 Beta Drive 

Pittsburgh, PA 15238-2932 USA 
Phone: (412) 967-2700 

Fax: (412) 967-2781 
California: (714) 564-2541 

Europe (UK): +44 (784) 442246 
Tokyo: +81 03-3589-6148 

N Trademark of Algor, Inc. 
Copyright © 1994 Algor, Inc. 

For More Information Write In No. 518 
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Inventor Joseph Resnick employed microencapsulation tech
niques he found in NASA Tech Briefs to design an innovative 
bioremediation delivery system that is cleaning up oil spills 
around the world. Manufactured by Petrol Rem Inc., the system 
comprises beeswax microspheres filled with petroleum-eating 
microbes that can be sprayed over the spill site with no risk to 
the surrounding ecosystem. Turn to Mission Accomplished on 
page 26. Photo: Alan J. King 
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Insulators. In plasma-arc 
cUffing torches. Vespel 
insulators provide 

superior strength and durability 
at high temperatures up to 
550'F, lasting up to six 
times 10llger than 
fragile ceramic 
insulators. 

Bearings. 
In photocopiers, 
Vespel composite 

idler gear hub bushings are 
a cost-effective alternative 
10 metal. The Vespel parts 
provide ultra-high 
temperature resistance and 
dimensional stability while 
offering a 101V coefficienr of 
friction, as well as long life 
without lubrication. 

• Bushings. 
In aircraft 
engine 

vanes, Vespel 
bushings withstand 
highjreql/ency 
vibration dithering 
and offer excellent 
slability and lubricity 
01 high temperatures. They also reduce assembly time. 

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

Su perior strength and reliability 
aren't the only ways Vespel can save you 
money. Often, you can con olidate two 
or more exi ting parts in one Vespel piece. 

~ 
Seal Rin . In the assembly 
ofaUlomobile transmissions. Vespel 
seal rings reduce costs by replacing 

expensive metal rings, which call fractLIre or 
defonn during assembly. They also reduce 
warranty costs by producing a beffer seal. 

Thrust 
Washers. 
Infann 

tractor transmissions, 
Vespel thrust washers 

reduce costs and 
manufacturing 
time by eliminating 
theneedfor 
secondary 

machining. 
Vespel washers 

also exhibit high 
perfomulIlce and 
low wear with limited 
or no lubrication. 

~ 
Wear trips. 
In textile equipmenr, 
Vespel tenter frame 

clip wear strips reduce costs by 
eliminating the need for lubrication. 11ley 
also improve textile manufacturing quality 
by eliminating oil contamination, and 
provide good wear and temperatllre resistance. 

IF YOU WANT TO 
GET TECHNICAL 

For Information. 
call 1-800-426-7246. 

Or write: DuPont Vespelo 
Product Information 

Center. P.O Box 1138. 
Bloomfield Hills. MI 

48303-1138. 

Vesper 
Only by DuPont 

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 ju t make better 
bu hings , bearings, washers and seals. 
We make better sense. 



Vespel® parts can 
handle some of 

the tou est jobs. 
epayingfor 

themselves. 

Everyone knows that Vesper» 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 improvements 

somewhere else: the bottom line. That's because 
the reliability and long life of Vespel 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 (-3500 P to 5500 P), 
Vespel should be your first choice. Vespel should 
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The CY-ASP is the fastest digital data stor
age solution on the market, able to store up 
to 70 GB at speeds of up to 200 MB per min
ute, unattended, 

But there's more, 
The fastest subsystem is also the most 

flexible, giving you a choice of four record
ing modes plus offline copy and verify 
functions, 

In Single Mode the drives operate 
independently. 

In Cascade Mode data automatically 
writes to the next tape once the previous 
tape is full . 

In Mirroring Mode the same data 
writes to multiple tapes simultaneously. 

In Striping Mode data writes to two or 
more tapes at once, maximizing throughput. 

Consider it a data storage management 
tool, a solution that will help you solve the 
problems you encounter every day: the 
need for higher capacity and speed, the 
need to make duplicate tapes for off-site 
storage and data exchange, the need for 
real-time status information, and the need to 
save resources and boost productivity on 
every leveL 

Of course, we also know that a storage 
solution is only as good as the data you get 
back. With a bit error rate of less than 1 in 
1017 bits read, the CY-ASP gives you the 
highest data integrity. 

Based on proven 8mm helical scan 
technology, each drive supports our switch
selectable data compression option, And 
each drive features a 2-llne, 4O-column back
lit display that gives complete status informa
tion. 

Backed by a two year warranty that in
cludes expert service and support from our 
in-house engineering group, the CY-ASP is 
setting the pace in performance, flexibility 
and value. 

Other configurations are available, rang
ing from a 2.5 GB subsystem to an intelli
gent, automated 3 TB tape library. And 
they're all compatible with the widest range 
of computer systems and networks, 

When you're ready for a data storage 
solution that means business, call for 
complete information. 

(804) 873-9000 
CON T E M P 0 R A R Y 

CYBERNma 
Rock Landing Corporate Center • 11846 Rock Landing • Newpon News, VA 23606 • Fax: (!K)4) 873-8836 
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A circuit packaging system developed at Goddard Space Flight 
Center houses and connects control circuitry mounted on the 
shoulder, upper section, and lower section of a seven-degree-of
freedom robot arm. The design minimizes the number of wires 
between sections and prevents the wire volume from reducing 
the robot arm's dexterity. See the tech brief on page 70. 

Photo oourtesy Goddard Space Flight Center 
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THE KNOWLEDGE EXPRESSWAYTM 
The Fast Track for Technology Transfer 

and Business Developll1ent 

- Collaborative opportunities FEDERAL & UNIVERSITY 
LABORATORIES - Needs & capabilities 

- Technologies & products 

THE DIRECT ROUTE 
With the power of Natural Language 
Processing, there is no complicated 
language to learn. Direct access to the 
largest collection of technology 
transfer and business development 
information available makes the 
Knowledge Expressway much more 
than a bulletin board of dated and 
unedited material. Current information 
and quality control helps you avoid 
unneccessary detours. 

NEW BYPASS NOW AVAILABLE 
Connect via Internet or modem for 
quick access to the Knowledge 
Expressway. Carpool with thousands 
of technology transfer professionals 
using electronic communications. 
Find solutions to your technology 
needs quickly and efficiently, 
steering clear of wrong turns that 
reduce productivity. 

- Research in progress 
- Scientific expertise 
- Technologies 

FREE ROADSIDE ASSISTANCE 
With toll-free customer and technical 
support, cruising down the Knowledge 
Expressway is worry free. A Knowledge 
Express Technology Access Consultant 
will help you plan your travel on the 
information superhighway. 

WIDENED ON-RAMPS 
Small high-technology companies (under 500 employees), federal 
laboratories and university technology t ransfer offices may be 
eligible to participate in our National Technology & Commerce 
Initiative, a Technology Reinvestment Project funded by ARPA. Call 
us to learn more about subsidized rates with no initial fees. 

Fasten Your Seat Belts! 
Jump on the Knowledge Expressway and join thousands of federal laboratories, 

universities and technology businesses worldwide who are already in the express lane. 

KnoUJledge Express Data Systems 
900 W. Valley Road, Suite 401, Wayne, PA 19087-1830 

800-248-2469 or 610-293-9712 Fax 610-687-2704 
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DSP 
in a Spreadsheet 

-- - -- - -----------------

For a FREE Trial 

Call today: 1·800·777·5151 

DADiSP 
DADiSP offers more than 500 
functions for collecting, displaying 
and analyzing your data with the 
power and flexibility of a spread
sheet. Load a new data series, 
matrix, signal, or image, alter 
a parameter, or select a new 
function, and all windows update 
automatically. 

• Data Acquisition 

• Data Reduction and Editing 

• Peak Analysis 

• Matrix Mathematics 

• Fourier Analysis 

• Plotting and Graphing 

• Statistics 

• Filter Design 

• Visualization 

• Image Processing 

Construct sophisticated analysis 
chains in seconds. DADiSP's icons 
and menu-interface place signal 
processing analysis under your 
control. Just point and click and 
DADiSP displays your results 
immediately, with no programming. 

DADiSP runs under: 
DOS, Windows, UNIX, VMS. 

DSP 
Development 
Corporation 

One Kendall Square Cambridge, MA 02139 
Phone 617·577·Jl33, PAX 617·577· 2Jl 
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NO MAnER HOW YOU MODEL IT, 

MSC/NASTRAN CAN ANALYZE IT. 
MSCINASTRAN: Open and accessible PEA. What makes MSC/NASTRAN the world's 
most accessible PEA program? No matter which geometric modeling system you use, you 
can analyze your design with MSC/NASTRAN. It interfaces directly with more modeling 
programs, CAD systems, and general and 
special purpose pre- and postprocessors than 
any other analysis package. MSC/NASTRAN owerful.™ 
also contains industry-standard I/O formats, "------------
and a modem database with utilities for programming your own custom, direct interfaces. 

Open choice of platforms, too. Desktop personal computers, workstations, supercomputers ... 
MSC/NASTRAN gives you unprecedented freedom of choice. Input and results are easily 
transferred from one computer system to another. 

If you can model it, MSC/NASTRAN can analyze it. 
Call 800-642-7437 ext. 500 for more information and 
a brochure. 
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There are many areas where our 
function generator will surpass 
your expectations. 

A built-in 12-bit, 40 MSample/sec, 
i6K deep a,'bitralY waveJonn 
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synthesized function/arb HP 33120A fully loaded technical literature you need 
generator: Within budget, function/arb generator and get to make the right decision. Or, for 
without compromise. something totally unexpected. one-on-one technical support, you 

A price you can afford. can speak to an engineer who has 
In the world of function generators, firsthand 
price and perfOlmance have always 
been synonymous. So it's under
standable you'd expect to pay more 
for the measure of confidence you 
get with a synthesized signal source 
that delivers stable, accurate signals 
test after test. Or, for the flexibility 
to generate complex waveforms 
with arbitrary waveform capability. 

You'd probably also expect to pay a 
premium for the convenience of 
built-in sweep and modulation 
functions. And to have both HP-IB 
and RS-232 intelfaces standard. 

Fact is, you can always get high 
performance with the high price to 

Call HP DIRECT at 1-800-452-4844'\ Ext. 8645 
to talk to an HP engineer about your function 
generator needs. 

experience 
withHP 
products. 

Want to speak to someone about 
the HP 33120A function/arb 
generator features, its complemen
tary BenChLinklArb software, or 
your application needs? Calling 
HP DIRECT is the fast, easy way to 
get all your questions answered -
with no obligation to order. 

You see, HP DIRECT is your direct 
line to information and solutions 
for HP basic test instruments. With 
one simple call, you can get product 

And, of course, 
if you're ready to order, we can help 
you do that, too. 

So give us a call. And discover how 
much more you get from HP today. 
• Ln Canada. call 1..a00.387-3867, Dept.. 476, 

There is a better way. 

FliDW HEWLETT® 
a:~ PACKARD 
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NOTEBOOK Bill Schnirring, President/CEO 

A Milestone In Reinventing Government 

YOU have the 100th commercial 
issue of NASA Tech Briefs in your 
hands. As many of you know, NTB 

is published through a unique govern
ment-industry partnership that began ten 
years ago. I'd like to share with you part 
of the editorial I wrote in the first commer
cial issue in March,1985: 

"Thomas Hobson was the 17th century 
English Liveryman who gave his customers 
the choice of renting any horse they wanted 
as long as it was the horse nearest to the door. 
Hence the term "Hobson's choice" ... no clwice 
at all. EssentiaUy, this was NASA 's po ition 
as it sought to extend the dissemination of 

ASA Tech Brief while cutting costs. 
The recommendations of the President's 

Commission on Cost Control, better k.nown 
as the Grace Commission, underscored the 
problem and reinforced NASA's position: 
smack. on the horns of a dilemma. 

One of the commission's cost-cutting sug
gestions was to charge for subscriptions to 
appropriate gavernment publications ... 
among which was ASA Tech Briefs. 
When NA :A surveyed you, the reader, projec
tions showed that converting ASA Tech 
Brief to paid subscriptions would decimate 
the circulation. 

While NASA was and is in favor of cut
ting costs, one of Congress' original mandates 
to NASA was the widest possible dissemina
tion of information and technology gained 
in the space exploration process. ASA Tech 
Brief has been the primary medium for this 
dissemination, called technology transfer. 
Clearly, charting a course of paid subscrip-

tions to A Tech Brief would be incon-
si tent with liSA s charter. 

You 'u holding the answer to the problem. 
It ' the new ASA Tech Briefs ... a joint ven
ture between liSA and Associated Business 
Publications. This is the first periodical pmt
nership, if you will, between a gavenwumt 
agency and a private sector publishing finn. 

In the past there has been an OMB
imposed cap of 75, 000 on the ASA Tech 
Briefs mailing list, which has re ulted in a 
waiting list that has reached as high as 
12, 000. I'm delighted to be able to doff that 
cap. ow all U. citizens qualified to make 
use of the technology described in TB are 
entitled to free subscriptions. Several more 
benefits will result from our joint endeavor, 
not the least of which will be a 2, 000, 000 
plus savings over the next five years. " 

Well , we hit the savings target...and 
much more. We've saved NASA more 
than $12 million in printing, paper, and 
postage over the past decade, and have 
been the fastest-growing design engineer
ing magazine in the 1990s. Our circu
lation has grown 174%, to over 205,000 
subscribers and some 500,000 readers 
every month. This makes NASA Tech 
Briefs one of the world's largest engineer
ing magazines, and the largest in the US. 
We also have increased the frequency of 
publication from quarterly to monthly, and 
have doubled the number of tech briefs 
published annually. 

What we didn't know when we en
tered into the agreement with NASA was 
why we, a small publishing company, 

were chosen. After all , McGraw Hill, Pen
ton , Cahners, and other giants of the 
business-to-business publishing world 
attended the pre-proposers conference. 
We've since found out why we were 
offered the opportunity .. .we were the only 
proposers. 

We could speculate all day as to why 
no one else proposed. The fact that 
NASA wasn't going to pay any money 
might have factored into the equation , 
but so might any number of other things. 
The team that NASA had evaluating the 
venture gave us less than a 50-50 
chance of succeeding. They weren't all 
that far off. We overcame a number of 
serious difficulties, selling other publica
tions which enabled us to finance NASA 
Tech Briefs through those difficult times. 
When NASA and we entered into this 
unprecedented partnership, there were a 
number of other govemment publications 
very similar to NTB (as it was then). NASA 
Tech Briefs is not just the sole survivor ... it 
is a vibrant success. And I can say that 
because I have it on excellent authority .. . 
your Feedback comments. Please keep 
them coming; I can't begin to tell you how 
much we appreciate them. 

NASA and its Office of Advanced Con
cepts and Technology have a new Agen
da For Change that stresses building 
more partnerships with industry in the 
coming months and years. We're looKing 
forward to working with NASA to contin
ue reinventing government and pioneer
ing innovative ways of serving industry 
and saving taxpayer dollars. 

FOLLOWING ARE EXCERPTS OF REMARKS BY CONGRESSMAN XAVIER BECERRA OF CALIFORNIA, 

AS APPEARED IN THE AUGUST 5, 1994 EDITION OF THE CONGRESSIONAL RECORD: 

Mr. Speaker, as a member of the House Science, Space, and Techno
logy Committee, I want to recognize Associated Business Publications 
and offer my congratulations on the anniversary of its ten-year partnership 
with NASA and the publication of its 100th issue of NASA Tech Briefs. 

Most of us recognize that technology is the key to economic growth, 
creating new jobs, building new industries, and improving our standard 
of living. How can we encourage the development of new technologies? 
By building a partnership between government, industry, and academia. 
Fortunately, there is an excellent example of this public-private partner
ship taking place today that I would like to call to your attention. 

Ten years ago, NASA was looking for a way to improve its ability to 
transfer technology to the American public and save money. Associated 

16 

Business Publications answered the call. ABP and NASA joined forces to 
publish NASA Tech Briefs at no cost to the American taxpayer. 

This successful joint venture between government and small business 
is one way in which NASA is meeting its mandate to transfer technologi
cal innovations to the American public. Over the past ten years, nearly 
7500 innovations have been featured in [NTB'sj pages. 

Translating the language of research into the speech of the market
place, ABP was streamlining a government process long before the call 
for reinventing government was ever sounded. Its relationship with NASA 
provides a paradigm that other federal agenCies should consider adopting 
to ensure efficiency and success in all our work. America needs more 
efforts like those of ABP to turn our dreams into reality. 

NASA Tech Briefs, September 1994 



NASA-ASP PARTNERSHIP: A MODEL 
OF SUCCESSFUL INNOVATION 
by Daniel S. Goldin , Administrator, National Aeronautics and Space Administration 

Yen years ago, an innovative and dar
ing experiment began at NASA. Not 

one to find life in outer space, or to test 
some form of artificial gravity. Instead, it 
was a simple, down-to-Earth entrepre
neurial venture: the privatization of a gov
ernment publication, NASA Tech Briefs. 

No one previously had attempted to 
have a government-funded publication 
printed and distributed by the private 
sector at no cost to the government. To 
do that, the privatized publication had to 
break the usual mold of having govern
ment literature free of any "commercials." 
Appropriate advertisements would pay 
the publishing costs. 

Thanks to the visionary minds of 
NASA's technology transfer managers 
and the entrepreneurial spirit of Associ
ated Business Publications CEO Bill 
Schnirring, NASA Tech Briefs has evolv
ed from a fledgling black and white cir
cular of spartan abstracts and diagrams 
to an eye-catching and broadly informa
tive full-color magazine. The circulation 
exploded from about 75,000 subscri
bers quarterly to more than 200,000 
monthly, with a secondary readership in 
the millions. 

This innovative commercial partner
ship between NASA and Associated 

Business Publications has set an exam
ple for the rest of the federal establish
ment in technology transfer and com
mercialization. But, the story doesn't 
end here, for NASA is not just about pub
lications and magazines, excellent as 
NASA Tech Briefs may be. It is about the 
technologies that commercial users find 
in the magazine's pages and the bene
fits that may be drawn from them. 

NASA Tech Briefs represents just 
one of many ways NASA shares its 
wealth of intellectual and physical re
sources with the American people. For 
example, the same technology the Viking 
landers used to measure microorgan
isms in Martian soil is now part of a com
mercially available implantable infusion 
pump for diabetics. NASA software that 
lets us resolve fine details in images re
motely sensed from space soon will per
mit thousands of elderly people who suf
fer from low vision to watch television, 
read , and function more normally in their 
immediate surroundings. 

The ancillary value of NASA's aero
nautics and space programs to our eve
ryday lives on Earth is potentially im
mense, but we need the entrepreneurs, 
inventors, businesses, and other risk
takers to see this value and derive com-

High Overhead? 
FactQry Limited? 
TrySMTEK. 
Your Best Value Source. 
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mercially viable 
products or ser
vices. This is the 
critical role that 
NASA Tech Briefs 
and our other technology transfer mech
anisms play. They make the technology 
and other NASA capabilities well known, 
make them easily accessible, and help 
their infusion into the marketplace. 

We've done well, but there is always 
room for improvement. Taking a page 
from the NASA Tech Briefs experience, 
we're now empowering all of our NASA 
scientists, engineers, and administrators 
to break the old molds and think in new 
terms. They are realizing that technology 
transfer and commercial application of 
their NASA missions-derived discoveries 
are as much their responsibilities as the 
missions themselves. This is a win-win 
philosophy. The more we contribute to 
the nation's economic health and wealth, 
the more willing Americans will be to in
vest in NASA missions. 

So on its tenth anniversary, congratu
lations to the NASA Tech Briefs enter
prise and those at NASA and Associ
ated Business Publications who have 
made its success possible. 0 

• JIT/CAD/CAM/CIM/MRP/SPC 
• PWB & Chassis Design 
• Concurrent & Conversion 

Engineering 
• MIL-Q-9858A, NHB 5300.4(lB), 

ISO-9001 (pending) 
• Automated SMT & Mixed Assembly 
• Prototype to Production Flexibility 

Call today 
1-800-768-1110 

Eng in ee rin g SMT So lut io ns 

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



THE WHITE HOUSE 

August 5, 1994 

Mr. Bill Schnirring 
President 
NASA Tech Briefs 
Suite 921 
41 East 42nd Street 

WASHINGTON 

New York, New York 10017 

Dear Bill: 

It is my pleasure to congratulate you and all 
those at Associated Business Publication on produc 
tion of the one hundredth issue of NASA Tech Briefs 
and on the unique ten-year relationship that makes 
this magazine possible. 

The collaboration between NASA and Associated 
Business Publication provides an important means for 
the transfer of information between the public and 
private sectors. Every day, millions of American 
citizens benefit from the widespread distribution 
of space technology. 

Thanks to you, businesses and individuals 
across our country have learned about the fasci
nating and useful results of NASA research and 
are better prepared to meet the challenges of 
the twenty-first century. 

I commend you for your involvement in this 
wonderful partnership, and I extend best wishes 
for continued success. 

Sincerely, 



Photograph and FEA model provided councsy 0(1'0<1;,),'5 Kids, Dallas and ORD Corporation. Tulsa. 

WITH ANSYS® FEA, IT'S EASY TO 

SOLVE EVEN THE HARDEST PROBLEMS. 

Complex design analysis will never be 

confused with childs' play. But with 

ANSYS PEA, it's easier. .. faster. .. 

and more interactive than ever before. 

Not to mention m.ore fun. New 

users navigate moothly through ANSYS 

x-Windows Motif-based GUI, making the 

program ' powerful capabilitie easier to 

learn and apply. Experienced user simply 

work more efficiently. Underneath the inter-

face is the ame comprehensive code that 

makes ANSYS the industry's leading FEA 

program, with over 37,000 seats worldwide. 

Just a k Today's Kids which software 

worked best to optimize their play slide 

des ign. They 'll tell you there was no ques-

tion. It 's ANSYS. Call today for more 

details: 1- 800-WE-R-FEA-1 (1-800-937-3321). 

@S.L . s.wansonAnaIYSiSSystems,lnc. 
/..o~ Johnson Road , PO Box 65 

Houston, PA J 5342- 0065 
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C I994 Swanson Analysis Systems. Inc. ANS YS is a rt:gl~lertd trademark of Swanson AnalysIs Systems. Inc. I'ro/ENG INEER IS a registered trndemark of Parametric Technology CO'llOr.lIion. 
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HOW YOU CAN BENEFIT 
FROM NASA's 

TECHNOLOGY 
TRANSFER 
SERVICES 

I f you're a regular reader of TECH BRIEFS. then you're already makIng use of one of the 
Iow- and no-cost services provIded by NASA's Technology Transfer Program. But a 

TECH BRIEFS subscnptlon represents only a fracbon of the technocallnformation and appIi
cabonSlengoneenng selV1C8S offered by this Program In fact, When all of the components of 
NASA's Technology Transfer Network are considered. TECH BRIEFS represents the 
proverbial tip of the iceberg. 

We've outlIned below NASA's Technology Transfer Network-named the parbcopants 
descnbed their sel'VlCeS. and listed the IndovidlJals you can contact for more Information 
relating to your speafic needs We encourage you to make use of the Information. access 
and approcations selVlCeS offered 

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

I f you need further infonnation about new technologies presented in NASA Tech Briefs, request the Technical Support Package (TSP). If a TSP is not 
available, you can contact the Technology Utilization Officer at the NASA Field Center that sponsored the research. He can arrange for assistance in 

applying the technology by putting you in touch with the people who developed it. If you want infonnation about the patent status of a technology or are 
interested in licensing a NASA invention, contact the Patent Counsel at the NASA Field Center that sponsored the research. Refer to the NASA reference 
number at the end of the Tech Brief. 

Lewis Research Goddard Space Flight Ames Research Ctr_ George C_ Marshall John F_ Kennedy Edward K. Fein 
Center Center Office of Commercial Space Flight Center Space Center Mail Code HA 
Technology Utilization Technology Utilization Technology Director: Technology Transfer Technology Utilization Houston, TX 77058 
Officer. Anthony F. Officer. Dr. George Alcom Dr. Syed Z. Shariq Officer. Harry G. Craft Jr. Officer. James A. (713) 483-4871 
Ratajczak Mail Code 702 Mail Code 200-11 Code LA20 Aliberti 

Jet Propulsion Lab_ Mail Stop 7-3 Greenbe~. MD 20771 Moffett Field, CA 94035 Marshall Space Flight Mail Stop DE-TOO 
21000 Brookpark Road (301) 286-5810 (415) 604-6406 Center, Kennedy Space NASA Management Off'oce 

Cleveland, OH 44135 Patent Counsel: Patent Counsel: AL35812 Center. FL 32899 Technology Utilization 

(216) 433-5568 A. Dennis Marchant Darrell G. Brekke (205) 544-0963 (407) 867-3017 Officer: Am Husain 

Patent Counsel: Mail Code 204 Mail Code 200-11 (800) 437-5186 Patent Counsel: Mail Stop 180-SOOC 

Gene E. Shook Greenbe~, MD 20771 Moffett Reid, CA 94035 Patent Counsel: Bill Sheehan 4800 Oak Grove Drive 

Mail Code LE-LAW (301) 286-7351 (415) 604-5104 Robert L. Broad. Jr. Mail Code DE-TOO Pasadena, CA 91109 

21000 Brookpark Road Mail Code CCOI Kennedy Space (818) 354-4862 

Cleveland, OH 44135 
Langley Research Ctr_ NASA Headquarters Marshall Space Flight Center, FL 32899 Patent Counsel: 

(216) 433-5753 Technology Application Technology Utilization Center, (407) 867-2544 Thomas H. Jones 
Group Officer: Leonard A. Ault AL 35812 Mail Code 180-802B 

John C. Stennis Dr. Joseph S. Heyman, Code CU (205) 544-0021 Lyndon B. Johnson 4800 Oak Grove Drive 

Space Center Acting Director Washington, DC 20546 Space Center Pasadena, CA 91109 

Technology Transfer Mail Stop 118 (202) 358-0721 Dryden Flight Technology Transfer (818) 354-5179 

Officer. Richard A. Galle Hampton, VA 23681-0001 Associate General Research Facility and Commercializafion 
Technology Utilization (804) 864-6005 Counsel for Intellectual Proiect Manager, Office, Director Code MAOO 

Patent Counsel: Property: Jack Mannix Technology Transfer Henry Davis Mgr. for JPL: 
Stennis Space Center, 

Dr. George F. Helfrich CodeGP Offoce: Yvonne Kellogg Mail Code HA Wayne Schober 
MS 39529 

Mail Stop 212 Washington, DC 20546 Mail Stop D-2131 Building 1 Mail Stop 122-116 
(601) 688-1929 

Hampton. VA 23681-0001 (202) 358-2424 P.O. Box 273 Houston, TX 77058 4800 Oak Grove Drive 

(804) 864-3521 Edwards. CA 93523-0273 (713) 483-3809 Pasadena, CA 91109 

(805) 258-3720 Patent Counsel: (818) 354-2240 

How You Can Utilize NASA's Regional Technology Transfer Centers (RTTCs)-A nationwide 
network offering a broad range of technology transfer and commercialization services. 

Y OU can contact NASA's network of RITCs for assistance in solving a specific technical problem or locating technology or markets that match your 
interests. The RITCs are experienced in working with industry to define technology needs and acquire and commercialize applicable technology_ 

User fees are charged for most services. For more information, call 1-800-472-6785 and you will be connected to the RITe in your geographical region 
(or you may call or write directly to the RITC in your region). 

REGIONAL TECHNOLOGY TRANSFER TRANSFER CENTERS (RTTCs) 
RTTC Directors 

NORTHEAST 
Dr. William Gasko 
Center tor Technology 

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

MID-ATLANTIC 
Ms. Lan'o S. Hummel 
University of Pittsburgh 
823 WillIam Pitt Union 
Pittsburgh, PA 15260 
(412) 648-7000 
(800) 257-2725 (toll-free US) 

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

MID-CONTtNENT 
Mr. Gary Sera 
Texas Engineering Extension Service 
Texas A&M University System 
301 Tarrow Street 
College Station, Texas 77843-8000 
409-845-8762 

MID-WEST 
Dr. Joseph W. Ray 
Great Lakes Industrial Technology Center 
25000 Great Northern Corporate Center 
Suite 260 
Cleveland, OH 44070-5331 
(216) 734-0094 

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

If you are interested in information, applications, research, training, and services relating to satellite and aerial data for Earth resources, contact NASA's 
transfer point for earth observing technology: Earth Data Analysis Center, University of New Mexico, 2500 Yale Blvd. S.E_, Suite 100, Albuquerque, 
NM 87131-6031; Dr_ Stan Morain, Director (505) 277-3622_ 

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

A Shortcut To Software: COSMIC4D-For software developed with NASA 
funding, contact COSMIC, NASA's Computer Software Manage-ment and Inlormafion 
Center. New and updated programs are announced in the Computer Programs section. 
COSMIC publishes an annual software catalog. For more information call or write: 
COSMIC-, 382 East Broad Street, Athens, GA 30602 John A. Gibson, Director. (706) 
542-3265; FAX (706) 542-4807. 

If You Have a Question NASA Center For AeroSpace Information 
can answer questions about NASA's Technology Transfer Network and its services 
and documents. The CASI staff supplies documents and provides referrals. Call, write 
or use the feedback card in this issue to contact: NASA Center For AeroSpace 
Information, Technology Transfer Office, 800 Elkridge Landing Rd, Linthicum Heights. 
MD 21090-2934. Walter M. Heiland, Manager, (410) 859-5300, Ext. 245. 
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We Offer The Followin~ 

Dramatic changes in the U.S. Defense environment have 
opened a world of exciting and profitable new opportunities 
for business and industry. 
While the primary mission 
of Air Force Science and 
Technology continues to 
maintain the best Air Force in 
the world, anew direction is Our sign Isout ... we'reopenforyourbusine.ss! 

emerging - the support of a healthy economy and bolstering 
America's global competitiveness. By offering a wealth of 
research and technology, this new open-door policy can 
provide countless new opportunities for your company. 

Technology Transfer - Open Access for Business 

Our new Air Force mission encourages the offering of technol
ogy developed through Air Force facilities for commercial 
applications. We call it Technology Transfer 

Through these transfers, the Air Force is making its 
research laboratories, test centers and depots awilable to 
business and industry like never before, creating partnerships 
in "dual-use" technologies. Considered the most promising of 
all the research endeavors uncletway by the Air Force, dual-use 
technologies both meet the needs of our military forces and 
offer significant potential for commercial application. 

Consider just a few of these Technology Transfer Partner
ships ongoing today: 

• Computer innovations used in "Smart Weapons" are 
being explored to help radiologists detect and pinpoint 
breast cancer much earlier than before. 

• A type of Phased Array radar system is being placed on 
school buses to warn drivers that children are close by. 

• Self-lubrication ball bearings - used in the space shuttle
are being looked at for use in several commercial manufactur
ing situations. 

• Imagine a pedestrian footbridge that 
never wears ou~ never rusts, never 
needs painting and requires virtually 
no maintenance. Now being tested, 
this bridge is so lightweight it can be 
lifted into place by a few workers using 
a small hoist 

There are many other success 

Technology from war-related 
research Is being utilized in 

the fields of medicine, 
education and countless 

otber peacetime applications. 

stories where dual-use technologies have been quickly and 
effectively transferred from Air Force Laboratories to the com
mercial marketplace. Many more opportunities are waiting for 
you. Can your organization get involved in Technology Transfer? 
The answer is Yes! We work through simple agreements with 

Visit us at Technology 2003, Booth 438 ... "Alr Force & Indusl 



.. Ri~ t Here On Earth . 

individual companies, alliances and partnerships. Call us today 
to discover the possibilities. 

New Technology - New Opportunities 

Imagine the opportunities - open access for your business or 
industry group to proven, world-class technology and thousands 
of skilled and experienced Air Force scientists and engineers. 
One-of-a-kind test fadlities and sophisticated scientific research 
facilities, coupled with nearly 90 years of aerospace research 
and development, give you access to the best technology in 
the world. 

Air Force Laboratories create technology solutions that are 
fully transferable to the commerdal marketplace. Many are 
already on the shelf and waiting to be used. 

These laboratories also have a reputation for solving some 
very tough technical problems. Laboratory expertise is avail
able in a broad array of technical areas, including: 

• Electronics • Health Care 
• Communications • Transportation 
• Education/Instruction • Energy 
• Environmental Sciences • Materials and Structures 
• Industrial Design • Human Factors 
• Public Safety • Manufacturing 
• Engines and Power Sources 

Today's Partnership for Tomorrows Technology." 

Products, Solutions, Partnering 

Technology Transfer offers a winning combination of scientific 
expertise, unique facilities and highly sophisticated equipment, 
all focused on helping your business create 
new products, solve tough technical 
problems and become more com
petitive in the global marketplace 
through partnering. Already, 
companies from the fields of automo-
bile design, aviation and medical Infrared night visiOIl 

research may someday 

research are lining up to take advan- aid the visually impaired. 

tage of the awesome capabilities that the Air Force Laboratories 
have to offer. To enhance your company's position in the new 
global arena, give us a call at our "Tech Connect" Hotline and 
discover how we can bring new signs of life to your project. 

Air Force Science and Technology. Offering business new 
possibilities. 

, Air Force 
t ' i ~'~ SCIENCE & TECHNOLOGY 

""'" Air Force & Industry - Today's Partnership for TOIl1{)rrow's Technology. 

Talk to us. Call Air Force "Tech Connect. " 
(800) 203-6451 
For More Information Write In No. 509 



brate our lOOth issue published at no cost to taxpayers, a few examples of how this 
unique, proactive forum has yielded practical benefits and helped accomplish NASA's tech
nology transfer mission. 

S
ix years ago, inventor Joseph 

_ ~ Resnick saw the need for a 
way to deliver petroleum

l ~ eating microbes to oil spills 
.... without endangering the or-
ganisms or compounding the environ
mental hazard. 

Then, he got a lead: microspheres 
like those described in NASA Tech 
Briefs could protect and carry the bio
degrading organisms to the spill site. 

After years of R&D, the result is a 
novel microencapsulation bioremedia
tion delivery system manufactured by 
Petrol Rem Inc., a subsidiary of Bio
control Technologies Inc. , Pittsburgh, 
PA. Known as the Petroleum Remedia
tion Product (PRP), the system has gen
erated multi-year contracts worldwide 
worth more than a billion dollars. 

The need for effective oil-spill re
moval techniques has become more 
pressing with each new environmental 
tragedy, including the massive oil slicks 
in the post-war Persian Gulf and the 
1989 Exxon Valdez oil spill in Alaska's 
Prince William Sound. The problem with 
available bioremediation methods had 
been that the organisms-highly sensi
tive to conditions such as salinity, pH, 
and radiation-either couldn 't survive 
the journey to the site or, once there, 
didn't live long enough to do their job. 

Resnick's solution was sparked by a 
NASA Tech Briefs article by Dr. John 
Vanderhoff, then at Marshall Space 
Flight Center, describing a rotary reactor 
to make microballoons. Vanderhoff's 
tech brief and subsequent briefs by Dale 
Kornfeld at Marshall and Taylor Wang at 
Jet Propulsion Laboratory led Resnick 
to speculate that microcapsules might 
present the ideal delivery system for 
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bioremediation. 
Resnick, now 

Petrol Rem's chief 
engineer, has met 
his share of thor
ny problems. With 
nine US patents 
and eleven pat
ents pending , he 
approaches each 
inventing chal
lenge from a var
ied background in 
medicine, public 
health manage
ment, and envi
ronmental engi
neering. Among 
his many inven
tions are a con
tainer tamper de
tection device, a 
water pollution 
alarm system, an 
artificial voice box 
that can be im
planted in a user's 
tooth, and a device that helps the deaf 
and hearing-impaired to speak more 
clearly. 

Resnick realized he needed three 
things for his bioremediation system: 
organisms that could both biodegrade 
petroleum and survive the encapsula
tion process, a material out of which to 
make the microspheres, and a machine 
to manufacture them. 

Research revealed the best mic
robes to be pseudomonads, a type of 
bacteria, and several strains of Candida 
yeasts, the largest of the fat eaters. 
These organisms eat hydrocarbons, the 
organic fats within gasoline or petrole-

Inventor Joseph Resnick's innova
tive bioremediation delivery system 
for petroleum spills employs NASA
developed microencapsulation tech
nology. 

um. However, they lack an osmosis con
trol mechanism and in aquatic environ
ments will absorb water until they burst. 

This is where the microspheres come 
in. By making them out of beeswax, 
Resnick solved several problems. Bees
wax is both hydrophobic and oleophilic, 
so while it is impervious to water, it clings 
to oil and permits passage of complex hy
drocarbon molecules through the walls 
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and into the microspheres. 
"When I encapsulate the organisms, 

I'm able to provide a barrier between the 
spill and the medium into which it has 
spilled," explained Resnick. "For example, 
in a fresh or salt water spill, if you put 
PRP on the top of the spill, it migrates to 
the area between the spill and the water, 
protecting indigenous ecotypes from 
exposure to the spill while protecting the 
bacteria and yeast from the water ." 
When PRP has finished degrading the 
oil spill , the beeswax can be used as a 
food source by local organisms. 

Resnick next needed to configure an 
apparatus that would allow him to put 
the beeswax and these living organisms 
through an orifice without putting the 
organisms in jeopardy. "I combined what 
I had learned from all of the tech briefs," 
he recalled. "The first prototype, built in 
my garage, incorporated a pressure 
cooker bought for eight dollars at a 
garage sale and two syringes, one fitted 
inside the other." 

Biocontrol Technologies learned of 
Resnick's invention and proposed a 
joint venture; Petrol Rem was bom. The 
parent company financed the construc
tion of a full-scale prototype and then a 
gigantic production model. 

The capsules range in size from .25 
to 500 micrometers. "It looks like a real 
fine powder, but if you put it under a mi
croscope, you can see they're little balls 
with a liquid center," described Resnick. 

The next step was testing by the En
vironmental Protection Agency (EPA) and 
the National Environmental Technology 
Applications Corporation (NETAC), a 
nonprofit corporation formed in 1988 
through a cooperative agreement be
tween the EPA and the University of Pitts
burgh to accelerate the development, ap
plication, and commercialization of envir
onmental technologies. NETAC's detail
ed study of PRP, conducted in a spe
cially-constructed tank to avoid introduc
ing oil into a natural environment, found 
it "capable of significantly accelerating 
the natural rate of diesel oil degradation 
in near-environmental conditions." 

Not only does the system degrade the 
spill , but it prevents oil migration and 
the formation of tar balls. Without it, wave 
action can whip up the spill , separating 
the lighter molecules in the oil from the 
very dense ones. "These denser mole
cules comprise the material that wash
es up on the beach, the most lethal part 
of the spill that chokes out oxygen and 
kills indigenous wildlife," Resnick said. 
"Our material eats it like popcorn." 

Since the NETAC study, Petrol Rem 
has signed a number of commercial con-
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tracts with major utilities, including Mary
land Power & light, and several oil com
panies in South America and else
where. A recent mUlti-year, billion-dollar 
contract with Mexico will supply each of 
the country's 22 on-land oil refineries 
with up to 1.5 tons of PRP per week. "We 
used it on a lake in Cuernavaca that was 
completely covered with oil ," reported 
Resnick. "After application with two 
large sprayers, the lake was clean in 
three days." 

PRP is the only biological product 
permitted for use in the Chesapeake 
Bay. Stored at room temperature in 
1 ~O-pound drums, the material retains 
100% efficiency for over three years, 
according to Resnick. 

"When I look back at the develop
ment," he said, "alii really did was take 
what was already out there, reshape it 
to do what we, the human race, want it to 
do for a little while and then, when it's 
done, disappear back into the envi
ronment. " 

For more information about the technology 
described in this article, write in number 760. 

S
andra Rossi had no reason 

. 11 to feel endangered as she 
prepared to bathe in a cool 

l - African river on a humid day 
IIIIIIII.. in March 1993. The St . 
Charles, Missouri native had been work
ing as an instructor to the children of 
American naturalists in central Zaire. 
With no running water available in their 
remote jungle camp, everyone bathed 
in the nearby Epulu river, used for dec
ades in the belief that the river was too 
shallow and the currents too swift for 
dangerous creatures to reside there. 

Rossi was accompanied to the river 
bank by two children and Ken Cochrane, 
a research assistant. Cochrane and the 
children had returned to shore after 
washing. Suddenly, Rossi, alone in the 
water as she rinsed her hair, was at
tacked from behind by an enormous 
Nile crocodile, a man-eating species 
previously unknown in the region. 

The reptile grabbed Rossi by the left 
arm below the elbow and pulled her 
beneath the water. Rushing to her aid, 
Cochrane tried to free Rossi from the 
crocodile's jaws, but the creature re
peatedly dragged her under. After sev
eral minutes of fighting they were able 

Sandra Rossi, 
who lost her 
lower left arm 
in a crocodile 
attack, demon
strates NASA
created pros
thetic devices 
for a variety 
of activities. 
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to break free and head for shore, but 
not before the crocodile had torn off 
most of Rossi 's lower arm. 

She was taken to a village clinic, 
where a doctor amputated what re
mained of her lower arm, and then flown 
to a Kenya hospital to recuperate. From 
there, she phoned her father, George 
Rossi, to relay news of the incident and 
inform him that she was coming home. 
Mr. Rossi tumed to NASA Tech Briefs, 
thumbing through his March 1993 issue 
hoping to see something that might 
help his daughter. He found a brief 
describing the Marshall Space Flight 
Center's work with prosthetic devices 
for below-the-elbow amputees. 

Marshall had started an amputee 
assistance program in 1988 after Jim 
Carden, a former Marshall engineer, lost 
his left hand in a lumber mill accident. 
Carden found that common prosthetic 
devices were expensive and limited 
many of his favorite activities, such as 
woodworking, fishing, and gardening. 

Carden sought help from his friends 
at NASA and soon a team of engineers 
set out to develop a general-purpose 
prosthesis that would permit below-the
elbow amputees to perform a wide 
range of activities. They created several 
attachments to help Carden, such as a 
fishing reel crank, a nail holder, a carv
ing knife, and an attachment for lifting 
loads of up to 100 Ibs. 

A Marshall-led biomedical applica
tions team now helps amputees from all 
over the US by designing custom-made 
prostheses to aid their daily work and 
leisure activities. All materials used to 
fabricate the Marshall arm attach
ments-mostly stainless aluminum and 
high-strength aluminum alloys-are 
scrap or have reached the end of their 
shelf life, making the cost to amputees 
minimal. 

Following numerous surgeries and 
months of recovery, Sandra Rossi made 
her first visit to Marshall in September 
1993. She met the members of the bio
medical team as well as three other 
amputees in the program, who shared 
their experiences and demonstrated 
their own NASA-created prostheses. 

The biomedical team set out to 
make devices to suit Rossi's specific 
needs. "They showed me some of the 
different devices they had, and I told 
them which ones I thought would be 
most useful to me," she said. After 
being fitted with an arm socket by a 
local prosthetist, Rossi was able to try 
on an array of custom-made devices 
such as a grasping clamp, a spatula, a 
bowl gripper, and a fork attachment. 
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According to Rossi , the devices help 
greatly in her daily activities, especially 
cooking and cleaning . Although the 
clamp is geared to hold a broom han
dle, Rossi has found other uses for it. 
"It's great for peeling carrots. I use it for 
all kinds of things," she explained. 

The quick-release feature of the 
attachments allows her to switch back 
and forth between devices-a feature 
not possible with a conventional hook 
prosthesis. "I can put it on for half an 
hour and do something and then take it 
back off when I'm done," she said. 

Rossi is planning a return visit to 
Marshall to update the biomedical team 
on her progress and acquire new pros
thetic attachments to enhance her 
leisure activities. "I like photography, so 
they're trying to make a tripod attach
ment that I could screw a camera 
onto," she said , adding that she also 
would like to try the fishing rod attach
ment used by Carden . Marshall ' s 
amputee assistance program currently 
is seeking a manufacturer to produce 
commercial versions of the prostheses. 

For more information on the technology 
described in this article, write in number 761. 

J
ust as an aquarium can offer 
glimpses into ocean ecology, 
it can serve as an inspiration 

t and proving ground for future 
sea-faring technologies. 

A pH sensor developed by Ocean 
Optics Inc., Dunedin, FL, began its jour
ney from fishbowl to ocean in 1986. 
Mike Morris, one of the company 's 
founders, was working at the Southern 
Technology Application Center, a NASA
sponsored industry assistance center at 
the University of South Florida in Tampa. 

"As part of my responsibilities, I al
ways read NASA Tech Briefs from cover 
to cover as well as searched past issues 
for things to meet our clients' needs," 
Morris said. One day, he came across a 
brief describing a technique for measur
ing alcohol vapors, such as those found 
on a person's breath, that included a 
means to immobilize color reagents 
onto a solid substrate. "It gave me an 
idea of how to immobilize reagents to 
measure pH in water samples," he re
called. "I developed an immobilized indi
cator dye-the same one used in swim
ming pools in drop for~xcept in this 
case it was bound to a solid substrate, 
so it could change color without dis
solving away." 

In 1988, Morris' new company, pHish 

Doctor Inc., introduced its first commer
cial product, a sensor to continuously 
monitor pH in home aquariums. As pH 
rises, the ammonia excreted by the fish 
becomes highly toxiC, whereas a drop 
in pH inhibits the bacteria that normally 
break down waste products. Either con
dition can endanger the tank's aquatic 
community. 

The company quickly realized the 
technology had potential to serve a 
much broader community. "We wrote 
an SBIR (Small Business Innovation Re
search) grant proposal to the Depart
ment of Energy to develop a fiber-optic 
pH sensor for ocean use," said Morris. 
Oceanic pH levels, which change in re
sponse to absorption of CO2, can serve 
as an indicator of global warming. In
stalled on unmanned buoys, the sen
sors could collect continuous data for 
long periods. 

In 1989, with several partners, Morris 
formed Ocean Optics to focus on the 
SBIR proposal. The research team soon 
discovered that the small spectrometer 
they needed to precisely measure color 
shifts in the indicator dye, and thereby 
make the instrument highly accurate, 
was not available in existing technolo
gy. "So we ended up inventing our own 
-the world's first miniature spectrome
ter," said Morris. "It was a real break
through, ten times less expensive and a 
thousand times smaller than anything 
else on the market." 

A pH sensor based on NASA tech
nology, originally designed for home 
aquarium use, is finding application 
in diverse marine environments. 
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The company found that the market 
for the spectrometer extended well 
beyond those working with fiber-optic 
sensors. To date, it has sold approxi
mately 900 units for such diverse uses 
as ocean-faring submersibles, atmos
pheric studies, noninvasive detection of 
skin cancer from reflection spectra, 
chemical processing, and color quality 
control in manufacturing. Annual sales 
of the spectrometers, now available as 
a PC plug-in card, are expected to 
reach $3 million in 1994. 

Meanwhile, Ocean Optics continues 
its work on the seawater pH sensor and 
has developed immobilized dyes to 
indicate various pH ranges, toxic met
als, and redox potential. A sensor cur
rently under development employs both 
the spectrometer and the dye technolo
gy to monitor the pH of well water in a 
nuclear reactor. 

The pH sensor also will serve 
onboard unmanned underwater vehi
cles (UUVs) currently under develop
ment by the Navy for coastal oceanog
raphy. "All of the things that happen in 
the coastal areas happen on a very 
short time scale," said Morris. "Say your 
satellite detects a big plume coming out 
of the Chesapeake Bay and you want 
to know what it is. Well, a $100,000-
per-day ship may not get there in time 
or may plow right through it. But you 
could launch one of these little program
mable submarines to race out there and 
gather data, even in rough weather." 

Sensors mounted on the UUVs, and 
based on the same immobilized dye 
technology used in pHish Doctor, will 
help enable quick responses to poten
tially devastating events such as petro
leum spills or algae blooms. 

For more information about the technology 
discussed in this article, write in number 762. 
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Ocean Optics' 
line of miniature 
spectrometers 
includes the 
PC1000, the 
industry's first 
PC plug-in model. 

I
n early 1992, Bob Botos of Love
land, CO faced a life-threatening 
dilemma. Botos suffered from 
heavy blockage in his right cor
onary artery and had endured 

two heart attacks. 
He needed medical treatment to 

clean out his artery, but was left with no 
apparent options after his cardiologist 
had ruled out a coronary bypass and 
determined that balloon angioplasty
the most pop
ular bypass 
alternative
would be inef
fective against 
such a thick 
blockage. 

Then Botos 
noticed an ar
ticle in the 
March 1992 
issue of NASA 
Tech Briefs 
detailing a new 
excimer laser 
technology to 
treat athero-

buildup of arterial plaque that often caus
es heart disease. "It was the answer to 
a prayer," he said. 

The article described the DymerTM 
200+ excimer laser system developed 
by Advanced Interventional Systems 
(AIS), Irvine, CA. Based on remote 
sensing and magnetic switching tech
nology developed at NASA's Jet Pro
pulsion Laboratory, the system uses 
ultraviolet light energy to vaporize fat 
buildup in coronary arteries without 
damaging the arterial walls. 

Designed to combat extensive lesions 
of 20 mm or longer, the Dymer 200+ 
generates a uniform laser beam that 
pulses at a rate as little as 200 billionths 
of a second and is navigated with a flexi
ble catheter. The laser operates at 65 °C, 
a temperature safe for human tissue. 

After reading the article, Botos im
mediately called AIS and learned that a 
Dymer 200+ unit would be installed at 
St. Anthony's Central Hospital in Denver 
that summer. Botos then phoned a Den
ver cardiologist and arranged the sur
gery for himself, becoming the seventh 
patient to undergo laser angioplasty at 
St. Anthony's on June 3, 1992. 

During the surgery, the doctor dis
covered that Botos had six to eight 

Bob Botos tells an audience at the Technology 2002 Conference how an 
innovative medical technology he discovered in NASA Tech Briefs changed 
his life. Botos underwent laser angioplasty using the Dymer™ 200+ (inset) 
created by Advanced Interventional Systems Inc., which recently merged 
with The Spectranetics Corp., Colorado Springs, CO. 
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centimeters of arterial plaque buildup, 
which the laser angioplasty completely 
dissipated. With balloon angioplasty, 
plaque is compressed against artery 
walls and patients must routinely have 
the procedure redone to open arteries 
that have clogged again. After complet
ing a short cardiac rehabilitation pro
gram, the only medical attention that 
Botos has needed is a routine annual 
checkup. 

"I felt a change almost overnight," 
Botos stated. "I didn't get short of breath, 
and had much more endurance for all 
types of physical activity." 

Botos, a Hewlett-Packard program 
manager who resides two miles from 
his office, is now able to walk to work 
as well as engage in bicycling and aero
bics. "Thanks to the article in NASA 
Tech Briefs ," he said , "I am living a 
fuller, more productive, and much more 
pleasant life." 

For more information on the technology 
described in this article, write in number 763. 

S
arah Ann Moody never 

_ 11 intended to start a founda
tion. She only wanted to help 

l - her nine-year-old nephew 
"- Stevie lead a normal life. But 
as soon as word got out about how a 
NASA-derived cool suit had brought 
relief to Stevie, victim of a rare skin dis
ease called hypohydrotic ectodermal 
dysplasia (HED), Moody's phone began 
ringing off the hook. 

Like all of the nation's 400-1000 HED 
sufferers, Stevie was born without the 
sweat glands needed to eliminate ex
cess body heat. As a result, any physi
cal exertion or exposure to warm tem
peratures could induce heat stroke. Dur
ing a 1976 visit with his aunt, Stevie 
became overheated in a non-air condi
tioned car and had to be doused with 
cold water from a nearby lawn hose. 

The close call prompted Moody to 
seek help from NASA's Langley Re
search Center. Langley's Technology 
Utilization Office put Moody in touch 
with Life Support Systems Inc. (LSSI), 
Mountain View, CA, a manufacturer of 
personal cooling gear based on tech
nology developed for the Apollo astro
nauts. With the help of local Po Folks 
restaurants , Moody raised enough 
money to purchase a custom cool suit 
for Stevie. 

A scaled-down model of the LSSI 
cool suits typically worn by military 
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Stevie Roper, who suffers from a rare skin disorder, lives a more active live 
with the use of a NASA-derived cool suit. 

pilots, industrial firefighters, and race 
car drivers, Stevie's suit consists of a 
helmet liner and vest that f it comfort
ably beneath his clothes. An antifreeze 
solution cooled by a portable, battery
powered refrigeration unit is pumped 
through tubes to the garments, which 
are made of FlexithermTM, a tempera
ture-sensitive fabric . The system can 
eliminate 40-60 percent of the boy's 
stored body heat while lowering his 
heart rate by 50-80 beats per minute. 

"The suit turned his life completely 
around," said Moody. "And I began to 
get calls from people who had children 
with similar problems." A documentary 
film of Stevie 's story was shown on 
approximately 800 TV stations world
wide, alerting people as for away as In
dia, New Zealand, Kuwait, and Argen
tina. In 1987, with the continued sup
port of Po Folks Restaurant Corpora
tion, Moody established the HED Foun
dation to help purchase cool suits for the 
children on her swelling list of applicants. 

When an article on Stevie was pub
lished in NASA Tech Briefs in 1988, "we 
started to get even more calls," report
ed Moody, who appeared on Good 
Morning America in the same year and 
in a Spinoff 1989 article. "We had not 
just the childrens' parents calling, but 

doctors and scientists who , as the 
result of reading NASA Tech Briefs or 
Spinoff, wanted to know the ins and outs 
of how the suit worked and whether it 
would benefit a certain child. It led from 
HED to treatment of all sorts of condi
tions-lamellar ichthyosis, cerebral pal
sy, spina bifida, quadriplegia, chromo
some syndromes, and severe burns." 

To date, the foundation has placed 
more than 200 suits with children world
wide. "For most of the children , the 
cooling gives them a quality of life they 
didn't have," said Moody. "Before, they 
were confined to air-conditioned homes, 
cars, malls ... no picnics, no amuse
ment parks. And when you confine the 
child, the whole family is confined." 

Elected in 1993 to the Space Tech
nology Hall of Fame, the cool suit con
tinues to prompt new medical applica
tions. It has been found to offer symp
tomatic relief to people suffering from 
multiple sclerosis (MS), a chronic, pro
gressively disabling disease of the cen
tral nervous system afflicting approxi
mately 300,000 people in the US. Wear
ing the suit can alleviate such MS symp
toms as fatigue, loss of balance, slurred 
speech , impaired vision , and loss of 
coord ination . It also can enhance 
endurance during exercise and physi-
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NASA recently signed an agreement with the Multiple Sclerosis Association 
of America (MSAA) to further investigate how NASA technology can aid MS 
patients. At the signing ceremony, held at the National Rehabilitation 
Hospital (NRH) in Washington, DC, the Technology Utilization Foundation 
(TUF) donated $10,000 to place cool suits in the homes of MS patients. 
(Back-L to R) Daniel Goldin, NASA Administrator; Edward Eckenhoff, NRH 
President; Dr. Richard Materson, NRH Vice President; Bill Schnirring, TUF 
President; (Front-L to R) John Hodson, MSAA President; Madlyn Rhue, 
actress and MS patient. 

cal therapy. 
The Multiple Sclerosis Association of 

America, like Moody's HED Foundation, 
is developing programs to get the cool 
suits to patients who need them. 

For more information on the technology 
described in this article, write in number 764. 

l
aCrosse, Wisconsin is home 
to Norplex Oak Inc., one of 
the leading manufacturers of 

.. laminates for printed circu it 
• boards. A laminate is com

prised of sheets of prepreg placed be
tween copper foil. Prepreg is created 
by impregnating a continuous glass 
cloth, or web, with epoxy resin and par
tially curing it by applying heat. 

Norplex Oak 
used data pro
cessing tech
nology de ve/
oped by NASA 
for simulation 
of infrared 
heat loads on 
spacecraft to 
more efficient
Iyproduce 
prepreg for 
printed circuit 
boards. 
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To lower the cost of producing pre
preg and to reduce emissions, Norplex 
Oak decided to switch to infrared treat
ing towers for curing instead of using 
hot air systems. This required develop
ing infrared treaters and designing a 
tower with optimal heat transfer charac
teristics for prepreg. For help, the com
pany tumed to NASA. 

Bruce Kline, a Norplex Oak engineer, 
read in NASA Tech Briefs about a tech
nique developed at Jet Propulsion 
Laboratory for processing data cap
tured by an infrared radiometer and 
converting it into a map of thermal irra
diance over a large area. This technique 
was a product of JPL's work on mathe
matical simulation of solar and plane
tary infrared heat loads on spacecraft. 
Kline obtained a Technical Support 
Package and compared NASA's re-

search results with his own. 
"We found that their work was nearly 

identical to ours and validated our find
ings," said Kline. The NASA data not 
only confirmed the company's comput
er model prediction of the heat flux pat
tern, but also enabled it to enhance 
consistency of the curing process by 
modifying its infrared treaters. Further, it 
provided a theoretical basis for devel
opment of optimal heater placements, 
allowing the treater tower to produce an 
even infrared heat transfer to the web. 

Several of the new infrared treaters are 
used now in production, successfully op
erating at higher speeds with improved 
product consistency. 

For more information about the technology 
described in this article, write in number 765. 

n 1990, the DUbUqjl, ~owa Utili
ty Department installed a new 
computer system for the process 
control of water treatment. Al
most immediately after the sys

tem became operational, they ran into a 
major problem-the system began to 
experience "common brownout ground
ing problems." Signal losses were oc
curring because the analog inputs into 
the computer were not compatible or 
significantly out of tolerance with the 
way the system was grounded, which 
made the inputs vulnerable to interfer
ence from machinery and storms. 

"There was only enough voltage for 
us to put burnout chips on the analog 
signals," reported Bob Ervolino, an elec
tronics technician with the Utility Depart
ment's Water Division. "We were order
ing these quite often, at 25 dollars per 
chip." 

Ervolino's group traced the problem 
to a deficiency of signal isolators on the 
analog input cards. Most of the trouble 
originated in the main plant pump 
room; the pumps have thermocouples 
mounted on the bearings and their sig
nals are not isolated from the computer 
inputs. 

They first looked at off-the-shelf 
commercial items, which were quite 
expensive at the time, priced in the 
range of $250 per point. "We had 50 to 
75 different analog points that were 
affected," he recalled. Budget con
straints dictated that the solution be 
more cost-effective. 

One day, while reading NASA Tech 
Briefs, Ervolino found the answer. An 
article from the Ames Research Center 
described "Output Isolation and Pro-
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For More Infonnation Write In No. 451 

Low-cost signal isolators described 
in NASA Tech Briefs were applied 
by the Utility Department of Du
buque, Iowa to solve a computing 
problem. 

tection Circuits" as a solution to a prob
lem similar to the Water Division 's. ''The 
[tech briefj gave us a background in the 
device; how to use it and how to imple
ment the circuits ourselves, " he said . 
Ervolino obtained a Technical Support 
Package and contacted the vendor 
supplying the circuit described in the 
report, Analog Devices of Norwood, MA. 

"They had two different devices that 
would work well for our applications. 
We ended up purchasing one of each
and found the right one for our use. We 
built most of our equipment on site and 
everything worked great. 

"We saved the Water Division more 
than 50 percent of the cost of a com
mercial solution to the problem," he 
added, "and were equipped to make 
the repairs in-house if problems ever 
arose again." 

For more information about the technology 
described in this article, write in number 766. 

'

simple idea in a NASA 

i Tech Briefs article helped 
the American Red Cross 
(ARC) solve a serious 
security problem. In 1990, 

the ARC facility in Redford, MI installed 
a large Vulcan Freezer to house plasma 
samples for a retrovirus epidemiology 
study. This repository contained in ex
cess of a million plasma samples-all 
irreplaceable. 

After working the technical bugs out 
of the box and getting it to operate 

within the desired temperature range, 
ARC personnel found they had another, 
larger problem: Individuals in the build
ing were tampering with the liquid line 
control valves that operated the main 
and backup systems supplying the 
refrigerant to cool the unit. If they didn't 
act quickly, the samples could be lost. 

"We had to figure out a way to pre
vent someone from turning off the 
valves," explained Thomas Wrona, an 
ARC representative. "This had to be 
done so that either you would need a 
key to close them or it would be so dif
ficult to do by hand that it would require 
a tool. I realized we'd have to engineer 
a system that could lock these valves 
on and, at the same time, allow them to 
be shut off in case of an emergency." 

Wrona, a long-time NASA Tech 
Briefs subscriber, found an article in the 
magazine illustrating a way to use steel 
banding to strap on pallets while secur
ing valves either in one position or 
another. Using common hand tools and 
some excess banding he obtained from 
the facility ' s loading dock, Wrona 
devised-in a few hours-a system 
similar to that outlined in the brief. 

"I was able to prevent the valves 
from being moved," said Wrona, "and it 
cost us next to nothing. Since then , 
we've never had any problem with any
one turning the valves." 

For more information about the technology 
described in this article, write in number 767. 

7 ou may remember seeing 
the Flogiston Chair sus
pended from the ceiling of 
the doctor's basement in 
the movie "The Lawn-

mower Man." Brian Park-engineer and 
principal of the Flogiston Corporation, 
Austin, TX-designed the chair in the 
1980s with help from NASA. 

"I was browsing through NASA Tech 
Briefs looking for information about some 
of the publications that NASA offered," 
said Park. "I ran across a book called 
Anthropomorphic For Engineers that con
tained three volumes of data about the 
human body size, shape, and motion 
characteristics. I wrote away for a copy." 

He used the data over the next year 
in creating the first chair to assist with 
mind/body relaxation. NASA put him in 
touch with John Jackson, a researcher 
at the Johnson Space Center in Hous
ton, who invited him to the center to re
view biographs about neutral body pos
ture that were drawn from a video taken 
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aboard Skylab. "When I looked at the 
neutral posture, I realized immediately 
that that was the posture of the chair I was 
trying to design," he said. "I built a wood-

The NASA-inspir
ed Flogiston Chair 
-which mimics 
the natural posi
t ion a bodyas
sumes in weight
less space-
is used for relax
ation, microgravi
ty training, and 
virtual reality 
applications. 

en prototype, then sat on it for several 
years trying to figure out what it was for." 

Eventually he realized that the pos
ture was suitable not just for meditation 

and relaxation, but for what he calls 
"real space" or-more important-as an 
interface with cyberspace. "Basically, 
this is the optimum posture of relaxa
tion the body wants to have if you re
move all extemal forces," explained Park 

In 1989, Park bought a company in 
Austin and began to build the chairs en 
masse. "I was ahead of my time," he 
said, "so I had to wait for the rest of the 
planet to catch up with me." 

Then, last year, he was awarded a 
Small Business Innovation Research 
(SBIR) grant to further develop his novel 
chair. The work involved mounting the 
Flogiston Chair on a motion platform to 
be used for training astronauts in virtual 
environments. Park's "Personal Motion 
Platform (PMP)" was delivered in July to 
the Johnson Space Center's Virtual 
Environment Technology Laboratory, 
where it will be used in extravehicular 
activity simulations and other training 
scenarios. 

At the recent SIGGRAPH computer 
graphics conference in Orlando, Park 
used a duplicate of the PMP to demon
strate the concept of "Waving," which 
he described as " letting go of your 
awareness of real space and connect
ing your mind directly with cyberspace." 
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Attendees were immersed in an envi
ronment combining computer graphics, 
vision, sound, music, motion, and sub
sonic vibration. 

"This system is our first attempt to 
fully immerse the sensorium in cyber
space," explained Park. "I think it's how 
we' ll live in cyberspace for years to 
come-we will have rooms where peo
ple go flying together." 

For more information about the technology 
described in this article, write in number 768. 

'1' 
race Laboratories of Chi
cago, IL, provides testing 
services to the electronics 
industry. Recently , there 
was a major push within the 

industry to rid itself of ozone-depleting 
chemicals (ODCs) such as freon and 
similar types of solvents used to re
move flux residue from electronic parts 
after they are processed. 

Environmental concerns spurred the 
industry to develop substitute cleaners, 
substitute fluxes-all sorts of substi
tutes-none of which had been tested. 

"Electronics manufacturers who use 
us as a test lab were asking, 'We just 
changed our process-we no longer 
use ODCs-what kind of test can you 
run to verify that our new process is 

Trace Labora
tories helps 
companies 
switch to en
vironmentally 
friendly sol
vents by test
ing their ef
fectiveness 
in electron
ics parts 
processing. 

going to be sound and reliable? '" 
recalled Jeffry Schutt, general manager 
for Trace Laboratories. While reading 
NASA Tech Briefs, Schutt came across 
two articles discussing surface installa
tion resistance, a technique that can be 
used to measure the degree of contam
ination on a surface. "That's exactly 
what we offered our customers who 
were seeking to change their process
es," he said. "We were able to improve 
our testing techniques and provide a 
better service to our customers-so 
that they could then make an informed 
decision about the new processes with 
which they were experimenting." 

"NASA Tech Briefs showed how it 
was being done at the component level 
on dyes," said Schutt. "We just extrapo
lated that concept to do it at the board 
level on surfaces such as laminates and 
conformal coatings, and solder massing." 

Today, the laboratory still performs 
surface installation resistance testing 
when a manufacturer switches to a new 
type of flux. "We'll let the manufacturer 
know that there appears to be no long
term deleterious effects," explained 
Schutt. "Or we may advise them that 
we ran the test for one day-the parts 
failed-and they should reconsider the 
change." 

For more information about the technology 
described in this article, write in number 769. 

We'd like to hear your story: 
If you have successfully applied technol
ogy described in NASA Tech Briefs, 
please use the Reader Feedback Card 
(page 134) to tell us how. 
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New Product Ideas 
New Product Ideas are just a 
few of the many innovations 
described in this issue of NASA 
Tech Briefs and having 
promising commercial 
applications. Each is discussed 
further on the referenced page 
in the appropriate section in 

this issue. If you are 
interested in developing a 
product from these or other 
NASA innovations, you can 
receive further technical 
information by requesting 
the TSP referenced at the end 
of the full-length article or by 

writing the Technology 
Utilization Office of the 
sponsoring NASA center 
(see page 20). NASA's patent
licensing program to 
encourage commercial 
development is described 
on page 20. 

Flexible Wedge Seal effective seal with less force on the ball 
than if a hard valve seat were used. Less 
torque would be needed to close the 
valve, and a small actuator could be used. 
(See page 115.) 

Dashpot Damps 
Oscillations in Check Valve 
A dash pot and a dashpot ring eliminate 
the self-sustaining oscillations that cause 
premature wear and jamming of the 
poppet mechanism. 

for Ball Valve ' 
The wedge would flex around the ball at 
the locus of contact, thereby creating an 
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(See page 113.) 

Thermotile Refrigerators 
A proposed modular cooling device 
would include thermally conductive 
heat-transfer surfaces, a thermoelectric 
cooling device, a temperature sensor, 
and logic and control circuits. Thermo
tiles would eliminate conventional mech
anical refrigeration machinery and its 
associated lubricants and chlorofluoro
carbons. 
(See page 82.) 

Bioconvective Patterns 
Indicate Concentrations of 
Cadmium 
This sensitive method can be used to 
detect aqueous cadmium and other 
heavy-metal pollutants in water. 
(See page 128.) 

All-Metal Tires 
Originally conceived for use on a rover 
vehicle on Mars, these tires can be used 
on vehicles and robots that fight fires or 
clean up dangerous chemicals on Earth. 
(See page 116.) 

Simplified Digital Subband 
Coders and Decoders 
In comparison with earlier units, these 
coders and decoders offer the advan
tage of simplicity and speed. 
(See page 76.) 

Hand-Controlled Brazing
Paste Dispenser 
A switch added to a hand-held brazing
alloy-paste dispenser yields improved, 
more consistent brazing-alloy beads. 
The dispenser has been used to apply 
the paste between adjacent tubes in a 
heat exchanger. 
(See page 124.) 
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Special Focus: 
Sensors 

Ultra-High-Frequency Capacitive Displacement Sensor 
Resolution is finer than 10-14 m/Hz 1/2, and frequency response is flat up to 20 MHz. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A prototype of an improved class of 
compact, high-resolution capacitive dis
placement sensors operates at an exci
tation frequency of 915 MHz and mea
sures only about 7.5 by 4 by 2 cm. A 
capacitive displacement sensor typically 
includes two closely and variably spaced 
metallic electrodes that constitute a 
capacitor (see figure). plus an electronic 
circuit that measures the variation in 
capacitance caused by the variation in 
distance between the electrodes. The 
capacitance can be measured, for 
example, by exciting the capacitor with 
an altemating voltage and measuring the 
displacement current flowing in the 
capacitor. (Note that as used here, "dis
placement current" denotes the alternat
ing current that is proportional to the 
capacitance, and should not be con
fused with "displacement," which here 
means the change in distance between 
the electrodes.) Heretofore, capacitive 
displacement sensors have operated at 
excitation frequencies of 5 MHz and 
less, with concomitant limitations on the 
frequencies of measurable displace
ments. 

In the case of a capacitive position 
sensor based on a simple displacement
current measurement, an increase in the 
excitation frequency offers the advantage 
of increased bandwidth (that is, 
increased frequency range of measur
able displacements) because the band
width is typically some significant fraction 
of the excitation frequency. Another 
advantage is related to the fact that 

increasing the excitation frequency 
increases the displacement current in the 
capacitor at a given excitation voltage: 
the shot-noise-limited signal-to-noise 
ratio associated with the measurement of 
the displacement current is proportional 
to the square root of the excitation fre
quency, so that increasing the excitation 
frequency also increases the resolution 
of the capacitance measurement. 

The prototype sensor contains a com
mercially available 915-MHz oscillator 
and a transmission-line resonator. The 
resonator, in turn, contains a stripline 
inductor in addition to a variable capaci
tor. Although the principle of operation 
and the signal-to-noise ratio of this sen
sor are somewhat different from those of 
a sensor based on a simple displace
ment-current measurement, the ultrahigh 
excitation frequency still offers the 
advantages of resolution and frequency 
response better than those of older sen
sors. The prototype sensor exhibits a 

Proof 
Mass 

--r 
Interelectrode 

Gap 

__ L 

A Capacitive Dis
placement Sensor 
can be an integral 
part of a small 
accelerometer or 
seismometer, wherein 
it is used to measure 
the displacement of a 
proof mass. 

resolution finer than 10-14 m/Hz 1/2, a flat 
frequency response for interelectrode
gap-variation frequencies from dc to 20 
MHz, and a dynamic range of 109. It is 
also not deleteriously affected by 
mechanical overdriving, not even by con
tact between the electrodes. 

This work was done by Thomas R. 
VanZandt, Thomas W. Kenny, and 
William J. Kaiser of Caltech for NASA's 
Jet Propulsion Laboratory. For further 
information, write in 27 on the TSP 
Request Card. 

In accordance with Public Law 96-
517, the contractor has elected to retain 
title to this invention. Inquiries conceming 
rights for its commercial use should be 
addressed to: William T. Callaghan, 
Manager; Technology Commercial
ization; JPL -301-350; 4800 Oak Grove 
Drive; Pasadena, CA 91109. 

Refer to NPO-18675, volume and 
number of this NASA Tech Briefs issue, 
and the page number. 

, Active Targets for Capacitive Proximity Sensors 
Signals from the targets can be used for alignment. 
Goddard Space Flight Center; Greenbelt, Maryland 

Ughtweight, low-power active targets 
have been devised for use with the im
proved capacitive proximity sensors de
scribed in "Capacitive Proximity Sensor 
Has Longer Range" (GSC-13377), 
NASA Tech Briefs, Vol. 16 , NO.8 
(September 1992), page 22, and "Capa
citive Proximity Sensors With Additional 
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Driven Shields" (GSC-13475), NASA 
Tech Briefs, Vol. 17, No. 11 (November 
1993), page 40. The active targets are 
short-distance electrostatic beacons; 
they generate known alternating electro
static fields that can be used for align
ment and/or to measure distances. 

The improved capacitive sensors -

called "capaciflector" sensors - include 
senSing electrodes and driven shields. 
The frequency of an oscillator in a capa
ciflector varies with the capacitive cou
pling between the sensing electrode and 
an external object; the frequency thus 
serves as a coarse indication of the dis
tance to the object. The driven shield(s) 

NASA Tech Briefs, September 1994 



Low-cost piezo-film accelerometers make 
life's ups, downs, and sudden turns manageable. 

Off-the·shelf piezo·film accelerometers: our low'cost, 
high·performance packages are ready to design in, 
and available in volume. 

See us at Booth 431 
Sensors '94, Cleveland 
Sept. 20-22 

The big new in sensors: our lineup of 
low-cost, high-perfol1nance accelerome
ters based on piezoelectric polymer 
technology. The gQQd new for you: a 
big choice of off-the- helf, ready-to-go 
ensors - in full production, with imme

diate availability. 
Take a look at our very affordable 
ingle-axi version for big-volume 

application as divel e a car alarms, 
vibration/shipping-damage sensing, 
even musical instrument pickups. mall 
and lightweight. Buffered, low-imped
ance output. Wide frequency re ponse 
and dynamite dynamic range. 

If life keep adding new twi ts, tum 
to our low-cost multi-axis type . Very 
small, very light, these true "smart sen
ors" are the smart choice for appliance, 

automotive, and security applications, 

For more information, call 610-666-3500 (fax 610-666-3509). AMP, Harrisburg PA 17105-3608. 
In Canada, call 905-470-4425. 

For YON Informlltlon Write In No. 517 

and are akeady in use by the million 
for disk drive shock ensing. Digital and 
analog output. Integrated, programma
ble electronics for filtering, amplification, 
and bigger-level control. 

For needs beyond OEM, take a look 
at ow' in trumentation-grade, low-noise, 
high-output types, with fully integrated 
electronics (no charge amplifier or power 
supply worrie ). Very competitively 
priced. Ideal for demanding applications 
from machine health to modal analysis -
or ju t about any pot you need a top
performance accelerometer. 

We'd like to let you check out all the 
specs for yow'Self, and to help you get a 
handle on at lea t a few oflife's ups and 
downs. Just call. 

AMP is a trademark. 



GSC 13490 
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The Active Target generates an electrostatic field that alternates at a fixed frequency. 

a.Capacitive Sensors and Targets Would 
Measure Alignments 
Layouts of targets and sensors would enable interpretation of 
signals in terms of distances and angles. 

Goddard Space Flight Center, Greenbelt, Maryland 

Multiple capacitive sensors and active 
targets, like those described in the pre
ceding article, would be used to meas
ure the distance between, and the rela
tive orientation of, two objects, accord
ing to a proposal. In a typical applica
tion, one of the objects would be a 
robot, and the other would be a work
piece that the robot must grasp or 
attach to another workpiece. In another 
typical application, the two objects might 
be docking assemblies on two vehicles 
that are to be joined. In these and other 
applications, the sensed target signals 
would be processed and used by con
trol systems to align the objects to be 
joined. 
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The shapes, sizes, and layouts of sen
sors and targets can be optimized for a 
specific application. The figure shows an 
example of two active targets on a flat 
surface of one object and four sensors 
on the facing flat surface of another ob
ject. The two active targets would op
erate at different fixed frequencies so 
that the signal from each target received 
by each sensor could be extracted and 
processed independently. The particular 
layout of targets and sensors would 
enable the determination of the relative 
position and orientation of the two ob
jects in all six degrees of freedom. This 
layout is optimized for a desired align
ment in which (a) target A is centered in 

(which are driven at the same frequency 
and in phase) concentrate(s) the electro
static field from the sensing electrode 
into the exterior space, thereby extend
ing the sensing range. 

An active target is similar to a capaci
flector sensor in some respects. It in
cludes an optional driven shield and a 
transmitting electrode, both driven in 
phase at the same frequency (see fig
ure). The driven shield increases the 
range in the same manner as that of the 
capaciflector sensor. However, unlike in 
the capaciflector sensor, the oscillator 
operates at a fixed frequency. 

When a capaciflector sensor encoun
ters the electrostatic field generated by 
an active target, this field superimposes 
a signal at the target frequency upon the 
variable-frequency oscillator signal in the 
sensing electrode. The strength of the 
target-frequency signal is a measure of 
the distance between the sensor and 
the active target. Thus, the sensed tar
get-frequency signal can be separated 
by a filter and processed separately into 
an indication of the distance. Signals 
from multiple targets detected by multi
ple sensors can be processed simulta
neously to determine orientation as well 
as distance, as explained in more detail 
in the following article. 

This work was done by De/ T. Jen
strom and Robert L. McConnell of 
Goddard Space Flight Center. For 
further information, write in 63 on the 
TSP Request Card. GSC- 73490. 

yaw~.:> 
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Pitch 

Capacitive Sensors arranged in a square on 
the x-y plane of one object would detect the 
relative position and orientation of a plane 
containing targets A and B on another object. 
The objective is to align the two objects so as 
to make the target and sensor planes paral
lel and to center the targets as shown. 

NASA Tech Briefs, Septernber 1994 



ELECTRONIC PRESSURE 
SCANNERS 
The ESP-16BP scanners consist of 8 or 16 silicon 
piezoresistive pressure sensors, one for each port. 
Sensor outputs are intemally multiplexed at 20,000 
Hz through an on-board instrumentation amplifier. 
An integral manifold enables on-line calibration of 
the sensors to characterize them at the condition in 
which they are being used. On-line calibration pro
vides static errors of less than ±0.05% FS. ESP-
16BP scanners are ideal for transient pressures 
and form the basic element for PSI 's S1600HD 
rackmount scanners for steady state pressures. 
Both scanners can be integrated with PSI's System 
8400 to provide a complete high-performance 
pressure acquisition system for gas turbine 
research. PSI, 1-800-687-SCAN. Circle #636 

INTELLIGENT PRESSURE 
SCANNERS 
The 9010 and 9015 scanners are compact, low
cost pressure acquisition modules that integrate 
8 or 16 silicon piezoresistive pressure sensors with 
a 32 bit microprocessor. The on-board micro
processor performs digital temperature compen
sation and linearization of the sensors to output 
data via RS-422/RS-485 using industry standard 
protocols. An integral manifold enables on-line 
rezero of the sensors on demand. Static system 
accuracy Is ±0.08% FS with total temperature 
errors of less than ±0. 001 % FS /oC . Intelligent 
Pressure Scanners are components of a net
worked data acquisition concept called System 
9000. PSI, 1-800-678-SCAN. Circle #637 

FLIGHT PRESSURE SYSTEM 

The S8256 Flight Pressure Measurement System 
is designed for airborne applications requiring up 
to 512 pressures to be measured at rates of 
10,000 channels per second. A 32 bit micro
processor provides digital therrnal compensation 
and linearization of PSI's pressure scanners to 
provide ±0.25% FS accuracy over a wide temper
ature range. Engineering unit data is output via a 
PCM-compatible 16 bit digital interface. The srnall 
size (3.3" x 4.9" x 12.1 ') and the rugged packaging 
of the S8256 rnake it suitable for all types of air
craft. PSI, 1-800-678-SCAN. Circle #638 

PSlhasfhe 
ullilllllle system 10, 

turbine pressure test. 

And we can prove it. 
PSI's 8400/AutoNet pressure measurement system is a complete turnkey 

package that delivers more turbine test capability for the dollar than 
any other system on the market. Here's why: 

• Multi-parameter data acquisition at rates up to 200,000 channels/sec. 
• Multi-tasking 386 or 486 PC-compatible software with real-time graphic 

display, data logging and complex calculation capabilities 
• Fast, simple implementation-usually up and running in less than ~ day 

• System accuracy to ± 0.05% ES. • Channel capacity to 4,096 
• On-line pneumatic system calibration using 

programmable pressure generation 
• Modular design for easy reconfiguration or expansion 
• System integration and testing at PSI before shipment 

• Complete application support 
Let us prove it to you! Call for a complete documentation package on 

PSI's turbine pressure test capabilities. 

......... .,....,,.,,..,....,. 
Pressure systems, Inc. 
34 Research Drive. Hampton. VA 23666 
(800) 678-SCAN (804) 865-1243 FAX: (804) 766-2644 

For More Infonnatlon Write In No. 639 



an x-y plane between all four sensors, 
(b) target B is equidistant from sensors 1 
and 2 and on the +x side, (c) the x-y 
plane that contains the sensors is paral
lel to the plane that contains the targets, 
and (d) the distance between the two 
planes (along the z axis) has a specified 
value. 

Information on the relative position 
and orientation of the two objects could 
be determined as follows: 

• The distance(s) along the z axis 
could be extracted from those compo
nents of the outputs of the sensors 

that pertain to the proximity of the 
sensed surface regarded as a passive 
target. 

• Displacement(s) along the y axis 
could be determined by comparison of 
the target A responses of sensors 1 
and 3 with the target A responses of 
sensors 2 and 4. 

• Displacement(s) along the x axis 
could be determined by comparison of 
the target A responses of sensors 1 
and 2 with those of sensors 3 and 4. 

• Pitch about the y axis could be 
determined by comparison of the pas-

sive-target outputs of sensors 1 and 2 
with those of sensors 3 and 4. 

• Yaw about the x axis could be 
determined by comparison of the pas
sive-target outputs of sensors 1 and 3 
with those of sensors 2 and 4. 

• Roll about the z axis could be 
determined by comparison of the tar
get B response of sensor 1 with that of 
sensor 2. 
This work was done by Del T. Jenstrom 

of Goddard Space Flight Center. For 
further information, write in 62 on the 
TSP Request Card. GSC-13491. 

Sensor Detects Semiconductor Escaping From Ampoule 
Electrical resistance and temperature change upon exposure to semiconductors. 
Marshall Space Flight Center, Alabama 

Figure 1 illustrates an electrochemical 
sensor that detects semiconductor ma
terials escaping from a broken fused-sili
ca ampoule. The ampoule contains such 
materials in a crystal-growth furnace. 
The sensor is small enough to be placed 
inside a metal cartridge that surrounds 
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the ampoule in the furnace. Typically, 
the ampoule is charged with toxic 
semiconductor materials like PbSnTe, 
HgZnTe, and GaAs. This sensor can be 
used to shut down the fumace automati
cally if the ampoule breaks and thereby 
prevent the further release of molten 
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Figure 1 (left). This Sensor Detects the 
Breakage of an ampoule that contains molten 
semiconductor. The chemical reaction be
tween the hot semiconductor material and 
the wire causes a step increase in the elec
trical resistance and temperature of the wire. 

Figure 2 (above). This Step Increase in Tem
perature and Resistance of a prototype sen
sor indicates the presence of hot GaAs. 

semiconductor, which could quickly 
breach the surrounding thin wall [0.010 
to 0.020 in. (0.25 to 0.50 mm) thick] of 
the cartridge, damage the furnace, 
and/or release toxic vapors into the sur
rounding area. 

The sensor capitalizes on the chemi
cal reactions that occur between semi
conductors and metals at the melting 
temperatures of the semiconductors. 
The sensor contains two wires made of 
dissimilar metals with a junction between 
them to form a closed electrical circuit. 
The chemical reactions between the two 
dissimilar metals and the semiconductor 
materials increase the electrical resis
tance of the sensor in a step of the order 
of megohms. The use of two dissimilar 
metals in the sensor also enables it to 
measure temperature via the voltage 
produced by the Seebeck effect. 
Therefore, resistance and voltage mea
surements can be taken alternately at a 
frequency of approximately 1 Hz. 

The sensor was tested with HgCdTe 
and GaAs semiconductor materials. In 
each case, the material was placed in a 
boron nitride crucible, which was placed 
inside a quartz liner in a crystal-growth 
furnace. The sensor was placed through 
a groove in the crucible into the volume 
containing the semiconductor material. 
(This setup simulated the case in which 
the ampoule was already ruptured be
fore processing.) The temperature was 
increased, and the resistance and tem
perature of the sensor were recorded 
until step increases of resistance (see 
Figure 2) indicated that the sensor was 
exposed to the vaporous or molten 
semiconductor material. 

Because of the step increase in resis
tance, the sensor can be regarded as 
operating in a simple on/off mode that 

NASA Tech Briefs, September 1994 



Greater speed at less cost. That's the edge you expec 

from your realtime computer simulations. But too ofte 
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simulation results. 

Not any more. 

ACSL Realtime gives you the breakaway solution: 

• Power for the most intensive applications. 
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• Leadership price/performance, right from the start. 
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can be used to shut down the crystal
growth fumaces automatically. The sen
sor can be incorporated into the car
tridge in various ways; for example, it 
can be affixed to the outer wall of the 
ampoule or to the inner wall of the car-

~Steerable 
Capacitive 
Proximity Sensor 
The position of maximum 
sensitivity can be adjusted 
without moving the sensor. 

Goddard Space Flight Center; 
Greenbelt, Maryland 

Figure 1 illustrates a steerable capaci
tive proximity sensor of the "capaciflector" 
type. It is based partly on the capaciflec
tor sensing units described previously in 
"Capacitive Proximity Sensor Has Longer 
Range" (GSC-13377), NASA Tech Briefs, 
Vol. 16, No. 8 (August 1992), page 22, 
and "Capacitive Proximity Sensors With 
Additional Driven Shields" (GSC-13475), 
NASA Tech Briefs, Vol. 17, No. 11 (No
vember 1993), page 40. The configuration 
of the electric field of each of those older 
units is fixed in such a way that the unit is 
maximally sensitive when the proximate 
object to be sensed is located some
where along a line that extends out from 
the sensor, approximately perpendicular 
to the surface on which the sensor is 
mounted. In this unit, the configuration of 
the electric field can be adjusted in such a 
way as to make the unit maximally sensi
tive along a line that is tilted with respect 
to the perpendicular. 

Uke the older capaciflectors, this one 
includes a senSing electrode and driven 
shields. As explained in more detail in the 
noted prior articles, the sensing electrode 
is part of an oscillator, the frequency of 
which varies with the capacitance 
between this electrode and the ground of 
the oscillator circuit. An object that enters 
the electric field of the sensing electrode 
alters this capacitance. The resulting 
change in frequency is measured and 
taken as an indication of proximity of the 
object. If, for example, the capaciflector is 
mounted on a robot arm, the change in 
frequency could be used as a feedback 
control signal to prevent the robot from 
colliding with the object. 

Also as explained previously in more 
detail, the driven shields concentrate the 
sensing electric field into a narrower space 
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tridge by mechanical mounting or by 
vapor deposition. 

This work was done by Dale A. 
Watring and Martin L. Johnson of 
Marshall Space Flight Center. For fur
ther information, write in 5 on the TSP 

Request Card. Inquiries concerning 
rights for the commercial use of this 
invention should be addressed to the 
Patent Counsel, Marshall Space Flight 
Center [see page 20). Refer to MFS-
28852. 

CROSS SECTION SHOWING ELECTRODES AND ELECTRIC FIELD 
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Figure 1. The Voltage of Each Driven Shield Can Be Adjusted separately to concentrate 
the sensing electric field more toward one side or the other. 
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projecting outward from the sensing elec
trode, thereby extending the range and 
increasing the sensitivity of the unit. The 
driven shields are connected to the sens
ing electrode via high-input-impedance 
voltage amplifiers so that they do not load 
the oscillator circuit and thus do not alter 
its frequency. 

The novel aspect of this unit is that it in
cludes two or more side-by-side driven 
shields, each driven via a separate voltage 
amplifier at an adjustable voltage and 
extending outward from under the sens
ing electrode at one side. The gain of each 
voltage amplifier and thus the voltage on 
each driven shield can be changed by 
adjustment of the variable resistors. The 
configuration of the sensing electric field is 
altered by a change in the voltages on the 
driven shields. For example, increasing 
the voltage on the right shield relative to 
that on the left shield concentrates the 
electric field more on the right side, thus 
tilting the line of maximum sensitivity to 
the right (see Figure 2). 

This work was done by Del T Jenstrom 
of Goddard Space Flight Center and 
Robert L. McConnell of the University of 
West Virginia. For further information, 
write in 104 on the TSP Request Card. 
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Figure 2. These Measurements Taken on a 
Prototype of the steerable capacitive sen
sor confirm that significant steering of the 
sensing electric field is achieved. 

This invention is owned by NASA, and 
a patent application has been filed. 
Inquiries conceming nonexclusive or ex
clusive license for its commercial devel
opment should be addressed to the 
Patent Counsel, Goddard Space Flight 
Center [see page 20}. Refer to GSC-
13489. 

Q)Cryogenic Multichannel Pressure 
Sensor With Electronic Scanning 
Measurements are automatically corrected for temperature 
from 77 to 373 K. 

Langley Research Center, Hampton, Virginia 

An array of pressure sensors operates 
reliably and repeatably over a wide tem
perature range, extending from the nor
mal boiling point of water (373 K) down to 
the boiling point of nitrogen (77 K). The 
sensors are accurate and repeat to within 
0.1 percent, so they can operate for 12 
months without need for recalibration. 
The array is scanned electronically, the 
sensor readings are multiplexed and sent 
to a desktop computer for processing 
and storage. The array is used to mea
sure distributions of pressure in research 

on boundary layers at high Reynolds 
numbers, which are achieved by use of 
low temperatures. 

The array consists of silicon sensors on 
a substrate of low-thermal-expansion 
glass. Each sensor is made from a silicon 
chip that measures 0.1 by 0.1 in. (2.54 by 
2.54 mm). Each chip has been micro
machined to form a very thin silicon 
diaphragm, and four piezoresistive ele
ments have been deposited on the 
diaphragm in a Wheatstone-bridge con
figuration. 

Coming in the NOVEMBER Issue 
of NASA Tech Briefs: 

Special Focus On 

Test & Measurement 
Advertising Close: October 1 

For advertising information 
call .Joe Pramberger at (212) 490·3999 
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Each chip is positioned over a hole in 
the substrate. The external pressure thus 
exerts itself on the diaphragm, distorting 
the elements of the Wheatstone bridge 
and altering the output of the bridge pro
portionally. The output of the bridge is 
sampled periodically by a multiplexer and 
sent to an instrumentation amplifier, both 
of which are mounted on a printed-circuit 
card in the same package that contains 
the arrays of sensors. The output of the 
instrumentation amplifier is fed to the 
computer. 

On the periphery of each sensor chip is 
a resistor that responds to temperature of 
the individual sensor, but not to strain . 
This resistor provides a reading of the 
temperature of the chip so that thermally 
induced offset drift and sensitivity varia
tions in the output of the sensor can be 
corrected individually for each chip. Like 
the bridge, the temperature sensor is con
nected to the multiplexer. The external 
computer controls the multiplexer so that 
it scans the pressure and temperature 
sensors on all chips. 

The chips are mounted on the glass 
substrate by electrostatic bonding. The 
substrate is prepared by sputtering a layer 
of tungsten and titanium followed by a 
layer of gold, then patterned by standard 
photolithography. A 0.025-in. (O.64-mm) 
pressure orifice is drilled at the location to 
be occupied by each sensor. 

The chips and substrate are loaded in a 
fixture that aligns the chips over the holes. 
Springs on the fixture press the chips 
firmly against the glass substrate. The fix
ture and its contents are heated to 380 °C 
in a vacuum; when the temperature has 
reached equilibrium, a potential of 800 
Vdc is applied to electrodes in the fixture 
for 5 min, causing elecrostatic bonding 
between the sensor chips and the glass 
substrate. 

The substrate and chips are removed 
from the furnace. Then, the substrate is 
adhesively bonded to a low-thermal 
expansion alloy pressure-tube plate, the 
pressure orifices of which are aligned with 
those in the substrate. The multiplexer 
chips are mounted with epoxy and con
nected to the sensor chips via gold wires. 
The amplifier circuit card makes contact 
with the senSing substrate via spring
loaded, gold-plated contacts aligned with 
gold contact pads on the sensing sub
strate. 

This work was done by Purnell Hopson, 
Jr., John J . Chapman, and Nancy M. H. 
Kruse of Langley Research Center. No 
further documentation is available. 

InqUiries concerning license for the 
commercial use of this invention should 
be addressed to the Patent Counsel, 
Langley Research Center [see page 20]. 
Refer to LAR-15062. 
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Data Acquisi 
With the widest selection of ND systems, 
signal conditioning, and software, 10tech's 
DaqBook series leads the way in notebook 
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Electronic Components 
and Circuits 

Electronically Variable Resistive Load 
Features include high power, modularity, speed, and capability to dissipate high power. 

Lewis Research Center, Cleveland, Ohio 

An electronically variable linear resis
tive load circuit has been synthesized by 
use of analog components to control the 
conductance of power metal oxide/ 
semiconductor field-effect transistors 
(MOSFET's). The circuit has a modular 
configuration, in which a single controller 
drives parallel load units . A 3-kW load 
module that exhibits a submicrosecond 
response time with respect to the con
trol signal has been demonstrated. 

Such loads are useful for the control 
of certain constant-power generating sys
tems and for transient or stability testing of 
various power-conditioning and -conver
sion systems. In comparison with stepped 
control of loads synthesized by digital 
switching of discrete resistors , the con
trol of resistance afforded by this circuit 
is very smooth. This control is faster than 
is control by pulse-width modulation and 
follows a precise, device-independent 
rule enforced by feedback. 

The top part of Figure 1 shows the prin
ciple of operation to be that of a controlled 
current regulator driven by a signal pro
portional to the product of the source 
voltage (V) and the control signal (Ve)' In 
normal operation, with the MOSFET not 
saturated, the operational amplifier en
forces the equality IRs = k'<:V, where I is 
the load current, as sensed by Rs' and k 
is a constant. Therefore , this circuit 
appears to the power source as a resis
tor of value R ;: V# = Rs /(k'<:) . The series 
resistor RL serves to limit the power dissi
pation in the MOSFET load to 

V2 

4(RL +Rs l 
which is useful to ensure safe operation 
for a given maximum V. Note that RL is 
by far the dominant part of the minimum 
possible R (given by Rmin = RL + ROS,on 
+ Rs) inasmuch as the current-sensing 
resistance (Rs) and the on-state resis
tance (Ros,oJ of the power MOSFET are 
usually only fractions of an ohm. 

A prototype of the circuit was built 
with a Burr-Brown type MPY634BM wide
band analog multiplier and a type 
3554BM fast-settling operational amplifi
er as the gate driver. Two 350-V load 
units, each as shown at the bottom of 
Figure 1, were constructed on water-
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Detail of a 1500-W Load Unit 

Figure 1. The Electronically Variable Load Circuit presents a synthesized linear resistive 
load to the power supply. Power is dissipated in the load unit. Load units are modular; several 
can be connected in parallel to increase power-dissipating capacity. 

cooled, copper baseplates and connected 
in parallel to the same driver through 
coaxial cables 2 ft (0.6 m) long. The 
power components in each load unit are 
two 250-W MOSFET's and three non
inductive, aluminum-housed 200-0 resis
tors. Also included are 0.5-0 resistors in 
the source leads to improve current bal-

ance in the parallel MOSFET's and ferrite 
beads to suppress any tendency for the 
transistors to oscillate in a circular mode. 

Figure 2 illustrates the large-signal re
sponse observed when using the two 
load units described above. With the 
source fixed at 350 V, the load current 
shown in the upper pair of traces rises at 
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THE TELEDYNE 
COMMERCIAL 

CENTIGRID® RELAY 
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For More Information Write In No. 520 
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LOAD-CURRENT RESPONSE TO A 2D-kHz TRIANGULAR-WAVE SUPPLY VOLTAGE 

Vc is fixed to give R = 67 . 

Figure 2. The Load-Current Responses to selected control-signal and supply-voltage wave
forms are shown in these oscil loscope traces. 

Active-Pixel Cosmic-Ray Sensor 
Advantages would include simpler structure and greater sensitivity. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

about 16 A/~s in response to a step in 
'{. Experiments showed that this circuit 
has good bilinearity in Vc and V, as is 
desirable in control-loop applications. The 
lower pair of traces shows load current 
observed in response to a 20-kHz trian
gular source V, with '{ fixed to give R = 
67 Q . When a 1-kHz triangular-wave 
input was used for either Vc or V, the 
load-current and input waveforms were 
indistinguishable on an oscilloscope. 

One potentially useful, although untest
ed, modification of this circuit would be 
the substitution of static induction transis
tors (SIT's) for the MOSFET's to get high
er specific power, speed, and radiation 
hardness. Another variant circuit would 
dissipate a constant power, as set by Vc' 
regardless of the variations of V within 
some bounded range; to implement 
such a circuit, one would have to recon
figure the analog multiplier to form the 
quotient '{/V instead of the product VcV. 

This work was done by Janis M. Niedra 
of Sverdrup Technology, Inc., for Lewis 
Research Center. Further information 
may be found in NASA CR-187155 
{N91-27446/TB}, "Analog Synthesized 
Fast-Variable Linear Load." 

Copies may be purchased {prepay
ment required} from the NASA Center for 
AeroSpace Information, Linthicum Heights, 
Maryland, Telephone No. (301) 621-0394. 
Rush orders may be placed for an extra 
fee by calling the same number. LEW-
15686. 

A proposed cosmic-ray sensor would 
comprise a planar rectangular array of lat
eral bipolar npn floating-base transistors 
(see figure), each of which would define a 
pixel. The collector contacts of all transis
tors in each row would be connected to 
the same X (column) line conductor; the 
emitter contacts of all transistors in each 
column would be connected to the same 
Y (row) line conductor; and the current in 
each row and column line would be 
sensed by an amplifier, the output of 
which would be fed to signal-processing 
circuits. Thus, a cosmic-ray hit in a given 
pixel would give rise to currents in the X 
and Y lines connected to it. The location 
of the hit would thus be known to within 
the pixel resolution, and the sizes of the 
currents would be indicative of the energy 
of the impinging cosmic ray. 

Collector (X) 
Contact 

Biased at +5 V 

Emitter(Y) 
Contact 

Biased at 0 V 

One of the advantages of the proposed 
design is that the floating-base transistor 
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The Floating-Base Transistor in each pixel would both detect and amplify the charge of 
holes that traveled to the base from the cosmic-ray track. 
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in each pixel would not only collect the 
signal but would also buffer and amplify 
the signal for readout. Each impinging 
cosmic ray would generate electrons and 
holes in the intrinsic layer, among other 
places. Holes would flow toward the float
ing base, raising the base voltage by 
approximately OVbase = QSi/Cbase ' where 
QSig is the signal charge of holes that 
reach the base and Cbase is the capaci
tance of the base. This increase in base 
voltage would cause the transistor to tum 
on and current to flow between the col
lector and the emitter. The current flowing 
into the collector would be sensed by the 

amplifier connected to the row conductor, 
and the current flowing out of the emitter 
would be sensed by the amplifier connect
ed to the column conductor. Because the 
collection of charge carriers anywhere in 
the base would lead to the same increase 
in base voltage, the signal generated on 
the row and column conductors would be 
independent of the position of the particle 
track within the pixel. 

If the gain of the bipolar transistor were 
b, and the Qsig flowed in as a current isig ' 

then to first order, the signal out of the 
transistor would be ice = f3 isi9; that is, the 
transistor action would amplify the signal 

A WORLD OF OPTIONS 
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broadcast, laboratory and uses 
we haven't even thought of yet. 

The Elmo ME411 E, our newest 
remote-head B&W CCD camera, de
livers 570 TV(H) lines of resolution in 
a 17mm diameter, one-half ounce 
size package, ideal for machine vi 
sion , ac, NDT, laboratory, and other 
limited space applications. 
Elmo offers a wide variety of micro 
lenses including the exclusive 16mm 
and 25mm macro lenses that pro
duce magnifications of nearly 200X. 

Built-in features include one pulse 
trigger function (simultaneous ran
dom reset), restart/reset operating 
modes for computerized image proc
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by a factor of b. The bipolar transistor 
would also buffer the Signal such that the 
capacitance to sense the signal charge 
Qsig would remain only Cbase' regardless of 
the size of the array. In contrast, the pixel 
capacitance of an N x N-pixel array of a 
prior developmental cosmic-ray sensor 
array containing positivelintrinsic/negative 
si licon devices is approximately NCbase ' 

Thus, overall, the sensitivity of the pro
posed sensor would be about bN times 
that of the prior sensor. Also in compari
son with the prior sensor, the proposed 
sensor is expected to be fabricated in 
greater yield and to be more readily scal
able to smaller pixels, lesser thicknesses, 
and greater numbers of pixels. 

This work was done by Eric R. Fossum, 
Thomas J. Cunningham, and Melinda J. 
Holtzman of Caltech for NASA's Jet 
Propulsion Laboratory. For further infor
mation, write in 7 on the TSP Request 
Card. NPO-18975. 

Computing 
Scattering 
Characteristics 
of Waveguide 
Junctions 
A waveguide device is 
modeled as an assembly 
of rectangular waveguides of 
different cross sections. 

NASA's Jet Propulsion 
Laboratory, Pasadena, California 

To optimize frequency responses of 
waveguides and determine the toler
ances required to meet radio-frequency 
specifications, accurate computer mod
eling of passive rectangular waveguide 
components is often needed. Many rec
tangu lar waveguide components can be 
represented either exactly or approximately 
as a number of rectangular waveguides of 
different sizes connected in series. 

The Rectangular WaveGuide Junction 
SCATtering (RWGSCAT) computer pro
gram solves for the scattering properties 
of a waveguide device. The device must 
consist of a number of rectangular 
waveguide sections of different cross
sectional areas connected in series. 
Devices that fall into this category include 
step transformers, filters, and smooth or 
corrugated rectangular homs. 
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megabytes to internal hard drive; stream to external 2 
gigabyte drive via SCSI; archive to OAT or floppy drive 

• 8 to 32 Waveform Channels ... plus 32 events; DC to 20 
kHz; chart speeds to 500 mm/sec 

• Record analog, digital, or both 

\ 
l-: \ 

\< 
\ 

\ 

\ 
\ 

The MT95K2 lets you preview your data, record it, store it, 
play it back, analyze it, record it again , and more! For a basic 
8 channel recorder or a sophisticated 32 channel recording 
system, the MT95K2 is the perfect platform for you today 
and tomorrow! 
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RWGSCAT models such devices and 
accurately predicts the reflection and trans
mission characteristics, taking into 
account higher-order (other than domi
nant TE1Q) mode excitation if it occurs, 
as well as multiple reflections and energy 
stored at each discontinuity. In the case 
of a device that is large with respect to 
the wavelength of operation, the charac
teristics of the device may be required for 
computing a higher-order mode or a 
number of higher-order modes that excite 
the device. Such interactions can be rep
resented by defining a scattering matrix 
for each discontinuity in the device, and 
then cascading the individual scattering 
matrices to determine the scattering 
matrix of the overall device. The individual 

matrices are obtained by use of the 
mode-matching method. 

RWGSCAT is written in FORTRAN 77 
for IBM PC-series and compatible com
puters running MS-DOS. It has been suc
cessfully compiled and implemented by 
use of Lahey FORTRAN 77 under MS-DOS. 
A sample MS-OOS executable code is pro
vided on the distribution medium. It re
quires 377K of random-access memory 
for execution. Sample input data are 
also provided on the distribution medium. 
The standard distribution medium for this 
program is one 5.25-in. (13.34-cm), 360K 
MS-DOS-format diskette. The contents of 
the diskette are compressed by use of 
the PKWARE archiving software tools. 
The utility program to unarchive the 

files, PKUNZIP.EXE, is included. An 
electronic copy of the documentation is 
included on the distribution medium in 
Latex format. RWGSCAT is also offered 
as a bundle with a related program, 
CWGSCAT (Scattering Matrix Program 
for Circular WaveGuide Junctions). 
Please see the abstract for RWGSCAT/ 
CWGSCAT (COS-1OO45) for information 
about the bundled package. RWGSCAT 
was developed in 1993 and is a copy
righted work with all copyright vested in 
NASA. 

This program was written by Daniel J. 
Hoppe and Farzin Manshadi of Caltech 
for NASA's Jet Propulsion Laboratory. 
For further information, write in 16 on 
the TSP Request Card. NPO-19091. 

Constant-Delay Broadband Microwave Phase Modulator 
Varactor diodes and transformer waveguide sections are used instead of tuned circuits. 

Goddard Space Flight Center, Greenbelt, Maryland 

The figure illustrates schematically the 
essential radio-frequency components of 
a microwave phase modulator embedded 
in a waveguide network and designed to 
achieve nearly constant delay over the 
frequency band from about 1.6 to about 
1.8 GHz. In the phase modulator, a hy
brid waveguide junction is terminated at 
two of its ports with half-wavelength sec
tions of waveguide coupled to pairs of 
varactor diodes separated by quarter
wavelength sections of waveguide. These 
varactor/waveguide terminating struc
tures play the same role as lumped-para
meter resonant circuits would: they pro
vide, in principle, total reflection at the 
desired resonant frequency. 

The design of the phase modulator is 
based partly on the principle that if im
pedances are matched at all ports of the 
hybrid junction, then the overall micro
wave network acts as a broadband cou
pler. Some of the needed impedance 
matching is performed by the quarter
wavelength sections between the varactor 
diodes, and some by half-wavelength 
sections. The impedances of the half- and 
quarter-wavelength matching sections must 
be chosen along with the junction capac
itance (and thus, the radio-frequency im
pedance) of the varactor diodes at the op
erating dc bias level: these design param
eters are chosen iteratively with the help 
of a microwave-design computer program. 

This work was done by Mark Francisco 
and Krishna Praba of Goddard Space 
Flight Center. For further information, 
write in 64 on the TSP Request Card. 
GSC-13253. 
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COMPUTED DELAY-VS.-FREQUENCY RESPONSE 

1.8 

The Microwave Phase Modulator would exhibit approximately flat delay-vs.-frequency re
sponse in the frequency band of interest, according to design computations. 
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Integrated-Circuit 
Controller for 
Brushless dc 
Motor 
Size, weight, and power con
sumption can be smaller than 
those of other controllers. 

Marshall Space Flight Center, 
Alabama 

The figure illustrates a generic circuit 
that performs most of the commuta
tion-logic and power-switching func
tions for control of a brushless dc 
motor. Like some other brushless-dc
motor controllers , this controller 
includes (1) commutation- logic and 
associated control circuitry that gener
ates commutat ion commands in 
response to the outputs of rotor-posi
tion sensors and to externally supplied 
speed and direction commands, (2) a 
power supply, and (3) inverters contain
ing power transistors, which commute 
power to the stator windings of the 
motor in response to the commutation 
commands . The major advantages of 
this controller are that its size, weight, 
and power consumption can be made 
less than those of other brushless-dc
motor controllers. 

Several versions of the controller 
were at various stages of development 
when the information for this article was 
submitted . A "breadboard" prototype 
comprises an assembly of commercial 
integrated circuits and discrete compo
nents . A more advanced low-power 
monolithic version incorporates all func
tions on a single integrated-circuit chip; 
medium and high-power versions are 
expected to incorporate low-power cir
cuitry (logic and associated control cir
cuitry) on main controller chips and 
higher-power circuitry (power-supply 
and inverter circuitry) on external chips 
and/or implemented off chip with dis
crete analog components. 

The commutation-logic block can 
operate the motor in either two or four 
quadrants. In two-quadrant operation, 
the commutation signals are timed so 
that power is delivered to the stator 
windings to maintain rotation at the ex
ternally commanded speed or motor 
current in the externally commanded 
direction. In four-quadrant operation , 
the motor can be both driven and 
braked in either direction; in the braking 
mode, the commutation signals are 
timed to extract power (via back-
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electromotive force) from the stator 
windings ; the power is ordinarily 
returned to the power supply, except 
that when it exceeds a threshold 
beyond which it could damage the 
power supply, the excess is dissipated 
in a built-in load resistor. 

The control block performs the feed
back control functions for maintaining 
the commanded speed, direction, and 
motor current. In two-quadrant opera
tion, this block closes the current-feed
back loop; in four-quadrant operation, 
the current-feedback loop is closed by 
an external microprocessor and/or dis-

crete components. The control block 
includes built-in monitoring circuitry 
that detects position-sensor fa ilures 
and overcurrent in the motor. The con
trol block also includes a dead-time 
generator, which provides a program
mable dead time between the nominal 
"on " periods of the switching power 
transistors of the inverter paired in 
series across the isolated power sup
ply: This dead time is necessary 
because without it, the finite switching 
times of these transistors could cause 
them to be on simultaneously (forming 
a short circuit across the power supply) 
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159 Charles Colman Boulevard, Pawling, NY 12564 

YOU MAY ALSO CONTACf US BY CIRCUNG THE 
RESPONSE NUMBER INDICATED BELOW. 

For More Information Write In No. 406 
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The Controller for a Brushless de Motor 
can be fabricated as a single integrated
circuit chip (at least in low-power versions). 

during brief overlaps between their 
alternating nominal "on" and "off" peri
ods - a phenomenon called "shoot
through." 

The power and timing block provides 
a power supply that is partly isolated, 
with a ground-reference low side and a 
floating high side. It isolates the power 
transistors of the inverter block from 
the commutation-logic block. The 
power and timing block includes 
ground-reference predrive stages that 
drive the low-voltage-side power tran
sistors of the inverter block and level 
shifting predrive stages (which have 
floating outputs) that drive the high
voltage-side power transistors of the 
inverter bl0Ck. 

This work was done by Dong Tuan 
Le of Allied-Signal Aerospace Co. for 
Marshall Space Flight Center. For 
further information, write in 44 on the 
TSP Request Card. 

Title to this invention has been 
waived under the provisions of the 
National Aeronautics and Space Act 
(42 U. S. C. 2457(f)} to Allied-Signal 
Aerospace Co. 

Inquiries concerning licenses for its 
commercial development should be 
addressed to: 

Allied-Signal Aerospace Co. 
Attn: Hugh P. Gortler 
Patent Attorney 
111 South 34th Street 
P.D. Box 5217 
Phoenix, AZ 85010 

Refer to MFS-28809, volume and 
number of this NASA Tech Briefs issue, 
and the page number. 

NASA Tech Briefs, September 1994 



A CAE package that 
provides immediate 
productivity and 
saves prototyping 
dollars is very hard to 
find. With our line of 
fully integrated BEM 
electromagnetic simulation 
software, we can help. 

Each of our packages is 
designed around three basic 
principles: advanced technol
ogy, productivity and excep
tional customer service. 

Solutiom are obtained 4xfaster 
using symmetry conditiom . 

Advanced Technology 
"I have analyzed literally hun
dreds of linear and non-linear 
electromechanical devices 
with IES software. It has 
become an invaluable tool to 
me, as it's so much easierto 
work with than FEM software. 
Unlike FEM, BEM software 
does not necessitate any re
griding ofthe problem when 
one medium is being rotated 
or translated with respect to 
another, which results in a 
significant time saving." 

Dr. Kent Davey 
Geargia Institute of Technology 

Progressive features like our 
automatic/adaptive boundary 

element refinement, relative 
error detection, 3D symmetry 
conditions and a complete 
database manager give you 
the most advanced programs 
available anywhere. 

Torque vs. position curves for 
optimal motor design are readily 
calculated. 

Productivity 
"IES BEM programs have con
sistently outperformed the 
seven FEM packages I have 
evaluated in the past few 
years. The operator interface 
of IES programs allows for 

immediate productivity, where 
there is a significant learning 
curve involved in all FEM 
packages." 

Nicholas F. Campagna 
Consultant 

We have set up sample prob
lems for you to work through 
along with databases of 
solved problems comparable 
to conventional industry-spe
cific needs. Shorten the steps 
to your solution with IGES 
geometry translators and 
parametric definitions. 

"IES has consistently 
impressed us with 

their speed of 
response and strong 

commitment to work 
with us on unique 
problems." 

Jim Aydelotte 
Magnetic Instrumentation 

On-line help, full technical 
support and two complete 
program enhancements each 
year keep you on the cutting 
edge of CAE design and 
analysis. 

Load a single diskette or tape 
onto your PC or workstation. 
Within one day you will begin 
working on your own prob
lems. In just a week, even the 
most sophisticated 3D design 
solutions are yours. We give 
you our word. And so have 
our customers. 

Use BEM to solve non-linear 
eddy current problems . 

Call today for your 30-day no-charge 
software evaluation. 

IJ INTEGRATED 
ENGINEERING SOFTWARE 
TEL: (204) 632-5636 FAX: (204) 633-7780 
e-mail: info@integrated.mb.ca 
For More Infonn.tlon Write In No. 521 



Multilayer Microstrip Slot and Dipole Array Antenna 
Interleaved arrays transmit and receive in different polarizations at different frequencies. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A multilayer antenna structure sche
matically shown in the figure contains in
terleaved linear subarrays of microstrip di
pole and slot radiating antenna elements 
to provide a compact, dual-band anten
na. The structure also contains the asso
ciated microstrip transmission lines, plus 
high-power amplifiers for transmission 
and low-noise amplifiers for reception. 
The overall function of this antenna struc
ture is to transmit in horizontal polariza
tion at a frequency of 29.634 GHz and 
receive in vertical polarization at 19.914 
GHz, in a direction 44° from broadside to 
the antenna. This antenna structure is 
part of the apparatus described in 
"Steerable KIKa-band Antenna for Land
Mobile Satellite Applications " (NPO-
18772), NASA Tech Briefs, Vol. 18, No. 
1, (January 1994). page 28. 

The input signal to be transmitted is first 
distributed to the high-power amplifiers 
via a power-dividing beam-forming net-

Power·Dividing 
Beam-Forming Networks 

E 
o 
N 

work. The dipoles are series-fed via elec
tromagnetic coupling from microstrip trans
mission lines connected to the output ter
minals of the high-power amplifiers. 

The same planar conductor that serves 
as the ground plane for the dipole (trans
mitting) antenna elements also contains 
the slot (receiving) antenna elements. The 
slots are electromagnetically coupled to a 
second set of microstrip transmission lines 
on the underside of the slotted ground 
plane in a series-fed arrangement similar 
to that of the dipoles. These transmission 
lines couple the received signals to the 
low-noise amplifiers, the outputs of which 
are combined in a second beam-forming 
network. Inherently good isolation is 
expected between the receive and trans
mit signals since the corresponding cir
cuitry are on opposite sides of the prima
ry antenna ground plane. 

The design of the linear series-fed
type arrays is achieved using transmis-

r 
iF 

F 
TI=TI=TI=~ 

iF 
FiFTI= 

EL b b b b b.:;::::::, b 

LAZ 6.0 in. 

sion-line theory with equivalent circuit 
models for the radiating elements. The 
element offsets and interelement line 
lengths are used to obtain the desired 
amplitude distribution and beam direc
tion, respectively. 

This work was done by Ann N. 
Tulintseff of Ca/tech for NASA's Jet Pro
pulsion Laboratory. For further informa
tion, write in 75 on the TSP Request 
Card. 

In accordance with Public Law 96-517, 
the contractor has elected to retain title to 
this invention. Inquiries concerning rights 
for its commercial use should be 
addressed to: William T. Callaghan, 
Manager; Technology Commercialization; 
(MIS 79-23); Jet Propulsion Laboratory; 
4800 Oak Grove Drive; Pasadena, CA 
91109. 

Refer to NPO-18837 volume and num
ber of this NASA Tech Briefs issue, and 
the page number. 
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1. -HPA- denotes a high-power amplifier in transmitting array. 
2. -LNA- denotes a low-noise amplifier In receM ng array. 
3. ·M~JJlC· means -monolithic microwave integrated circuit. · 
4 . -BFN- means -beam-fonnlng network,-
5. Drawing is not to scale. 

Lien~~smltting Dipole Elements 

2 Transmitting Microstrip Transmission Lines 

3 Ground Plane Witll Respect to Transmitting 
Dipole Elements, Containing Receiving Array of Slots o ReceIving Microstrip TransmiSSion Lines 

® Shielding Ground Plane 

Interleaved Arrays of Dipole and Slot Elements transmit and receive in horizontal and vertical polarization, respectively, at 29.634 and 
19.914 GHz, respectively. 
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WE-VE EXAGGERATED HOW MUCH 
CALCULATING POWER IS IN NEW MATHCAD PLUS 5.0. 

BUT ONLY SLIGHTLY. 

It gives you more advanced 

math capability than ever before. It 

lets you tackle harder problems and 

solve even tougher equations. In short, 

it's the most powerful, most advanced 

version of Mathcad ever relea ed. 

And that's no exaggeration. More 

powerful than spreadsheet or calculators, 

easier than programming languages, new 

Mathcad PLUS 5.0 gives engineers, cienti ts 

and educators more tools to do calculations 

with greater speed and ease. 

You get more functionality for computi ng 

derivatives and integrals, differential equations, advanced 

vector and matrix operations, statistical functions, curve 

fitting, and fast Fourier and wavelet tran fOrIm. You can 

choose from a wider range of symbolic capabilities, and 
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Marhcad PLUS 5 .O's on-screen worksheet lets 
you easity combine equations, text and graphics. 

polar, contour and para-

metric plots. MathSoft's 

Electronic Books, based 

on the most popular ref-

erence books, let YOLi 

instantly cut and paste 

hundred of formulas into your work. And with Mathcad 

. PLUS Function Packs you can add even more remarkable 

calculating power in specific dis-

ciplin':! like signal processing, data 

analysis, tatistic and graphics. 

Plus, like its Mathtad predeces-

sors, it's as easy and intuitive as using a 

cratchpad. Simply enter equations in 

real math notation anywhere on Mathcad 

PLUS 5.0's on- creen worksheet. Add text 

and graphics. Change variable and instantly 

update your work. Mathcad PLUS 5.0 calculates 

answers quickly and accurately, then prints your 

results in impressive, presentation-quality documents. 

So try Mathcad PLUS 5.0 today, and tomorrow 

you'll be ten time more productive. Well, maybe we're 

exaggerating again. But only lightly. Mathcad PLUS 5.0 

i price :l at just $2992>: To order, or to receive even more 

information, call 1-800-967-5075. Or mail or fax the 

coupon below (Fax: 716-873-0906). 

i-FREE MATHCAO-pius -5.-0' INFORMATION -Kif -i 
: For m,)re inforrn:Jtion on Mathcad PLUS 5.0, mail or fax this coupon. : 
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Improved Reading Gate for Vertical-Bloch-Line Memory 
Reliability of detection of data bits is increased. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

An improved design for the reading 
gate of a vertical-Bloch-line magnetic
bubble memory increases the reliability of 
discrimination between binary ones and 
zeros. In the prior design, discrimination 
between a one and a zero at a given 
location in a magnetic-bubble memory 
depended on the application of magnet
ic-stripe-chopping electrical currents of 
various magnitudes and the detection of 
the presence or absence of the resulting 
magnetic bubble. The prior design was 
unreliable in that the differences between 
the amplitudes of chopping currents that 
produced "one" and "zero" magnetic
bubble readouts were small (sometimes 
even nonexistent) and dependent on the 
magnet ic substrate material. The 
improved design does not involve dis
crimination between substrate-depen
dent chopping -current amplitudes; 
instead, current sufficient to chop any 
magnetic bubble is applied, and discrimi
nation between ones and zeros is effect
ed by a more-reliable bubble-propaga
tion scheme. 
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BUBBUS FORMED BY CHOPPING 

BUBBLES AFTER FOUR 
PROPAGATION CYCLES 

Call me, I'm interested. Write In No. 407 
Please send literature. Write In No. 408 
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SIMPLIFIED PLAN VIEW 
OF COMPONENTS 

Magnetic Bubbles that signi
fy binary "1" and "0" are pro
duced by applying sufficiently 
large chopping currents to 
memory stripes. The bubbles 
are then propagated differen
tially in the bubble sorter. 
This method of discriminating 
between ones and zeros is 
more reliable than is the prior 
method based partly on dif
ferences between amplitudes 
of chopping currents. 

The principle of operation of a vertical
Bloch-line magnetic-bubble memory was 
described in "Vertical-Bloch-Line Memory" 
(NPO-18467), NASA Tech Briefs, Vol. 17, 
NO. 6 (June 1993) page 42. To recapitu
late: The storage medium is a magnetic 
substrate delineated into stripes that 
constitute magnetic domains, the bulk of 
the substrate is magnetized perpendicu
larly to the plane of the substrate, and 
the stripes are also magnetized perpen
dicularly to the plane but in the opposite 
direction. A vertical Bloch line (VBl) is a 
twist in the magnetization in the Bloch 
wall (the boundary of the domain) in the 
plane. Two such twists of the same chi
rality at the same location constitute a 
VBl pair. The presence or absence of a 
VBl pair at a given bit-cell location repre
sents a binary one or zero, respectively. 

The figure illustrates the improved read
out as it applies to four memory stripes 
that contain the bit pattern "1001:' Where 
a VBl pair (signifying "1 ") is present at the 
chopping conductor at the end of a stripe, 
the application of the chopping current is 
sure (because the amplitude of the cur
rent is set large enough) to produce a 
magnetic bubble that contains two VBl's; 
this is the case for stripes A and D. Where 
no VBl pair is present (signifying "0"), the 
application of the chopping current pro
duces a magnetic bubble that contains no 
VBl; this is the case for stripes Band C. 
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TURBOMACHINERY 
DEVELOPMENT 

MADE EASY 

With advanced turbomachinery 
software systems from NREC 

you can balance performance, 
reliability, and cost. 

Or, we can do it for you. 

Product Design & Development 
Services include product specification, 
feasib ility stud ies, fluid and mechanical 
design , controls eng in eer ing , fini te 
element analysis , rerating , performance 
upgrades, and failure analysis. 

Specialized CAE/CAM Software 
Advanced technology software improves 
design , performance pred iction , 
vibration analysis, and N/C machining of 
compressors, pumps, and turbines. 

Precision Manufacturing 
NREC provides the highest quality 5-axis 
machining of complex impellers, rotors, 
blades, and bl isks, up to 60 inches, plus 
balancing, spin testing , and assembly. 

For More Information 
Pl ease request free literature or 
contact Frank Hines to discuss your 
appl ication. Phone 617 937-4655 or 
Fax 617 935-9052. 

NREC 
Northern Research and 
Engineering Corporation 
39 Olympia Avenue, Woburn MA 01801 
A part of worldwide Ingersoll-Rand 

For More Information Write In No. 409 

The magnetic bubbles are propagated 
along a dual-meandering-conductor track 
called a "major line" and into an end por
tion of the major line that tapers to a 
greater width. The end portion is called 
the "bubble sorter," and bubbles are 
sorted there by use of gyrotropic deflec
tion of the bubble-propagation path ; 
each bubble that contains two VBL's 
(binary "1 ," bubbles A and 0) propagates 
along the gradient of the magnetic field . 
Each bubble that contains no VBL 's 
(binary "0," bubbles B and C) propagates 
at about 45

0 

with respect to the gradient 
of the magnetic field . Thus, after four 
propagation cycles , the "0" bubbles B 
and C lie to the left of the "1" bubbles A 
and O. The bubble detector is placed in 
line with the straight propagation path to 
detect the two-VBL ("1 ") bubbles. A bub-

ble annihilator is placed in line with the 
45

0 

propagation path to collapse the no
VBL ("0") bubbles. 

This work was done by Jiin-Chuan 
Wu, Henry L. Stadler, and Romney R. 
Katti of Caltech for NASA's Jet Propul
sion Laboratory For further information, 
write in 80 on the TSP Request Card. 

In accordance with Public Law 96-517, 
the contractor has elected to retain title 
to this invention. Inquiries concerning 
rights for its commercial use should be 
addressed to : illiam T. Callaghan, 
Manager; Technology Commercial
ization; Jet Propulsion Laboratory; (MIS 
301-350); 4800 Oak Grove Drive; 
Pasadena, CA 91109. 

Refer to NPO-18615, volume and 
number of this NASA Tech Briefs issue, 
and the page number. 

Square-Spiral Microstrip Antennas 
The square shape may simplify fabrication. 
Lang/ey Research Center, Hampton, Virginia 

Square-spiral microstrip antennas for 
wideband reception at frequencies of 
several gigahertz have been proposed . 
Like other microstrip antennas of both 
spiral and nonspiral shape, these could 
be made to conform to surfaces of air
craft and other vehicles . Also like other 
microstrip antennas, these would offer 
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the advantage of thinness (about one
tenth the thickness of nonmicrostrip spi
ral antennas). The square shapes of the 
spirals in these spiral microstrip anten
nas may offer an advantage over the 
curved shapes of the spirals of other spi
ral microstrip antennas in that the square 
shapes may simplify fabrication. 

5 10 

Figure 1. A 
Square-Spiral 
Microstrip 
Antenna (as dis
tinguished f rom 
spiral microstrip 
antennas of dif
ferent shapes) 
may offer the 
advantage of 
simpler fabrica
tion . 

z 
Dielectric 

Spiral Antenna 
Element 

--------------------~ __ ~ ______________ ~ x 

Ground Plane 
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\~ 90~~ 'Ihe Cotnp3!!Y . 
C~RT\~ that Wrote tlie Hook 
on PC Data Acquisition 

Announces a New 

.333 kllosamples/second 

.1K FIFO and dual-channel 
OMA 

·8 analog inputs . expandable 
to128 

·40 kilosamples/second 
analog Input 

• VlsualOAS support. • 4-word FIFO and on-board 
tlmebase 

NTB 9/94 

Windows and OOS drivers 
• Reduces data acquisition programming 10 

Oiling In a table 

• Open Microsoft environmenl gives access 
to OLE. DOE and 3rd parly add·ons 

• External trigger and gate 

• VisualDAS support. 
Windows and DDS drivers 

Here's the story: Keithley MetraByte once again sets the standards in PC data acquisi
tion by introducing new, powerful price/performance leaders. 

A novel approach to value. Breakthrough performance. World-class support 
Unbelievable prices. Only Keithley MetraByte provides this winning 
combination in a product line built for your applications. So whether you 
monitor temperatures or high-speed waveforms, are in R&D or on the 

factory floor, we have the products and support you need. 
Hardware and software integration. Our software and hardware 

are designed to work together. Our software solution range from easy, 
point-and-click packages to in-depth programming tools. And compre
hensive drivers let you program in virtually any language, under 
Windows or DOS. 

Pick up a bestseller today. Call 1-800-348-0033 to order our new 
DAS products or to get a copy of our catalog. You won't be able to put it down. 

KEITHLEY METRABYTE 

Keithley MetraByte. 440 Myles Standish Blvd .• Taunton. MA 02780. Tel 508-880-3000 FAX 508-880-0179 
Windows and Visual Ba ie are trademarks of Microsoft Corporation. 

For More Information Writ. In No. 522 



Figure 1 illustrates a basic square-spi
microstrip antenna , which would 

ise a square-spiral conductive 
on a dielectric slab backed by a 

nd plane. Optionally, resistive mate
could be placed on the arms of the 

iral to enhance performance by 
ng energy in unwanted higher

electromagnetic modes. Optional 
.:k>lo,...t,i,... layers above the spiral conduc-

could also be added. 
The performance of the antenna 

in Figure 1 was computed, start
by use of a spectral-domain 

s function for a current element 
a dielectric slab to develop an inte

equation that could be solved by 
method of moments. The antenna 
taken to be excited by a voltage 

ftbnor·",tr" at the inner ends of the arms 
the spiral, and the current density 
the spiral was modeled by piece

se-linear subdomain basis functions, 
e subdomains being small square 

into which the spiral was subdi-
In this formulation, the effects of 

dielectric were modeled rigorously. 
is formulation is extendable to arrays 
square-spiral microstrip antennas 

to dichroic reflector surfaces made 
arrays of square-spiral microstrip 

hes .) Figure 2 shows selected 
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Figure 2. Some of the Performance Characteristics of the antenna shown in Figure 1 were 
computed as a function of frequency. 

aspects of the computed performance, 
which com-pares favorably with that of 
a similar Archimedian-spiral microstrip 
antenna. 

This work was done by David G. 
Shively of Langley Research Center. 

No further documentation is available. 
Inquiries conceming rights for the com
mercial use of this invention should be 
addressed to the Patent Counsel, 
Langley Research Center [see page 20]. 
Refer to LAR-150BB. 
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Cheaper Synthesis of Multipole-Brushless-dc-Motor 
Current 
The output of a single two-phase shaft-angle resolver is converted to multispeed three phase. 

Marshall Space Flight Center, Alabama 

The figure illustrates a circuit that con
verts the output of a single two-phase 
shaft-angle resolver to that of a multi
speed three-phase shaft-angle resolver. 
The multispeed three-phase output is 
needed to generate currents for sinusoid
al commutation of a multipole brushless 
dc motor: torque ripple can be minimized 
by exciting each pole winding in each 
phase with a current proportional to 

sin (N8 + 2 ~) 

were N is half the number of poles; k = 
0, 1, or 2, depending on the phase; and 
8 is the instantaneous angle of the rotor 
magnets with respect to the stator wind
ings (shaft angle) of the motor. 

The two-phase shaft-angle resolver is 
attached to the shaft of the motor and 
excited at frequency 1l/21t, so that its two 
outputs are proportional to sin (Ill) sin (~ 
and sin (Ill) cos (~, where t = time. These 
signals are fed to a resolver-to-digital 
converter, which produces a 16-bit digital 
word that represents the shaft angle. This 
word is used to address simultaneously 
three erasable programmable memory 
(EPROM) integrated circuits, each of 
which contains the digitized amplitudes 
of N/2 cycles of a sine wave. The data 
stored in each EPROM are divided into 
64K 16-bit words . The phases of the 
sine waves in EPROM's 1 and 2 are shift
ed 21t/3 and 41t/3 radians, respectively, 
with respect to that of the sine wave in 
EPROM O. 

The digital amplitudes obtained from 
the EPROM's are fed to 16-bit digital-to
analog converters, which generate volt
ages proportional to the required 
sinusoidal excitations. Thus, the final out
put of the circuit is a three-phase set of 
sinusoidal voltages . each of which 
exhibits N cycles during one rotation of 
the motor shaft and is synchronized with 
the rotation. 

The concept of this converter circuit is 
generally applicable to the generation of 
multispeed, multi phase shaft -angle
resolver Signals from a single two-phase 
shaft-angle resolver. Where 2N is large 
(e.g., 48 in the original application), the 
combination of this converter circuit and 
the single two-phase shaft-angle 
resolver offers significant advantages in 
that its cost, weight, size, and complexity 
are less than those of a multispeed, mul
tiphase shaft-angle resolver of similar 
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capability. The design of this converter 
circuit is readily adaptable to a two
phase motor: one simply uses two 
EPROM's instead of three and changes 
the phase shift between EPROM's from 
21t/3 radians to 1t/2 radians. 

This work was done by Dean C. 
Alhorn and David E. Howard of Mar-

Excitation : KE sin (rot) 

KRsin (rot) sin (0) 

16-Bit 
Two-Phase 1-----1-1 Resolver·to-
Shaft-Angle Digital 

Resolver Converter 

KRsin (rol) cos (0) 

shall Space Flight Center. For furth 
information, write in 26 on the TSP R 
quest Card. 

Inquiries concerning rights for the co 
mercia! use of this invention should 
addressed to the Patent Counsel, M 
shall Space Right Center [see page 2 
Refer to MFS-28855. 
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Three-Phase Sinusoidal Signals that undergo N cycles for each complete rotation of the 
shaft are generated by this circuit from the output of a two-phase shaft-angle resolver. 
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Electrode/Dielectric Strip for High-Energy-Density 
Capacitor 
Energy density could be double that of a similar commercial capacitor. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

A proposed improved unitary elec
trode/ dielectric strip would serve as a 
winding in a high-energy-density capac
itor in a pulsed power supply. The strip 
would offer the combination of qualities 
essential for high energy density: high 
permittivity of the dielectric layers, thin
ness, and unusually high resistance to 
breakdown of the dielectric at high 
electric fields. Unlike some capacitors 
that are now commercially available, 
capacitors made with the proposed 
strip material would not be impregnat
ed with liquid; the problem of contain
ing the liquid would be eliminated, and 
the volume of packaging material 
would thus be reduced. By virtue of the 
increased breakdown strength and 
increased packaging efficiency that 
would be afforded by the improved uni
tary electrode/dielectric strip material, it 
should be possible to achieve an ener
gy density twice that of a commercial 
capacitor made with the same dielec
tric film. 

The figure illustrates the proposed 
improved electrode/dielectric strip, 
which would be formed on a strip of 
dielectric material like that now used in 
commercial high-energy-density capac
itors [e.g., polyvinylidene fluoride film, 
which has a dielectric constant of about 
11 and a breakdown strength of about 
19 kV/mil (about 7.5 x 108 Vim)). By use 
of nonreactive or reactive vapor -phase 
deposition or sputtering, layers of amor
phous Ta20 5 less than 1,000 A thick 
would be deposited on both faces of 
the dielectric film. 

The Ta20 5 layers would have low di
electric loss and would offer a desirable 
combination of high dielectric constant 
(28). high dielectric breakdown strength 
(20 kV/mil) (about 7.9 x 108 V/m) , and 
high absorptivity of electric charges 
injected from the electrode layers to be 
added subsequently. Inasmuch as the 
injection of charges from electrodes is a 
principal factor in the initiation of break
down of dielectric films, the ability of the 
Ta205 layers to reduce the injection of 
charge would thus increase the effec
tive breakdown strength of the overall 
sandwich of dielectric layers. 

A layer of AI, Zn, or other suitable 
metal with a thickness < 500 A would be 
deposited on one of the T a20 5 layers to 
fonm the electrode layer. A solid impreg
nant layer, with a thickness <0.5 ~m, 

NASA Tech Briefs, September 1994 

would be deposited on the other T~05 
layer by solution coating. The solid 
impregnant would be a thermoplastic 
polymer with a high dielectric constant 
(e .g., polyurethane). To fabricate a 
capacitor, two pieces of unitary elec
trode/dielectric strip material would be 
wound into a cylinder, which would be 
vacuum-bagged and subjected to high 
isostatic pressure with moderate heat
ing so as to laminate the solid impreg
nant to the adjacent strip without dam
aging the dielectric film. After the lami
nation process, lead wires would be 
attached to the electrodes, and the 
cylindrical winding would be encased in 
a plastic or other suitable material. 

This work was done by Shiao-Ping S. 
Yen of Caltech for NASA's Jet Propul
sion Laboratory. For further informa
tion, write in 95 on the TSP Request 
Card. NPO-18912. 

Metal Electrode 
< soo A Thick 

Amorphous 

!---Ta20 5 
~,',','. ... ',',','.,','.,',' ..•. ','.,' < 1,000 A Thick 
"' ... ','. ... ' .... '.",'.,' ... '" ,'.,,,'. .... ' ','.,' ... '.,','.. .... ','..,','..,','. ... ','.,' 

--- Dielectric Film ',' .... ',','.;f,',',','..,',',,' ... ',' 
',' ... ','..,' .... '. .... ' ,'.. .... ','. .... ','., ... ' ... ' .... ' ','..,'. .. ,/ ..... ','.,'.,'..,',',','.,','.,' 

~Amorphous 
Ta205 

~ < 1,000 A Thick 

Solid Impregnant 
(Thermoplastic Polymer) 
< O.S ~m Thick 

The Improved Electrode/Dielectric Strip, 
shown here in cross section, would include 
layers of amorphous Ta205 to increase break
down strength by suppressing injection of 
charges from the electrodes. The solid im
pregnant would simplify packaging and in
crease packaging efficiency. 



Electronic Systems 

Packaging of Control Circuits in a Robot Arm 
Each section of the arm holds command and drive components. 

Goddard Space Flight Center, Greenbelt, Maryland 

A packaging system houses and con
nects control circuitry mounted on circuit 
boards within the shoulder, upper section, 
and lower section of a seven-degree-of
freedom robot arm. The system has a 
modular design that incorporates surface
mount technology, multilayer circuit boards, 
large-scale integrated circuits, and multi
layer flat cables between the sections for 
compactness. 

To minimize the number of wires in the 
cables between sections and thereby pre
vent the bulk and stiffness of many wires 
from reducing the dexterity of the robot 
arm, the system is designed according to 
the concept of distributed control. Each of 
the three sections of the arm contains cir
cuit boards that implement a central proc
essing unit, brake drive, motor drive, motor 
control, input/output control, analog-signal
acquisition circuit, dual position Ooint-angle) 

L--y----l 

monitoring circuit, analog torque-control 
loop, and power supply (see figure). The 
circuit boards and cables are designed with 
wires and shields arranged in multiple lay
ers according to criteria of electromag
netic compatibility. 

Excluding its edge connectors, each 
circuit board measures 4.95 by 4.72 in. 
(12 .57 by 11 .99 cm) . It includes two 
printed-circuit cards held on the opposite 
faces of an aluminum heat -sink plate. Each 
printed-circuit card contains eight con
ductor layers, interconnected by plated 
through holes. Integrated circuits in lead
less chip carriers are bonded to pads on 
the outer surfaces of the cards. To min
imize stresses at solder joints, the circuit 
cards are made of materials, the coeffi
cients of thermal expansion of which match 
those of the components mounted on 
the cards. The shoulder section holds 9 

Upper Section 
of Arm . Lower Section 

of Arm . 

Shoulder 
Dual Position InpuVOutput 

Control 
Motor 

Control 

Motor 
Control 

circuit boards; the upper section, 12; 
and the lower section, 11 . 

The central processing unit (CPU) in 
each section is rated at 3.2 million in
structions per second (MIPS). Each CPU 
senses positions of joints through induc
tive encoders that provide the 22 bits of 
accuracy required for movements precise 
to 0.001 in. (0.025 mm). Such other para
meters as motor currents and torques are 
sensed through 32 analog input channels. 
Each CPU controls two or three pulse
width-modulated brush less dc motors. 
Brake circuits release brakes on command, 
then reduce power to the level required 
to hold the brakes off. 

This work was done by William Kast of 
Martin Marietta Corp. for Goddard 
Space Flight Center. For further infor
mation, write in 106 on the TSP Request 
Card. GSC-13456. 

• • ••••• 
DETAIL A 

PACKAGING OF CIRCUITRY IN UPPER SECTION OF ARM 

Three Sections of Robot Arm contain ci rcuit modules in the form of standardized circuit boards. Each module contains two printed-circuit 
cards, one on each face. 
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FAST Drive. The servoamplifier so 
sophisticated it seems inaedibly simple. 

FAST Drive is the new fully digital servoamplifier with technology so sophisticated it seems simple. 

The Kollmorgen Motion Technologies Group FAST Drive is flexible and adapts to numerous 

configurations where dedicated hardware was previously required. It controls a broad range of 

motors including brushless and brush type, linear, printed disc, and AC induction. The "Auto

Config" input automatically adjusts to motor type, pole count, feedback type and motor phasing. 

Advanced features are user configurable through the RS-232 serial port. 

Does all this flexibility require compromise? No-FAST Drive will deliver unparal

leled performance due to its extensive tuning capability and advanced communication 

methods. And for most applications FAST Drive costs about the same as dedicated 

hardware that would deliver only a fraction of the capabilities. FAST Drive is a pow

erful, flexible, simple to operate, high value solution. One more way Kollmorgen 

keeps pushing the edge of the envelope in motion control technology. 

KOLLMORGEN 

Motion Technologies Group 
Inland Motor ' Artus ' Industrial Drives ' PMI 

501 First Street, Radford, VA 24141 703.639.9045 TeI/703 .731.4193 Fax 

For More Information Write In No. 523 



Real-Time Reed-8olomon Decoder 
This decoder can correct 16 symbol errors per 255-symbol code block at 80 Mbits/s. 
Goddard Space Flight Center, Greenbelt, Maryland 

A generic Reed-Solomon decoder fast 
enough to correct errors in real time in 
practical applications is designed to be 
implemented in fewer and smaller very
large-scale integrated (VLSI) circuit chips 
than are needed to implement older, non
real-time Reed-Solomon decoders. 
When the generic design is applied to the 
specific case of a standard Reed-Solomon 

code of n = 255 symbols (k = 223 infor
mation symbols + 2t = 32 parity or check 
symbols) per code word, the result is a 
decoder that can correct as many as 16 
errors per code word at a data rate of 80 
MHz. 

The decoder is configured to operate 
in a "pipelined" manner, in which each of 
four successive code words is at a differ-

Accurate 

Position 
feedback 
cylinder 

A complete family of precision position feedback 
cylinders and electronic motor control systems 

The Oi/dyne linear resistance trans
ducer (LRT) and mini-linear resistance 
transducer (MLRT) are uniquely 
designed position-sensitive devices for 
open- or closed-loop circuits. Signal 
input 5 to 50 VDC. Signal output 0 to 
10 VDC. Both can be externally or 
internally mounted in either pneumatic 
or hydraulic cylinders. 

Features: 
• The smallest cylinder envelope 

in the industry 
• Fits 3/4" to 12" cylinder bore sizes 
• A right-angle electronic port exit 
• Stroke lengths in 1/8" increments 

to 130" 
• High temperature transducers 

to 300°F 
• .001 " stroke repeatability 

D O l LD r N E ' ""'0","""""" ,~-_ 
4301 Quebec Ave. N. Minneapolis, MN 55428 (612) 533-1600 Fax: (612) 533-0082 

... putting technology to work worldwide 
C CIC l fl().4070D For More Information Write In No. 412 

Inpu1: Received L Polynomial r-----, 

Error
Magnitude 
Polynomial 

Error
Location 
Polynomial 

The Real-Time Reed-Solomon Encoder 
operates at high speed in a "pipeline" fash
ion. It can be implemented in dense, com
pact VLSI circuitry. 

ent stage of proceSSing. Of course this 
implies that there is a delay as each code 
word propagates along the pipeline, but 
once the pipeline is filled, the overall ef
fect of processing is to decode the code 
words as fast as they are received. The 
latency (the processing delay) is four code
word periods. 

The figure illustrates the major function
al blocks of the decoder. Each received 
code word, representing a polynomial of 
order n - 1, is coupled into the syndrome 
generator, which calculates the 2t syn
dromes of the received polynomial. The 
syndromes are the coefficients of the 
syndrome pOlynomial , which is a mea
sure of the differences between the 
received code word (which could contain 
errors) and the errorless transmitted code 
word. 

The syndromes computed by the syn
drome generator are sent to the Euclid 
divider, which computes an error-magni
tude polynomial. One of the quotients 
computed by the Euclid divider is used 
by the Euclid multiplier in computing an 
error-location polynomial. The error-mag
nitude and error-location polynomials are 
sent to the polynomial solver, which cal
culates the first derivative and the location 
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Advertisement 

Maxwell's mini double-ended capacitors 
have less to offer the laser industry. 

Maxwell's resistors and fuses - for high voltage, 
high current, and high energy 

If you are currently employing ceramic 
capacitors for your laser needs, consider 
Maxwell's line of 5 to 50 kV mini double 
ended capacitor. Maxwell's capacitors 
upply the same energy storage in one-third 

the volume, with fewer components for half 
the cost. Maxwell's mini double-ended 
capacitors provide a better temperature 
coefficient, consistent output, and the high 

frequency characteristics 
that you demand, as well 

as the quality and 
durability you expect 
from Maxwell 
capacitors. To find 
out how you can get 
a Maxwell capacitor 

optimized for your 
application, call our 

sales department. today. 

For FREE data, Circle 572 

Thyratron Ancillary Subsystem 

The Thyratron Ancillary Subsystem (T AS) is 
a modular unit which can be custom 
configured to meet the specific requirements 
of your thyratron switched products. TAS 
includes DC power supplies for the 
thyratron heater and 
re ervoir, 
solid state 
grid drivers 
with or 
without a 
grid bias, and a 
timing synchronization 
circuit. 

For FREE data, Circle 573 

Maxwell is the world leader in the 
design and manufacture of high 
energy, high voltage capacitors. 

From inventory, a wide selection of 
capacitors with ratings from 2-100 k V are 
available for high voltage pulsed applications. 
For rep-rate applications, Maxwell 's industry 
standard, plastic case capacitors offer compact 
designs for high voltage (20-100 kV), low 
inductance applications. 

For FREE data, Circle 574 

The standard line of Maxwell high voltage fuse consists of 
protection devices which act as rapid and reliable circuit-
interrupting and fault limiting component to protect high 

energy, high voltage circuits in industrial electrical 
ystems. 

Maxwell high energy re istors are 
often used in pulse discharge circuits for 
impedance matching or as a protective 
device, uch as controlling the current 

in a capacitor bank. They are 
physically robust, thermally stable 
and chemically inert, making them 

ideal for a wide variety of industrial uses. 

Smal 
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We've made a small 

change in our capacitor 

charging power supply 

line in order to offer you 

3 low-cost, high-quality 

power supply solutions 

for: Ion Implantation . .. . 

... . Plasma Etching . .. . . 

UV Curing . ..... Plasma 

Treatment . ... RF Sources 

... Pulsed and CW Lasers 

... Arclamps .... 

For More Information Write In No. 576 



Spend More 
Time Doing 
Scienceand 
LessTime 
Programming 

IDLlD 

is the only software that 

allows you to program four to ten 

t imes faster* than FORTRAN or c. 
It seamlessly integrates all of your 

scientific computing needs in a 

single package - breathtaking 2D, 

& 3D graphics, powerful number 

crunching, flexible data 1/0 and 

more. It even includes a complete 

GUI toolkit for creating point and 

cl ick applications. And, because IDL 

runs on pes, Macs, Unix and VMS 

workstations you won't have to 

rewri te your code every time you 

change machines. 

Join the elite group of 

more than 20,000 

scientists around the 

world who are saving 

time and money by using IDL. 

Call us for a free demo. 

101- 786-HOG FAX 101-786-9!H)9 

Research Systems, Inc. 
2995 Wilderness Place 

Boulder co 80301 

:::IDL 

• based on a survey of IOL users 

For More Infonnation Write In No. 413 

of the zeros of the error-location polyno
mial. The polynomial solver is coupled to 
the inverse read-only memory (ROM) and 
to the error corrector. The inverse ROM is 
programmed w ith the elements of the 
particular Galois field (a finite field with 
modulo arithmetic) over which the code is 
defined. The inverse ROM is used to find 
the inverse of the first derivative of the 
error-location polynomial. 

The received polynomial is also cou
pled into a first-in/ first-out random-ac
cess memory (FIFO RAM), which is large 
enough to hold four such polynomials. 
The received polynomial is passed from 
the FIFO RAM to the error corrector, 
wherein the received polynomial is cor
rected by the magnitude and location 
information contained in the error-magni
tude polynomial , the error-location poly
nomial, and the inverse of the first deriva
tive of the location polynomial. The cor
rection process involves first multiplying 
the inverse of the first derivative of the 
error- location polynomial by the mag
nitude polynomial, then taking the exclu
sive-OR of the product with the received 
polynomial. 

The corrected polynomial is then sent 
to external circuitry for decoding . If the 

number of erroneous symbols in a code 
word exceeds t, then the errors are un
correctable; in such a case, the informa
tion symbols are passed on unchanged, 
along with a status word that indicates 
the number of errors and the fact that 
they are uncorrectable. 

One of the outstanding aspects of the 
decoder design is that the Euclid multipli
er and divider modules contain Galois
field multipl iers configured as combina
tional-logic cells. These multipliers can 
operate at speeds greater than those of 
older multipliers, in part because no clock 
pulses are needed to toggle data through 
the multiplier circuitry. The cellular config
uration is highly regular and requires very 
little interconnection area, making it 
ideal for implementation in extraordinarily 
dense (and therefore compact) VLSI cir
cuitry. 

A flight electronics single chip version 
of this technology is being implemented 
and will be available. 

This work was done by Gary K. Maki, 
Kelly B. Cameron, and Patrick A. Owsley 
of Idaho Research Foundation, Inc., for 
Goddard Space Flight Center. For fur
ther information, write in 100 on the TSP 
Request Card. GSC-13136. 

Designing an Approximately Balanced 
LOG Compensator 
A low-order controller and estimator would control a flexible 
structure effic iently. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A method of designing an approxi
mately balanced (as defined in subse
quent paragraphs), low-order linear-qua
dratic-Gaussian (LOG) compensator for use 
in feedback control (typically, to suppress 
vibrations) of a flexible structure has been 
devised. As used here, "low-order" refers 
to the order of the mathematical model of 
the compensator, which one seeks to 
make lower than the order of the model 
of the structure to be controlled. The full
order model of a typical structure is too 
large for use in designing a compensator; 
a low-order model that can exert control 
that is less precise but nevertheless 
acceptable according to some quantita
tive criterion is therefore sought for the 
sake of practicality and efficiency. 

A lengthy preliminary discussion to de
fine terms and establish the mathemati
cal background is prerequisite to a de
scription of the method. Please refer to 
the figure for definitions of the relation
ships among the various components 

of the overall system and among the 
design parameters and dynamic vari
ables. The matrices A, B, and C are said 
to constitute a state-space triple of the 
flexible structure. The structure is postu
lated to be controllable and observable, 
with dynamics characterized by N/2 
(where N is even) distinct complex-con
jugate pairs of poles in the complex-fre
quency plane, and the real parts of the 
poles are small. Some aspects of the 
controllability and observability of the 
structure are represented by matrices 
known as the controllability grammian 
(We) and the observability grammian 
(Wo). which are positive definite and 
satiSfy the Lyapunov equations 

AW + W AT + BBT = 0 c c ' 
ATW + W A + CCT = 0 o 0 

The mathematical model of the structure 
is said to be open-loop balanced if its 
controllability and observability grammi
ans are diagonal and equal: 

NASA Tech Briefs, September 1994 



The Compen
sator Is Part of 
the Feedback 
Control Loop 
used to control a 
structure; e.g., to 
aim and to sup
press vibrations 
in a large 
antenna. 

Process Noise Measurement Noise 

T 
Compensator 

x, x : Vectors That Define the Dynamical State of the Structure 
y : Measurement Vector 

w =w =r2r 
CO' 

= diag(Y1'" 'YN), i =1, ... , N 

where Yi > 0 is the ith Hankel singular 
value. (Hankel singular values are singu
lar values of the Hankel matrix that rep
resents the dynamics of the structure.) 

The noises v and w are taken to be 
uncorrelated, where v is the process noise 
with intensity V, and w is measurement 
noise with intensity W: 

V = E(vvT), W = E(wwT), 

E(vwT) = 0, E(v) = 0, and E(w) = 0 

where E() is an expectation operator. W 
can be set equal to the identity matrix (I) 
without loss of generality. The design task 
is to determine the controller gain (Kp) and 
estimator gain (Ke) such that the perfor
mance index J as given by 

J2 = E P XTOX + uTu)dt 
o 

is minimal, where 0 is a positive semi
definite state weight matrix. 

The minimum of Jx is obtained for the 
feedback u = -Kpx, where x is the esti
mator state and the gain matrix 

Kp = BTS 

is obtained from the solution S of the 
controller Riccati equation 

ATS + SA - SBBTS + 0 = 0 

The optimal estimator gain is given by 

Ke = PCT 

where P is the solution of the estimator 
Riccati equation 

AP + PAT - PCTCP + V = 0 

An LOO compensator is balanced if the 
solutions of the above Riccati equations 
are equal and diagonal: S = P = M = 
diag(J.1j), i = 1, ... , n. This completes the 
background discussion and definition of 
terms. 

An LOG compensator as described 
above is an optimal one in the sense of 
minimization of the performance index, 
but the performance can be significantly 
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modified through variations of weight 0 
and variance V. Although V is predeter
mined by the process noise v, it is modi
fied in a search for a more robust solution. 
Specifically, damping of oscillations (in 
addition to tracking control as in aiming 
an antenna) can be obtained by choos
ing a weight large enough that the reso
nance peaks of the closed-loop transfer 
function are flattened, but small enough 
so that the tracking properties are not 
degraded. The determination of the weight 
and covariance is a substantial task, which 
is addressed by the method described be
low. The method also provides for reduc
tion of the order of the compensator in such 
a way as to maintain stability and perform
ance like those of the full-order compen
sator. The solution to this problem is found 
through the approximate balancing of 
controller and estimator Riccati equations. 

The method involves five steps, which 
can be summarized as follows: 
1 . Obtain the open-loop balanced state

space representation of the structure. 
2. Choose matrices 0 and V to obtain the 

required performance (determine either 
through placement of poles, through 
observation of resonant peaks of the 
overall closed-loop system, or through 
the time-domain performance; e.g ., 
step or impulse responses) . 

3 . Obtain the LOG balanced solution, M 
of the controller and estimator Riccati 
equations, along with controller and esti
mator gains. 

4. Form the pole-mobility matrix L from 

L = diag(a1, 0'2"'" an -1' 

an), OJ = Yi2jJ;, and L = r2M 

If some diagonal entries of L are much 
smaller than the remaining ones, truncate 
the estimator states related to these entries. 
5. Verify the stability and performance of 

the reduced-order compensator. 
This work was done by Wodek 

Gawronski of Caltech for NASA's Jet 
Propulsion Laboratory. For further infor
mation, write in 81 on the TSP Request 
Card. NPO-19000. 

ENDEVCO~ 
MINIATURE PRESSURE 

TRANSDUCERS 
Superior Designs, Total Quality 

MODELS 
8510BI 
8530B Actual size 

Ideal for a variety of aerospace, 
automotive, industrial and medical 
pressure measurements where small 
size is required. 

• Absolute, Gage and Differential 
• 1 to 2000 psi Full Scale 
• High Pressure Sensitivity 
• 500 0 F (260 0 C) Option Available 

MODEL 8511A 
Designed for high pressure 
measurements in 
hydraulic systems 
and blast tests. 

• 5000 to 20,000 psi 
Full Scale 

Actual size 

• 500 m V Full Scale Output 
• Wide Frequency Response 
• Rugged Transducer 

MODEL 8515C 
Low profile, ultra-thin 
transducer for 
measuring 
aerodynamic Actual size 

pressures in wind tunnels and 
flight tests . 

. 0.030 inch (0.76 mm) thin 
• 15 to 50 psia Full Scale 
• Internal Temperature 

Compensation 
• Wide Temperature Range 

ENDEVCO, the world's leading 
dynamic instrumentation supplier, 
offers piezoelectric, piezoresistive, 
variable capacitance transducers as 
well as related signal conditioners 
and calibration systems. Call our 
Application Engineers at 
1-800-982-6732 for details. 

IT'MEGGITT ENDEVCO ~ 
~AEROSPACE _ 

30700 Rancho Viejo Rd. 
Sail Juan Capistrano, CA 92675 
Tel: (714) 493-8181 Fax: (714) 661 7231 
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Simplified Digital Subband Coders and Decoders 
In comparison with older coders and decoders, these offer advantages of simplicity and speed. 

Lewis Research Center, Cleveland, Ohio 

Simplified digital subband coders and 
decoders are being developed for use in 
converting digitized samples of source 
signals into compressed and encoded 
forms that maintain the integrity of the 
source signals (or close approximations 
of the source signals) while enabling 
transmission at low data rates. Uke older 
subband coders and decoders, these 
are based on the concept of dividing the 
source signal into frequency subbands, 
within each of which encoding can be 
performed by a method suited to the 
characteristics of the signal data in that 
subband. Examples of such coding 
methods that can be used in the sub
bands include coarse quantization in the 
high-frequency subbands, differential 
coding, predictive coding, vector quan
tization, and entropy or statistical coding. 

The main disadvantage of older sub
band coders is the need to perform fi
nite-impulse-response filtering, which 
necessitates many arithmetic operations 
and relatively complicated circuitry (mul
tipliers and accumulators). Typically, 

older sub band decoders cannot operate 
rapidly enough to process data at rates 
as high as those of video signals. In con
trast , the only arithmet ic operations 
required by the basic principle of opera
tion of the simplified digitized subband 
encoders and decoders are additions 
and subtractions . As a result, these 
encoders are not only simpler (and 
therefore less expensive) but are also 
expected to operate rapidly enough to 
process video signals. 

The main components of a simplified 
digital subband coder and decoder are 
adders, subtractors, buffers, shift registers, 
counters, memories, timing circuits, and 
address-control logic circuits. In one ver
sion of a basic encoder of this type, which 
is equivalent to a Walsh-Hadamard trans
form (see figure), a serial input stream of is 
read into a serial-to-parallel register that 
holds two consecutive samples. The two 
samples are latched and passed on to an 
adder and subtractor for processing; then 
two new samples are read into the serial
to-parallel register. 

The adder and subtractor perform the 
frequency filtering in effect: Inasmuch as 
the sum of the two samples is equivalent 
to an average or smoothed value, the ad
der can be regarded as a low-pass filter. 
Similarly, because the difference between 
the two samples is a measure of the vari
ability of the signal, the subtractor can be 
regarded as a high-pass filter. Because of 
the arithmetic processing, the outputs of 
the adder and subtractor have twice the 
range of the input, necessitating an addi
tional bit in the result. This bit must be 
accommodated for perfect reconstruc
tion of the input data in the decoder, but 
it can be dropped by a shift right, essen
tially dividing by 2, if less-than-perfect 
reconstruction is acceptable. 

At the output terminals of the adder 
and subtractor, the signal has thus been 
split into high- and low-frequency sub
bands. Further splits can be obtained by 
cascading this basic encoding structure 
into a tree structure. Optionally, com
pression coding may be applied to the 
subbands. 
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This Simplified Digital Subband Encoder and Decoder performs simple 
arithmetic operations and simple transfers of data between serial and paral
lel formats. 

In the decoder, the incoming bit 
streams in the subbands are latched into 
registers. The low-band and high-band 
code samples are added to reconstruct 
the first original data sample in a pair, 
then subtracted to reconstruct the sec
ond original data sample in the pair. 
Then the next pair of code samples is 
received, and the process is repeated to 
reconstruct the sequential original data 
samples. The addition and subtraction 
can be accomplished simultaneously by 
use of a separate adder or subtractor as 

shown in the figure, or sequentially by 
use of one adder and changing the sign 
of the high-frequency-band code sample 
to perform the subtraction. 

The most useful concatenation of 
basic simplified digital subband coder 
and decoder circuits is expected to be in 
the form of a two-dimensional, separa
ble filter bank for processing image data. 
In this and other uses, the circuitry can 
be implemented in a variety of serial
and parallel-processing configurations 
and constructed by any of a variety of 

discrete-component or integrated-circuit 
technologies. 

This work was done by Daniel R. 
Glover of Lewis Research Center. For 
further information, write in 13 on the 
TSP Request Card. 

This invention is owned by NASA, and 
a patent application has been filed. In
quiries concerning nonexclusive or ex
clusive license for its commercial devel
opment should be addressed to the 
Patent Counsel, Lewis Research Center, 
(see page 20). Refer to LEW-15310. 

Telel Autonomous Robot for Nuclear Facilities 
Technology from outer-space telerobotics enables safer operation in hazardous terrestrial 
environments. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A fail-safe tele/autonomous robotic 
system is described which makes it 
unnecessary for human technicians to 
enter nuclear-fuel-reprocessing facilities 
and other high-radiation or otherwise 
hazardous industrial environments. The 
system exploits technology from outer
space telerobotics to enable human 
operators to supervise remote robots in 
performing terrestrial repair , mainte
nance, and processing tasks. Features of 
the outer -space telerobotic system that 
are relevant to this development include 
the separation of computing facilities into 
local (operator's control station) and 
remote (workspace) sites, teleoperation, 
autonomous generation of motion in 
robot-joint or Cartesian coordinates, (that 
is, remote control), voice interaction 
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between the operator and the robots, 
shared control between the autono
mously generated motions and operator
controlled teleoperation, and generation 
of coordinated dual-arm trajectories. The 
outer-space telerobotic system has been 
used to carry out such realistic experi
ments as exchanging equipment mod
ules, turning bolts, cleaning surfaces, 
and grappling tuming objects by use of a 
mixture of autonomous actions and tele
operation with either a single arm or two 
cooperating arms. 

The approach taken in developing the 
tele/autonomous robotic system is to 
provide a robust, sophisticated robotic 
control subsystem and a well -integrated 
user interface. The control subsystem is 
capable of fully autonomous operation for 

performing precise and repetitive process 
steps, teleoperation for unusual mainte
nance tasks, and shared control for 
processes that are too complex for either 
fully autonomous operation or pure tele
operation. The prototype tele/autono
mous robotic system (see figure) includes 
a graphical interface for use by an opera
tor in executing tasks robotically, hand 
controllers for teleoperation, a 3-dimen
sional graphical simulator, and robot-con
trol software to drive both the graphical 
simulation and dual 6-degree-of-freedom 
robots to perform tasks using autono
mous, teleoperated, and shared control 
modes. 

The system is divided between the 
local site, where the operator sits, and 
the remote site, where the manipulators 
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The Tele/Autonomous Robotic System is capable of fully autonomous operation, teleoper
alion (direct remote control by the operator), or shared control (a combination of autonomous 
operation and teleoperation). 
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work. The components at the remote site 
are minimized because of the high radia
tion there. For most commercial robots, 
this means that only the robot arms are 
placed at the remote site, with their servo 
controllers placed outside the high-radia
tion workspace. For radiation hardness 
and high reliability, the robot arms should 
be connected to the control subsystem 
via optical fibers. 

This work was done by Paul G. Backes 
of Caltech and Kam S. Tso of SoHaR, 
Inc., for NASA's Jet Propulsion labor
atory. For further information, write in 19 
on the TSP Request Card. NPO-18924. 

P.O. Box 495, MENOMONEE FALLS , WI 53052-0495 
PH: 414-251-9300/ FAX: 414-251-7387 

The system is designed as a hierarchy 
of levels: 

• Operator Level : The top level of the 
hierarchy includes the user interface for 
the operator to exert overall control over 
robotic tasks. The operator can send a 
command to the system to execute the 
task autonomously, operate the hand 
controller to control the robot in teleoper
ation, or choose a combination of both in 
the form of traded and shared control 
mode 

• Task Level : This level accepts task 
commands from the operator and pro
vides task primitives to perform the tasks. 
(A task primitive is a computer program 
that converts the operator's task com
mands into the required trajectory com
mands plus commands that implement 
the appropriate control laws. Experiments 
have shown that very few parameterized 
task primitives are needed to accomplish 
most robotic servicing tasks.) 

• Trajectory Level : This level includes 
a trajectory generator that computes the 
manipulator setpoints required to execute 
the motions requested by the task primi
tives. 

• Servo Level : This lowest level pro
vides servo control of the manipulator
joint pOSitions. It implements a propor
tionallintegraVderivative control loop and 
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Unit Monitors Manchester-Format Data Buses 
A circuit card converts data signals into convenient hexadecimal form for troubleshooting. 

John F. Kennedy Space Center, Florida 

A bus-monitoring unit converts data 
signals from the Manchester II format 
used on the data bus into hexadecimal 
format, which is more convenient for 
troubleshooting. The monitoring circuit 
causes the hexadecimal words to be dis
played on a video terminal, where a test 
engineer can compare them with hexa
decimal records for troubleshooting. The 
circuit can monitor one bus or two buses 
simultaneously. 

The use of the bus-monitoring unit 
measurements replaces a tedious, labor
intensive process in which the test engi
neer connected an oscilloscope to the 
bus, then read the 16-bit Manchester II 
pattern from the screen . Manchester 
code is difficult to read because it con
tains mid-clock-period, signal-level transi
tions that represent O's and 1 'so For 
example, a 1 is represented by a high 
level followed by a low, or a 0 is repre
sented by a low level followed by a high 
within one clock period. The test engineer 
had to read 16 such bits for each word 
and manually record each to convert the 
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Manchester signal to binary. The engineer 
then had to convert from binary to hexa
decimal to obtain data in the proper form. 
As a result, only a handful of words were 
available. With the bus-monitoring unit, 
data for troubleshooting are plentiful. 

The unit can monitor any biphase bus 
that carries data words between 2 and 
28 bits long. The unit is configurable via 
software, with the use of a video terminal. 
The test engineer can configure it to 
monitor one bus or two, to detect or not 
to detect single bit errors, to select parity, 
and, optionally, to capture all data follow
ing a selectable trigger word. 

The unit can capture as many as 1 ,024 
words (i.e. , each 16-bits long or less) 
and store them in first-in, first-out inte
grated-circuit memories. For data words 
greater than 16-bits long, the unit can 
capture as many as 512 words. Two 
identical monitoring circuits - one for 
each of the two buses - are mounted on 
a single VMEbus circuit card, along with 
memory, and interface-logic circuits. An 
extemal commercial VMEbus central-pro
cessing-unit (CPU) circuit card coordi
nates the operation of the unit. It contains 
the necessary firmware and processes 
the data for display on the video terminal. 

This work was done by Jose J. 
Amador of Kennedy Space Center. For 
further information, write in 14 on the 
TSP Request Card. KSC-11617. 
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Approximating Effect of Spherical 
Radiation Pattern 
Adjacent transmitting antennas would be 
excited sequentially with replicas of the same signal. 

Lyndon B. Johnson Space Center, Houston, Texas 

A proposed time-division multiple-ac
cess (TDMA) multichannels radio commu
nication system (see figure) would im
plement a scheme of temporal and spatial 
mu~iplexing of signals to approximate the 
effect of a spherical antenna radiation pat
tern. The scheme relies on repetitively 
transmitting time-compressed replicas of 
each signal epoch from a multiplicity of 
switched antennas having spatially non
overlapping pattems. The same antennas 
would be used for reception during the 
receiving time slots by examining all re
ceived signals simultaneously and either 
(1) selecting the strongest of the received 
signals or (2) employing anyone of a num
ber of classical diversity combining tech
niques for enhanced signal-to-noise ratio. 

In the proposed scheme, the transmit
ting station would be equipped with n an
tennas configured so that the peaks of the 
radiation pattems of some of them would 
overlap the nulls of the radiation pattems 
of others: More specifically, the radiation 
pattems of the n antennas would be de
signed so that if the radiation patterns 
were to be measured when the same 
transmitter signal was applied to one 
antenna at a time, in sequence, and the 
power radiated in each direction then 
averaged over all antennas, the average 
radiation pattem would be approximately 
spherically symmetrical. 

In a base-station transmitting according 
to this scheme, the input information 
waveform to be transmitted would first be 
fed to a time compressor, which would 
generate n replicas of the input waveform 
speeded up by a factor of n. The time
compressed waveform would be used to 
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~ 

modulate the carrier signal. An antenna 
switch synchronized with the t ime 
compressor would direct the transmitted 
power in turn to each antenna, such that 
each would radiate a signal bearing one of 
the speeded-up replicas of the input infor
mation waveform. 

The same base station configured ac
cording to this scheme would receive as 
many as n repetitions of the same infor
mation, the exact number of repetitions 
depending on its position relative to the 
transmitting station. The signal received by 
each antenna would be demodulated sep
arately to recover a version of the speed
ed-up information waveform. One of these 
signals (e.g. , the strongest one) could be 
selected over the others, and the output of 
the corresponding demodulator could be 
processed through a time decompressor 
to recover a version of the information 
waveform. Altematively, a diversity-recep
tion demodulated-signal-combining tech
nique could be used. 

This work was done by Louis Sickles /I 
of Martin Marietta Corp. for Johnson 
Space Center. For further information, 
write in 43 on the TSP Request Card. 

Title to this invention, covered by US. 
Patent No. 5, 194,873, has been waived 
under the provisions of the National Aero
nautics and Space Act [42 US.c. 2457Wl 
Inquiries concerning license for its com
mercial development should be addressed 
to: Office of Patent Counsel; Bldg. 100, 
Room M7211; P. O. Box 8555; Phila
delphia, PA 19101 . 

Refer to MSC-21965, volume and num
ber of this NASA Tech Briefs issue, and 
the page number. 
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sped up by a factor of n 
and transmitted in n repli
cas via n antennas. Dur
ing reception, the incom
ing signal would be 
processed by use of a 
maximum-signal-selec
tion or a diversity-recep
tion demodulated-signal
combining technique. Waveform 
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Thermotile Refrigerators 
Thermoelectric tiles would provide cooling exactly where needed. 

Marshall Space Flight Center, Alabama 

"Thermotile" denotes a proposed mod
ular cooling device (see Figure 1) that 
would include thermally conductive heat
transfer surfaces, a thermoelectric cooling 
device, a temperature sensor, and logic 
and control circuits. Thermotiles have 
been proposed as building blocks for 
refrigerators. The walls of such a refrigera
tor would be lined with thermotiles (see 
Figure 2), which would be supported by 
lattice structures on or near the surfaces 
of thermally insulating layers in the walls. 
Long, thin thermotiles would be mounted 
under door seals to compensate for heat 
lost through the seals. 

Coolant (probably water) would be 
delivered to each thermotile, at a known 
temperature and rate of flow, from a cen
tral heat exchanger. Power from a com
mon dc source would be supplied to all 
the thermotiles. Heat would be transferred 
to the fluid by conduction from the ther
moelectric cooling device on each tile. 
The electronic circuits in each tile would 
be connected to a master controller that 
would provide temperature-control set
tings, perform tests, and monitor the con
sumption of power. The controller would, 
in turn , be connected to a central pro
cessing unit through which one or more 
temperature(s) could be monitored and/or 
controlled. 

The temperature sensor in each ther
motile would detect the local temperature, 
and the logic circuit in the thermotile would 
compare the local temperature with the 
temperature setting provided by the central 
processing unit. Depending on whether the 
local temperature was below or above the 
setting, the control circuit in the thermotile 
would command a proportional decrease 
or increase, respectively, in the current 
supplied to the thermoelectric cooling 
device of the tile. For example, as the local 
temperature decreased toward the set 
temperature, the current would be made 
to decrease until a steady temperature and 
steady corresponding current were 
attained. The precise form of the tempera
ture-vs.-current curve would be program
med into the master controller. Thermotiles 
in a freezer compartment would operate in 
the same manner as those in a refrigerator, 
except that larger constant currents would 
be needed to maintain the lower steady
state temperature. 

Unlike in some conventional refrigera
tors, air would not be the principal cooling 
medium in a thermotile refrigerator . 
Therefore, fans used to circulate air within 
the thermotile refrigerator could be smaller 

82 

Thermally 
Conductive 

Layer 

• , t~lan,t Out 

-_1_" '_1_"', 
1;- I ~ - ;- 1'--.. \ 

..... I ....., -

Temperature 

Logic 
and 
Control 
Circuits 

Sensor Thermally Insulating Substrate 
{e.g .• Plastic or Composite Material} 

Figure 1. A Thermotile would be a modular 
thermoelectric cooling unit that would incor
porate a sensor and electronic circuitry in 
addition to a thermoelectric device. 

than in conventional refrigerators. When 
the refrigerator door was opened , and 
ambient air entered, cooling action would 
increase only at those tiles that were 
warmed by the entering air. Slides for food 
drawers in the refrigerator would be made 
of thermally conductive material, such as 
aluminum, and would be thermally con
nected to the thermotiles . Food in the 
drawers would therefore be cooled by 
conduction through the drawers as well as 
by contact with the cool air circulated by 
the fan(s). Any increase in heat load would 
be handled by the nearest thermotiles. 
Heat released by operation of fan motors 
and by resistive heating in the distribution 
of electric power would add somewhat to 
the heat loads on the thermotiles. 

The thermotile approach could be 
applied to enclosures of various shapes 
and sizes. The same tiles could be used 
in small enclosures with thin insulation or 
in larger enclosures with thick insulation. 
Thermotiles would eliminate the need for 
conventional mechanical refrigeration 
machinery and for the lubricants and the 
chlorofluorocarbons used as working flu
ids in such machinery. Elimination of 
conventional mechanical refrigeration 
machinery would reduce the number of 

Fan 

Thermotile 

-~ Fan 

Coolant 

Insulation Door 

.-------'--1 --'--'U 
Freezer 

Refrigerator 

Central 
Power Supply 

Central 
Controller 

Figure 2. A Thermotile Refrigerator! 
Freezer would be lined with thermotiles 
clipped into supporting lattices. Small fans 
would be used to circulate air in the refriger
ator and freezer compartments. 

moving parts and would almost com
pletely eliminate noise and vibration. In the 
event of failure of a thermotile, the sur
rounding thermotiles would compensate 
by increasing their cooling action, and the 
defective tile could be replaced without 
any need to replace the remaining tiles. 
The data capabilities of a thermotile refrig
eration system could be used for diagno
sis of defects or monitoring local tempera
tures. Thermotiles could be produced by 
automated manufacturing techniques. 
Custom shapes could be molded as 
needed. 

The main problem in the development 
of thermotile refrigerators is to manufac
ture thermoelectric materials that exhibit 
acceptable coefficients of performance. 
Such materials have been demonstrated, 
and efforts to develop them further are 
continuing. 

This work was done by Brian V. Park of 
ILC Space Systems for Marshall Space 
Flight Center. For further information, 
write in 46 on the TSP Request Card. 

Inquiries conceming rights for the com
mercial use of this invention should be 
addressed to the Patent Counsel, 
Marshall Space Flight Center [see page 
20). Refer to MFS-28830. 
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Physical Sciences 

Imaging Domains in Magnetic Garnets by Use of TSMFM 
Resolution is not limited by diffraction as in partly optical techniques. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

Tunneling-stabilized magnetic-force 
microscopy (TSMFM) has been demon
strated to yield images of magnetic do
mains in low-coercivity magnetic garnets 
with perpendicular anisotropy. The ability 
to generate images of domain walls and 
minute vertical Bloch lines should aid the 
study of vertical-Bloch-line magnetic mem
ory devices that contain garnets. Here
tofore, magnetic domains have typically 
been imaged in some cases by deco
rating the surfaces of a specimen with 
ferrofluids and observing the resulting 
patterns optically. In other cases, domains 
have been imaged by use of the mag
neto-optical Faraday effect. These partly 
optical imaging techniques are limited, 
by diffraction, to the depiction of fea
tures no smaller than approximately the 
wavelength of light (about 0.5 ~m). Res
olution finer than this is needed to de
pict the magnetic features of interest in 
research on advanced magnetic mem
ory devices. 

TSMFM can provide the desired reso
lution because its resolution is not limit
ed by diffraction. As shown in Figure 1, 
TSMFM is related to scanning tunneling 
microscopy (STM) , in which electrons 
tunnel quantum mechanically between 
a sharp electrically conductive probe tip 
and the nearby surface of the specimen. 
(The gamet specimen is coated with gold 
to make it electrically conductive.) As in 
STM, a feedback control system with 
piezoelectric actuators strives to main
tain the tunneling current constant, there
by maintaining a constant distance be
tween the probe tip and the surface of 
the specimen. 

Unlike in STM, the probe tip lies at the 
end of a gold-coated nickel cantilever 
spring. The nickel spring, being magne
tic, flexes in response to the force ex
erted on it by the fringing magnetic field 
of the specimen. Therefore, the actua
tor signal developed by the control sys
tem is a measure of the magnetic force 
and the specimen magnetic field in the 
vicinity of the probe tip. 

The cantilever spring probe used to 
demonstrate the concept was made 
by cutting a strip of nickel foil 0.5 ~m 
thick into a sharp triangle. The nickel 
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Figure 1. Tunneling-Stabilized Magnetic-Force Microscopy (TSMFM) is similar to scan
ning tunneling microscopy, except that the probe is a cantilever spring of magnetic materi
al (nickel), and what is measured is primarily the force of the magnetic fringing field of the 
specimen upon the tip. Thus , the TSMFM apparatus generates a map of the fringing mag
netic field near the surface of the specimen. 

probe and the garnet specimen were 
coated with gold about 100 nm thick. 
The average gap between the nickel 
tip and the specimen was maintained 
at about 1 nm, and the average maxi
mum displacement of the tip was 
about 100 nm. 

Figure 2 shows a TSMFM image made 
in the demonstration. It indicates that the 
spatial period of magnetization (approxi
mately twice the width of a magnetic 
stripe indicated in Figure 1) is about 
4 .2±0.42 I-lm . The periodicity and 
shapes of the stripes in this image are 
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consistent with those observed by use 
of ferroftuid decoration and the Faraday 
effect. Furthermore, the spatial period 
of the stripes is consistent with that of 
the fringing magnetic field calculated 
theoretically for garnet. Despite the low 
coercivity of the garnet, the probe tip 
does not appear to have disturbed the 
domain structure of the garnet. 
Furthermore, the magnetization of the 
garnet does not appear to have dis
turbed the tip. 

This work was done by Romney R. 
KaHi, Jiin-Chuan Wu, and Henry L. 
Stadler of Caltech and Paul Rice of the 
National Institute of Standards and 
Technology for NASA's Jet Propulsion 
Laboratory. For further information, 
write in 69 on the TSP Request Card. 
NPO-18726. 

Figure 2 . This TSMFM Image shows 
regions of attraction (light) and repulsion 
(dark) between the probe tip and the speci
men. The general appearance and spatial 
periodiCity of this image are consistent with 
those of images made by other techniques. 

High-Temperature, Oxidation
Resistant Thermocouples 
Aluminum is substituted for rhodium, which is scarce and 
expensive. 

Lewis Research Center, Cleveland, Ohio 

An alternate Pt-type of thermocouple 
gives reproducible readings in an oxidiz
ing atmosphere or in a vacuum. The two 
legs of a thermocouple of this type are 
made of platinum and a platinum/alumi
num alloy, respectively. Heretofore, the 
thermocouples used most commonly at 
temperatures above 1,OOO°C have been 
made with legs of platinum and 87 
weight percent platinum/13 weight per-

200 400 600 

cent rhodium: these thermocouples are 
denoted "type ROO and they perform well 
in hot, oxidizing atmospheres. However, 
rhodium is scarce and expensive at 
about $4,OOO/ounce (about $1.4 x 
105/kg) (1992 prices). The ability of a 
thermocouple of platinum and platinum/ 
aluminum to resist hot oxidation derives 
from a protective scale of aluminum 
oxide on the surface of the platinum/alu-

800 1,000 

Aluminized 
for 1 Hour 

1,200 1,400 

Temperature,OC 

The Electromotive Force Increases With Aluminum Content in the Pt/Alleg of a Pt/(Pt/AI) 
thermocouple. Therefore, wires baked longer in an aluminizing bed produce larger voltages. 
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minum alloy leg. (The platinum leg is inherently resistant to oxi
dation.) 

Platinum/aluminum legs for use in demonstrating the present 
thermocouple concept were made from platinum wires 0.045 
in. (1.1 mm) in diameter. The wires were aluminized by heating 
them for various times (1, 4, and 16 h) at a temperature of 
1 ,OQO°C in a bed of aluminum oxide sand containing 2 percent 
aluminum powder and 2 percent ammonium chloride as an 
activator. During the heating, the platinum wires became 
enriched with aluminum to various degrees and depths that 
depended on the heating times. The pt/AI wires were spot
welded to pt wires to form thermocouples. 

The electromotive force produced by the thermocouples was 
found to depend on the heating times. The thermocouple that 
contained the pt/flJ wire aluminized for 16 h generated 7 mV at 
1,400°C. (A thermocouple of type R generates 16 mV at the 
same temperature.) The thermocouple that contained the pt/AI 
wire aluminized for 4 h produced only 4 mV, but in practice it 
would be preferable to the thermocouple containing the 16-h 
wire because it would be more ductile. The thermocouple that 
contained the wire aluminized for 1 h produced only 0.5 mV -
too low to be practical. The measured electromotive forces of 
these three thermocouples are shown in the figure. 

Thermocouples containing platinum/ aluminum legs can be 
used instead of thermocouples of type R in furnaces, heat 
engines, and chemical reactors. They are especially suited to 
high-velocity oxidizing environments. They could be construct
ed as thin-film sensors on turbine blades and vanes, where pre
oxidation could provide the insulating film needed between the 
thermocouple legs. Because the aluminum content is slowly 
depleted by oxidation, long-term use is recommended only 
where the maximum temperature is 1 ,20QoC or less. 

This work was done by James L. Smialek and Michael A. 
Gedwill of Lewis Research Center. For further information, 
write in 8 on the TSP Request Card. 

This invention has been patented by NASA (U.S. Patent No. 
5,275,670). Inquiries concerning nonexclusive or exclusive 
license for its commercial development should be addressed to 
the Patent Counsel, Lewis Research Center [see page 20j. 
Refer to LEW-15515. 

Gas-Chromatographic 
Determination of Water in 
Freon PCA 
Concentrations in the range of parts per million 
are measured. 

Marshall Space Flight Center, Alabama 

A gas-chromatographic apparatus measures small concentra
tions of water in specimens of Freon PCA (or equivalent). The 
apparatus consists mainly of a gas chromatograph equipped 
with a porous-packed column and a thermal-conductivity detec
tor. The injection port of the gas chromatograph is surrounded 
by a plastic bag purged with high-purity helium to prevent con
densation of moisture on specimen containers and on a syringe 
that is used to inject specimens. The apparatus was devised to 
satisfy a need to inspect commercially obtained lots of Freon 
PCA (or equivalent), the water contents of which were required 
to be no more than 10 parts per million. 

In comparison with two techniques previously used to deter
mine the water contents of Freon PCA specimens - Fourier-
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This Calibration Curve for the chromato
graphic apparatus is a polynomial fit to read
ings on specimens that contained known con
centrations of water as measured by Karl 
Fischer titration. 

transform infrared spectroscopy and Karl 
Fischer titration (see figure) - testing by 
use of this apparatus is faster and pro
vides greater protection against acciden
tal contamination of specimens by water 
in the testing environment. Also, this ap
paratus can be automated for unattend
ed operation. This apparatus can also be 
used to measure the water contents of 
materials, other than Freon PCA, that are 
required to be kept dry or that are re
quired to be characterized with respect to 
moisture content. The innovation could 
be extended to the development of a 
purgeable sampling accessory for gas 
chromatographs; current sampling 
accessories are not equipped to contain 
an inert or dry environment. 

This work was done by Donald M. 
Melton of Martin Marietta for Marshall 
Space Flight Center. For further infor
mation, write in 88 on the TSP Request 
Card. MFS-28905. 

Preventing 
Supercooling 
Of Gallium 
Heterogeneous nucleation 
ensures reproducibi lity 
of crystall ization when gallium 
is cooled below 29 °C. 

Lyndon B. Johnson Space 
Center, Houston, Texas 

The principle of heterogeneous nuclea
tion has been exploited to prevent galli
um from supercooling, thereby enabling 
its use as a heat-storage material that 
crystallizes reproducibly at its freezing or 
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melting temperature of 29 to 30°C. In the original intended 
application, gallium would be used as a heat-storage material 
in gloves of space suits. A potential terrestrial application might 
lie in the preparation of freezing-temperature reference sam
ples for laboratories. The principle of heterogeneous nucle
ation might also be exploited similarly in heat pipes filled with 
sodium. 

Pure liquid gallium does not crystallize reproducibly when it is 
cooled below 29°C; often, the liquid metal can be cooled below 
O°C without inducing crystallization. However, the deliberate 
introduction of a small amount of another metal or metals cre
ates sites for heterogeneous nucleation - that is, nongallium 
sites where gallium crystals can begin to grow. 

In preparation for experiments to test the heterogeneous
nucleation concept, several candidate metals for addition to 
gallium were selected on the basis of crystal type, interfacial 
wetting with liquid gallium, and solubility in liquid gallium. In the 
experiments, these metals were mixed with liquid gallium at a 
temperature of 300°C for 15 min and then mixed for 15 min at 
150°C by use of a laboratory homogenizer. Samples were then 
tested for reproducible crystallization by cycling between 20°C 
and 45°C. The best results (100-percent-reproducible crys
tallization of liquid gallium) were obtained by use of copper, sil
ver, and copper/silver mixtures at 5 to 10 percent by weight in 
liquid gallium. Promising results were also obtained with other 
metals, including germanium, neodymium, and lead. The eval
uation of various metal salts and oxides was also carried out. 
None of the compounds tested yielded reproducible gallium 
crystallization. 

This work was done by Arthur A. Massucco, Hans M. 
Wenghoefer, and Ronnie Wilkins of Arthur D. Little, Inc., for 
Johnson Space Center. No further documentation is avail
able. MSC-22031. 
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Hydrazine-Vapor Samplers 
Lightweight units detect concentrations as low 
as 10 parts per billion. 

John F. Kennedy Space Center, Florida 

A prototype active sampling unit capable of detecting 
hydrazine (HZ) and monomethyl hydrazine (MMH) vapors at 
levels as low as 10 ppb in air has been developed. Like 
hydrazine-vapor-sampling devices described previously in 
NASA Tech Briefs ["Dosimeter Badge Detects Hydrazines" 
(KSC-11556), Vol. 17, No. 12 (December 1993), p. 56], this 
unit is based on the use of paper strips coated with vanillin
based chemicals, which react with HZ and MMH, turning 
yellow to a degree proportional to the concentration of HZ or 
MMH. 

The paper strips used in the sampling unit are coated with 
vanillin (4-hydroxy-3-methoxybenzaldehyde). The coated 
strip is incorporated into a badge sandwiched between two 
cards. Each badge is sealed in a packet to ensure the 
integrity of the hydrazine-sensitive coating until the time of 
use. 

The prototype sampling unit (see Figure 1) includes a 
detachable badge holder and a pump which draws air 
through the badge holder at a selectable rate of 1 or 2 
L/min. The coated strip in each badge is designed to align 
with the air passage in the badge holder. Two types of 
badge holders have been constructed: one has an open
face design for general monitoring of air in open spaces, 
while the other has a closed-face design with a viewing win-
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dow and is intended for sampling through small openings to 
detect leaks. 

In preparation for use, the appropriate badge holder is 
attached to the pump. Next, a badge is removed from its 
packet, inserted, and clamped in the badge holder. Then 
the pump is turned on for an appropriate amount of time 
to take the sample. The recommended sampling time to 
detect concentrations of about 10 parts per billion is 
5 minutes; shorter sampling times can be used at higher 
concentrations. 

After sampling, the badge is removed, and its color is 
compared with the colors on a calibrated estimator - a 
color wheel card preprinted with five shades of yellow that 
correspond to concentrations of HZ and MMH. Using the 
sampler and color wheel, the concentration of HZ or MMH 
can be estimated in the field. For a more precise determina-

Figure 1. The 
Hydrazine-Vapor 
Sampler is a light
weight unit that can be 
carried in the field. 
The badge holder on 
this unit is of the 
open-face design. 
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Figure 2. These Calibration Plots were established using a 
sample rate of 2 Llmin , with color measured 1 min after comp
letion of exposure. 

tion, the exposed badge can be taken back to the laboratory 
for quantitative measurement of its color by a chroma meter 
followed by comparison of the chroma reading with a calibra
tion plot of concentration vs. chroma (see Figure 2). 

This work was done by Rebecca Young of Kennedy 
Space Center and Charles McBrearty, Dan Curran and 
Nilgun Leavitt of I-Net, Inc. For further information, write in 
103 on the TSP Request Card. KSC-11616. 
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Materials 

Synthesis of Ir1_X_yRhXCoySb3 Semiconductors 
Gradient-freeze and sintering techniques have been used. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

Large, good-quality samples of the 
semiconducting compounds IrSb3, 
RhSb3, CoSb3, and Ir1_x_yRhxCoySb3 
have been synthesized. These com
pounds were chosen, via a literature 
search and theoretical considerations, as 
candidate materials for new high-perfor
mance thermoelectric devices [see also 
the companion article, "High-Perform
ance Thermoelectric Semiconductors" 
(NPO-19233)]. 

The figure illustrates the two main 
techniques used in experimental synthe
ses of these compounds. Single-crystal 
ingots of RhSb3 and CoSb3 10 mm long 
and 6 mm in diameter were grown by 
the gradient-freeze technique (also 
known as the directional-solidification or 

Earlier\. 

later ,\. 

Bridgman technique): Nonstoichiometric 
(antimony-rich) compositions of the ele
mental constituents were sealed under 
vacuum in a quartz ampoule, which was 
held vertical and stationary in a Bridgman 
furnace during melting and subsequent 
directional solidification. The axial (verti
cal) temperature gradient was about 
50 °C/cm and the rate of growth was 
about 1 mrnlday. 

The growth of IrSb3 crystals from 
melts is very difficult and can be initiated 
only from within a narrow range of com
positions. It is also difficult to separate 
the liquid and solid phases during crys
tallization. Attempts to grow IrSb3 by the 
gradient-freeze technique failed. How
ever, a liquid-phase-sintering technique 

Upper 
Heater 

proved successful in repairing not only 
IrSb3 but also Ir1_x_yRhxCoySb3 solid 
solutions. In this technique, powders in 
the desired proportions of Ir, Rh, and Co 
were mixed, combined with a stoichio
metric or nonstoichiometric proportion of 
antimony shot, and sealed under vacu
um in a quartz ampoule. Experiments 
showed that heating the ampoule to a 
temperature of 1,000 °C for 24 h yielded 
the best (densest) specimens, which 
contained only the single phase IrSb3 or 
Ir1-x-yRhxC0ySb3· 

It has also been shown that a powder 
of Ir1-x-yRhXCo Sb3 can be made by mix
ing powders ofthe elemental constituents 
in the desired proportions, then sintering 
the mixture for as short a time as 6 h at a 
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Ampoule 

UQUID-PHASE-SINTERING TECHNIQUE 

Furnace 

Ir1_x_yRhxC0ySb3 Semiconductors Have Been Synthesized by gradient-freeze and sintering techniques. The sintering techniques can be 

used for a variety of compositions; the gradient-freeze technique can be used for RhSb3 and CoSb3 . 
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temperature of 600 °c. High rates of diffu
sion are likely to be responsible for com
pletion of the sintering chemical reactions 
in such a short time. The product could be 
doped by including the appropriate pro
portion of dopant powder at the mixing 
stage. The sintered powder can be hot
pressed to form ingots. This process is rel
atively quick and cheap and can be adapt
ed easily to industrial production of large 
quantities of Ir1_x_yRhpoySb3 of various 
compositions and doping levels for the 
development of thermoelectric devices. 

This work was done by Thierry Gail/at, 
Alexander Borshchevsky, and Jean -

Pierre Reuria! of Caltech for NASA's Jet 
Propulsion Laboratory. For further 
information, write in 58 on the TSP 
Request Card. 

In accordance with Public Law 96-
517, the contractor has elected to retain 
title to this invention. Inquiries conceming 
rights for its commercial use should be 
addressed to: William T. Callaghan, 
Manager, Technology Commercializa
tion; JPL-301-350; 4800 Oak Grove 
Drive; Pasadena, CA 91109. 

Refer to NPO-19234, volume and 
number of this NASA Tech Briefs issue, 
and the page number. 
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Modified LaRC™_ 
IA Polyimides 
Glass-transition temperatures 
and resistances to solvents 
are increased_ 

Langley Research Center, 
Hampton, Virginia 

Modified versions of the thermoplastic 
polyimide LaRCTM-IA incorporate various 
amounts of additional, rigid moieties into 
the backbones of the LaRCTM-IA mol
ecules (see figure). In comparison with 
the unmodified LaRCTM-IA, the modified 
versions are more resistant to solvents 
and exhibit higher glass-transition tem
peratures, yet they retain the melt-flow 
processability of unmodified LaRCTM-IA. 
Modified LaRCTM-IA polyimides can be 
prepared in the form of poly(amic acid) 
resins (which must be thermally cured to 
convert them to final polyimide form) or in 
polyimide form as semicrystalline powders 
that exhibit excellent melt flow at temper
atures in the vicinity of 330°C. The combi
nation of melt flow and resistance to sol
vents makes these materials attractive as 
molding powders, spun fibers, and matrix 
resins for many potential applications. 

Unmodified LaRCTM-IA has been syn
thesized from 3,4'-oxydianiline (3,4'-ODA) 
and 4,4'-oxydiphthalic anhydride (4,4'
ODPA) at 15 weight percent solids con
tent in a solution of y-butyrolactone. In 
synthesizing a modified LaRCTM-IA, one 
replaces between 3 and 25 mole percent 
of 4,4'-ODPA with pyromellitic dianhy
dride (PMDA), which has a rigid molecu
lar structure. Alternatively, one replaces 
between 3 and 25 mole percent of 3,4'
aDA with paraphenyldiamine ~-PDA) . The 
solvent can also include glacial acetic acid 
(as a dehydrating agent), or one can use 
N-methylpyrrolidinone instead of y-buty
rolactone. The molecular weight of the 
resulting polyimide is controlled by using 
a slight excess of amine and reacting this 
excess with monofunctional phthalic 
anhydride. 

For example, in one experimental syn
thesis, 25 mole percent of 4,4'-ODPA was 
replaced with PMDA, and 3,4'-ODA was 
present in about 3 mole percent excess. 
The resulting polyimide powder had a 
glass-transition temperature of 233.2°C, a 
melting temperature of 287.0°C, a heat of 
fusion of 24.7 Jig, and a melt viscosity of 
81,464 poises at 330°C. Films made of 
this polyimide exhibited increased re
sistance to solvents. The glass-transition 
temperature increased to 253.3°C after 
curing for 1 h at 371 °C. 
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Modified LaRC™-IA 

Notes: 1. 10Sn S100. 
2. In most repeating units. X denotes nothing; In 3 to 35 

percent of repeating unrts. X denotes. 

o 0 
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or 

In a Molecule of Modif ied LaRC™-IA, 3 to 25 percent of the re
peating units contain extra moieties. 

This work was done by Terry L. St. Clair of Langley 
Research Center, Alice C. Chang and Tan H. Hou of Lockheed 
Engineering & Sciences Co., and Dennis C. Working of 
Analytical Services & Materials, Inc. For further information, 
write in 86 on the TSP Request Card. 

This invention is owned by NASA, and a patent application 
has been filed. Inquiries concerning nonexclusive or exclusive 
license for its commercial development should be addressed to 
the Patent Counsel, Langley Research Center (see page 20). 
Refer to LAR-15083. 

Hydrophobic Porous 
Material Adsorbs Small 
Organic Molecules 
Lightweight organic contaminants could be 
removed from gaseous and vacuum 
environments. 

NASA's Jet Propulsion Laboratory, Pasadena, 
California 

A composite molecular-sieve material has a pore structure 
designed specifically for preferential adsorption of organic mole
cules that have sizes ranging from 3 to 6 A: this design is based 
on the principle that contaminant molecules become strongly 
bound to the surface of an adsorbent when the size of the cont
aminant molecules is nearly the same as that of the pores in the 
adsorbent. The material could be used to remove small organic 
contaminant molecules from vacuum systems or from enclosed 
gaseous environments like closed-loop life-support systems. 

Heretofore, zeolites with pore sizes of the order of 10 A have 
been used in space environments to remove contaminant small 
organic molecules. Although zeolites are effective for this pur
pose, they also take up large amounts of water vapor. Therefore, 
zeolites exposed prematurely to appreciable amounts of mois-
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This Mass-Spectrometer Reading of gases desorbed from the specimen was taken when the temperature of the specimen reached 250°C. 

ture (e.g., by storage in humid air) before 
installation in sorbent beds may take up 
so much water as to lose capacity for 
subsequent adsorption of organiC conta
minants. Other disadvantages of zeolites 

are that they shed particles of themselves 
and that some zeolites are not thermally 
stable at temperatures above 400 °C. 

The present molecular-sieve material is 
expected to adsorb organic molecules 

Lebow* knows torque and force measurement. You 'll find hundreds of 
products available off the shelf. Thousands of designs on file in our 
archives. We can provide "standard except" configurations as well 
as custom designs for transducers, torque sensors, load cells and 
multi-axis sensors. For a short form catalog, call 1-800-338-8099, 
ext. 2040, Fax 810-643-0259, or circle the reader service number below. 

For More Infonnation Write In No. 438 

strongly and not to adsorb water 
because it is a composite of a carbon 
molecular-sieve material and a commer
cial molecular-sieve material (Linde 
Silicalite S-115 or equivalent), both of 
which are hydrophobic and organophilic. 
The composite sorbent material is made 
by (1) crushing 5 parts by weight of the 
Silicalite to a fine powder, (2) mixing the 
powdered Silicalite with 6 parts by weight 
of polyfurfuryl alcohol to a pastelike con
sistency, and (3) pyrolyzing the pastelike 
mixture by heating it in flowing nitrogen, 
gradually increasing the temperature to 
600 °C and then maintaining 600°C for 3 
h. The pyrolyzed material is cooled to 
room temperature in flowing nitrogen and 
stored in a sealed container until it is to 
be used as a sorbent. 

Visual examination and a test of crush 
strength showed that in comparison with 
zeolites and with carbon molecular-sieve 
materials, the composite sorbent is 
stronger and generates less particulates. 
To test its sorbent characteristics, a 
specimen of the composite material was 
exposed to vapors of acetic acid (charac
teristic size less than 4.3 A, molecular 
weight 60 daltons) and phenylacetic acid 
(characteristic size greater than 6.0 A, 
molecular weight 136 daltons). The spec
imen was then heated up to 400°C to 
desorb what had been adsorbed, and 
the resulting emissions were monitored 
with a mass spectrometer. The output of 
the mass spectrometer included a peak 
for acetic acid but not for phenylacetic 
acid (see figure); this is consistent with 
the expectation that the phenylacetic acid 
molecules would not be adsorbed 
because they are too large. 

This work was done by Pramod K. 
Sharma and Gregory S. Hickey of 
Caltech for NASA's Jet Propulsion 
Laboratory. For further information, 
write in 87 on the TSP Request Card. 

In accordance with Public Law 96-517, 
the contractor has elected to retain title to 
this invention. Inquiries concerning rights 
for its commercial use should be 
addressed to William T. Callaghan, 
Manager; Technology Commercialization; 
JPL -301-350; 4800 Oak Grove Drive; 
Pasadena, CA 91109. 

Refer to NPO-19129, volume and 
number of this NASA Tech Briefs issue, 
and the page number. 
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Computer Programs 

COSMIC: Transferring NASA Software 
COSMIC. NASA'S Computer Software Management and Information Center. distributes soft

ware developed with NASA funding to industry. other govemment agencies and academia. 
COSMIC's inventory is updated regularly; new programs are reported in Tech Briefs.For addi

tional information on any of the programs described here. write in the appropriate TSP number. 
If you don't find a program in this issue that meets your needs, call COSMIC directly for a free 

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

COSMIC is part of NASA 's Technology Transfer Network. 

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

~ Electronic Components 
~ and Circuits 

Scattering From a Thick 
Dichroic Microwave 
Reflector 
An integral equation is trans
formed into a matrix equation, 
which is then solved. 

The Thick Frequency Selective 
Surface with Rectangular Apertures 
(TFSSRA) computer program was devel
oped to calculate the scattering parame
ters of a thick frequency-selective sur
face with rectangular apertures on a 
skew grid at an oblique angle of inci
dence. ("Frequency-selective surface" 
denotes a reflector, usually intended for 
use with microwaves, that consists of a 
sheet of electrically conductive material 
interrupted by gaps and/or apertures in 
a pattern that imparts frequency selec
tivity .) In TFSSRA, the method of 
moments is used to transform an inte
gral equation into a matrix equation suit
able for evaluation on a digital computer. 
TFSSRA predicts the reflection and 
transmission characteristics of a thick 
frequency-selective surface for both 
transverse electric (TE) and transverse 
magnetic (TM) orthogonal linearly polar
ized waves. 

A mathematical model of a half
space infinite array is used in the analy
sis. A complete set of basis functions 

102 

with unknown coefficients is developed 
for the waveguide region (wave
guide modes) and for the free-space 
region (Floquet modes) in order to rep
resent the electromagnetic fields. To 
ensure the convergence of the solu
tions, the number of waveguide modes 
is adjustable. 

The method of moments is used to 
compute the unknown coefficients of the 
modes. Then the scattering matrix of the 
half-space infinite array is calculated. 
Next, the reference plane of the scatter
ing matrix is moved half a plate thick
ness in the -z direction, and a frequency
selective surface of finite thickness is 
synthesized by positioning two plates of 
half thickness back to back. The total 
scattering matrix is obtained by cascad
ing the scattering matrices of the two 
half-space infinite arrays. 

TFSSRA is written in FORTRAN 77 
with single precision. It has been suc
cessfully implemented on a Sun4-series 
computer running SunOS, an IBM-PC
compatible computer running MS-DOS, 
and a Cray computer running UNICOS; 
with slight modifications, it should also 
run on other computers. Double preci
sion is recommended for running on a 
PC if many modes are used or if high 
accuracy is needed. This software pack
age requires the UNPACK math library, 
which is included. TFSSRA requires 
1 MB of random-access memory for exe
cution. The standard distribution medi
um for this program is one 5.25-in . 
(13.335-cm). 360K diskette in MS-DOS 
format. It is also available on a O.25-in. 
(6.35-mm) streaming-mag netic-tape 
cartridge (Sun QIC-24) in UNIX tar for
mat. This program was developed in 
1992 and is a copyrighted work with all 
copyright vested in NASA. 

This program was written by 
Jacqueline C. Chen of Ca/tech for 
NASA's Jet Propulsion Laboratory. 
For further information, write in 82 on 
the TSP Request Card. NPO-18806. 

COSMlc® -
John A Gibson, Director 
Phone [706) 542-3265; 

FAX [706) 542-4807 
The University of Georgia, 

382 East Broad Street, 
Athens, Georgia 30602 

o Mechanics 

Eliminating Computational 
Instability in Multibody 
Simulations 
1WOBODY implements 
an improved version of the 
Lagrange multiplier method. 

The Lagrange multiplier method has 
been used for many years by engineers 
to develop equations of motion in multi
body problems. The use of Lagrange 
multipliers offers an advantage over 
some other formulations in that it pre
serves the original simple form of the 
equations of motion for each body. 
However, in typical simulations of time
varying dynamics by use of Lagrange 
multipliers, computational instabilities can 
occur because integration errors cause 
two (or more) attached bodies to drift 
apart and violate the constraints. The 
computational instability usually happens 
suddenly, and the computed values 
"blow up" within a few time steps. 

The TWO BODY computer program util
izes a programming technique that elimi
nates computational instability in mul
tibody simulations in which Lagrange 
multipliers are used. In this technique, one 
uses the constraint equations, instead of 
integration, to determine the coordinates 
that are not independent. To illustrate 
the technique, TWOBODY includes a 
simple mathematical model of a solid 
rocket booster and a parachute con
nected by a frictionless swivel. 

TWOBODY is written in FORTRAN 77 
for IBM PC-series and compatible com
puters running MS-DOS. It requires 100K 
of random-access memory for execution. 
A sample executable code is included 
with the distribution medium. The stand-
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MODULAR DC-DC CONVERTERS 
WITH SINGLE, DUAL OR TRIPLE OUTPUTS 

These STANDARD DC-DC converters offer up to 20 
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• Radiation Hardened 
• Tight Regulation: to 1 % 
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• Input to Output Isolation: 1 megohm 
• On/Off from command line 
• Reverse Polarity Protection 

Depend on FEI ... send for 
specifications today 

FREQUENCY ELECTRONICS, INC. 
55 Charles Lindbergh Blvd., Mitchel Field, NY 11553 
516-794-4500· FAX: 516-794-4340 
For More Information Write In No. 623 
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For More Information Write In No. 439 

ard distribution medium for this program 
is one 5.25-in. (13.34-cm), 360K, MS
DOS-format diskette. The program was 
developed on a 486/033 workstation 
with Ipi FORTRAN in 1992. 

This program was written by Gaines L. 
Watts of Marshall Space Flight Cen
ter. For further information, write in 15 
on the TSP Request Card. MFS-2B774. 

Physical Sciences 

Computing Temperatures 
and Pressures Along Heat 
Pipes 
Given boundary conditions, 
LERCHP models steady-state 
thermal behavior. 

The NASA Lewis Research Center 
Heat Pipe (LERCHP) computer code 
was developed to predict the perfor
mances of heat pipes in the steady 
state. LERCHP can be used as a design 
software tool on a personal computer 
or, with a suitable calling routine, as a 
subroutine for a mainframe-computer 
radiator code. For accurate mathemati
cal modeling of heat pipes, LERCHP 
makes a variety of wick structures avail
able to the user; optionally, the user can 
specify wick structures via input data. 
The user can also choose among sever
al working fluids, including potassium, 
sodium , and lithium , for which the 
monomer/dimer equilibrium is consid
ered. A vapor-flow algorithm in the pro
gram treats compressibility and axially 
varying heat input. LERCHP also facil i
tates the determination of heat-pipe 
operating temperatures and heat-pipe 
limits that may be encountered at the 
specified heat input and environmental 
temperature. 

LERCH P has been written for 
straight, cylindrical heat pipes that have 
no bends. Simple modification to non
circular cross sections could be 
achieved by use of the hydraulic-radius 
approach , but this feature is not cur
rently implemented. Curvature without 
sharp bends is permissible. The pro
gram accounts for operation of straight 
pipes in gravitational fields but does not 
provide for modeling of thermosyphons. 

Heat pipes with multiple evaporators, 
condensers, and adiabatic sections in 
series and with wick structures that dif
fer among sections can be modeled by 
LERCHP. A heat pipe can be subdivid
ed into as many as 20 sections, far 
more than will normally be required . 

These sections can be heat-input or 
evaporator sections, adiabatic sections, 
and heat-removal or condenser sec
tions, mixed in any manner, provided 
that the first section is a heat -input sec
tion. 

The nature of any section is indicated 
by the type of boundary condition data 
that are entered for that section. At pre
sent, the following options for boundary 
conditions are available: (1 ) specified 
heat-input or removal rate at the exterior 
surface of the pipe and (2) specified 
temperature of the environment outside 
the pipe, with conditions for the transfer 
of heat from the surface of the pipe to 
the environment provided by the user. 

For each section, the required data 
can be entered as single values that 
pertain to the entire section. Values of 
the input parameters can also be 
entered at as many as 20 pOints spaced 
along the section, with a different mag
nitude at each point , interpolated by 
spline fit. Computations along the pipe 
are made by a Runge-Kutta routine for 
which the initial step size is chosen , with 
automatic decrease or increase as the 
slope of the principal dependent vari
able, pressure, exceeds or falls below 
certain bounds . Data are entered by 
means of an interactive subroutine that 
queries the user concerning the options 
to be employed in the case to be run. 

The printed output consists of such 
information as liquid and vapor pres
sures and temperatures at axial posi
tions spaced equally along the pipe. 
LERCHP allows the user to select the 
number of such points . The spacing 
of these points need not correspond 
with the step size chosen for the 
Runge-Kutta solution. A printout is 
furnished after thermal convergence 
of the solution has been obtained . 
When a heat-pipe limit is encountered 
during calculation of the solution , but 
does not cause the calculation to halt, 
the type of limit is printed out with the 
solution. Output can be directed to a 
plotting device if a suitable plotting 
utility program is available and the 
necessary changes are made in the 
source code. 

LERCHP is written in FORTRAN 77 
for IBM PC-series and compatible com
puters running MS-DOS. The standard 
distribution medium for this program is 
one 5.25-in . (13 .34 cm), 360K MS
DOS-format diskette . LERCHP was 
developed in 1992. 

This program was written by K. W. 
Faker and T. S. Marks of Lewis 
Research Center and L. K. Tower of 
Sverdrup Technology, Inc. For further 
information, write in 93 on the TSP 
Request Card. LEIN-15625. 
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New! Electrical 
Engineering Pack 
"A Must for Electrical Engineers " 

Call1-BOO-441-MATH 

OTHER SYSTEMS 
CAN GET You ONLY So FAR. • • 

..... --

Engineers and scientists who start 
with other technical soft
ware programs soon 
reach a point they can't 
get past. The project isn't 
finished, but the software 
is. What can they do then 
but buy and learn yet an
other program for the next 
leg of the project, or return 
to pencil and paper to fin
ish it out. 

Fortunately, many engi
neers and scientists start 
with Mathematica. And 
they just keep going. 

Mathematica helps them 
past the standard calcula

Only Mathematica notebooks enable users to create interactive documents 
combining text. live formulas, and graphics that can be modified within the 
document at any time and easily organized into a hierarchical outline. 

tions, and on to the more complex. 
Thousands of algorithms are at their 
fingertips to help them solve all kinds 
of technical problems. And nearly a 
hundred special-purpose packages are 
included free with Mathematica to 
take you even further . Add to that a 
revolutionary user interface, graphical 

abilities beyond comparison, and a 
symbolic programming language that 
makes it unprecedentedly easy to 
translate ideas into programs-and 
your possibilities are endless. 

The award-winning guide that comes 
with the program gets you started 

For Mor. Inform.tlon Writ. In No. 530 

quickly and easily. For even more 
support, you can always turn to one 
of the over 50 Math ematica-related 
books , tutorials, and journals, or 
call on one of our user support 

staff for personal assistance . 
So you see, Mathematica is the 
comp lete system that never 
leaves you stranded. 

To get the latest information call: 

1-800-441-MATH 
(us., Canada) 

Wolfram Research 
Wolfram Resaarch, lnc. 
+1·217·398-0700; fax: +1 ·217·398-0747, email lnfoCwri.com 

For European InqUiries 
Wolfram Research Europe ltd. 
+44-{0)1993-003400; fax: +44-{0)1993-883800 
email: mfo-euro41Jwri.com 

Representatives in over 40 countries, contact main offices 



Mechanics 

Array of Probes to Measure Static Pressure and Turbulence 
Shapes and arrangements are chosen to emphasize desired components of fluctuating 
pressures. 

Ames Research Center, Moffett Field, California 

Rakelike arrays of tubular pressure 
probes can compute the time-averaged 
static pressures and, in some cases, the 
time-averaged intensities of cross-stream 
turbulence of incompressible (or, equiva
lently, low-subsonic), inviscid flows. The 
probes in those arrays are descendants of 
the Pilot and Prandtl tubular pressure 
probes shaped to obtain specified direc
tional responses. 

It is assumed that a tubular probe of the 
type in question is oriented along the 
streamwise (K) direction of time-averaged 
flow. The static-pressure orifices are locat
ed on the sides of the probe downstream 
from the tip. The application of potential
flow theory to the flow in the vicinity of the 
probe shows that the time-averaged pres
sure measured at each static-pressure ori
fice is really a dynamic pressure that con
sists of the static pressure plus terms pro
portional to the time-averaged squares of 
the fluctuating (turbulent) cross-stream (y 
and z) components of velOCity. 

The shape of the cross section of the 
probe (as viewed along the x axis) and the 
distribution of orifices around the circum
ference of the cross section affect the 
constants of proportionality; they can be 
chosen by design to obtain a specified 
degree of enhancement of the measure
ment sensitivity to a specified component 
of the crossflow. For example, if the probe 
tube has an elliptical cross section and ori
fices are located on the major axis of the 
ellipse, then the pressured measured at 
the orifices are enhanced by an amount 
proportional to the square of the ellipticity 
and to the square of the component of 
velocity along the minor axis. 

The directional responses of three differ
ent static-pressure probes can be 
designed so that when the probes can be 
designed so that when the probes are 
mounted in an array (see upper part of fig
ure) to sample the same flow, their outputs 
can be combined mathematically to elimi
nate the unknown quantities and compute 
the time-averaged static pressure. The 
validity of the design of the array and of 
combination of measurements depends 
on the following simplifying assumptions: 

106 
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Probe of 
Circular 
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Static· Pressure 
Probes of 
Elliptical 

Cross Section 

ARRAY FOR MEASUREMENT OF STATIC PRESSURE 

Total·Pressure Probe 
(All Components 
of Velocity) 

Total·Presssure 
~~~ Probe (Streamwlse 

Component Only) 

Statlc·Pressure 
Probe of Circular 
Cross Section 

ARRAY FOR MEASUREMENT OF TOTAL AND STATIC PRESSURES 

Arrays of Pressure Probes are designed with cross sections and orifices that impart speci
fied directional responses to dynamic pressures, such that one can extract the time-averaged 
static pressure from the measurements. 

NASA Tech Briefs, September 1994 



Metal drawlatches 

How to draw and hold 
two panels together. 

-'Zi' 

(€iSOUTHCd 
~, Latches and Access Hardware 

Southco can help satisfy your design require
ments with hundreds of drawlatch options in a 
wide range of materials, sizes, finishes, colot'S, 
and tyles. 

In fact, there's probably a standard Southco 
drawlatch waiting to help solve your need to 
• provide positive latching • tolerate 
misalignment • resist corrosion • with
stand UV • absorb vibration • cushion 
impact • offer a low profile • resist 
tampering • reduce heat transfer 

SOUTIiCO, INC. 

• adjust quickly. reduce rattles. 
Southco designs and manufactures a full line of 

latches and access hardware, offering value-added 
support such as • CAD library files to facili
tate your design efforts • factory-trained 
field sales and engineering service - at 
your service I • product modifications 
and custom design expertise to provide 
precisely the solutions you want 

For more information, or help with satisfying 
your application needs, contact Southco. 

Brinton Lake Road • Concordville, PA 19331 • TEL: 610-459-4000 • FAX: 610-358-6314 

Circle No. 560 Call me. I'm interested. 
Circle No. 561 Send information only. 



ELECTRICAL 
CONDUCnVE 
ADHESIVES 

Designed To Your 
Specifications 

• High conductivity 
• Thermal shock resistant 
• Durable, high strength bonds 
• Water and chemical resistant 
• Convenient packaging 
• Long storage 

stability without 
refrigeration 

• Repairability 

the probes remained aligned along the 
time-averaged streamwise direction; the 
time-averaged characteristics of the flow 
do not vary appreciably from the location 
of one probe to the location of another 
probe; and no probe significantly perturbs 
the flow in the vicinity of the orifices of 
another probe. 

One can also obtain redundant mea
surements to verify the accuracy and con
sistency of the foregoing determination of 
static pressure: These measurements can 
be made with a three-probe array (see 
lower part of figure) that includes a static
pressure probe of circular cross section 
plus two total-head probes that yield data 
on the cross-stream turbulence. A larger 

array consisting of both of the preceding 
arrays could be used to obtain redundant 
values of the time-averaged static pres
sure and cross-stream turbulence, plus 
t ime-averaged values of the streamwise 
and entire stagnation pressures. 

This work was done by Vernon J. 
Rossow of Ames Research Center. For 
further information, write in 6 on the TSP 
Request Card. 

This invention owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent 
Counsel, Ames Research Center {see 
page 20j. Refer to ARC-12973. 

Acoustic Diagnosis of Faulty 
Dynamic-Pressure Sensors 
A new use for a particle-impact-noise detector is found. 

Marshall Space Flight Center, Alabama 

For More Information Write In No. 440 

Dynamic-pressure sensors and accel
erometers that tend to produce spurious 
readings can be identified with the help of 
a particle-impact-noise detector (PIND), a 
device that is used in the electronics and 

packaging industries to detect loose parti
cles inside components. A PIND includes 
an acoustic-emission sensor integral with 
a vibration head. The pressure sensor, 
accelerometer, or other unit to be tested 
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"VisSim [1.2] is powelful. 
RECOMMENDED." 

Jerry Pournelle 
BYTE Magazine 
January, 1994 

¥ -Sim i the mo t powerful imulation software for modeling the behavior of complex, 

nonlinear systems. like indu trial proce e. ervo y tern , and drive y tern . Its ad anced 

visual interface lets you build ystem model more ea ily, honen de ign cycle, and reduce 

prototyping co t . Your learning time i minimal. 

Vi Sim run on MSIWindow "', MSIWindow T'~, and Unix~/X ' , platforms. 
For 
a free 
working 

Call today and ee how Vi Sim can help olve your problems. 

demo, call 
508/392-0100. 

VisSlm companion software includes VlsSirnlAnalyze ", VisSIrn/C-Code' " 
VisSirnlNeural-Net"', and VisSirnlRT'". 
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is mounted on the head. The PIND then produces a programmed 
series of vibrations and/or shocks: impacts of loose particles 
inside the unit under test are detected by the acoustic-emission 
sensor, the output of which is displayed on an oscilloscope. 

Usually, a unit to be tested is mounted on the PIND in three dif
ferent orientations and subjected to the complete series of vibra
tions and/or shocks in each orientation. A test series typically 
includes vibrations with amplitudes of 5 and 10 times normal 
gravitational acceleration, frequencies of 40 and 100Hz, and one 
or more shock(s) at 200 times normal gravitational accelerations. 
Each combination of amplitude and frequency is typically main
tained for 6 s. 

This work was done by Martha P. Willis and Jon B. Tracy of 
Rockvvell/ntemationai Corp. for Marshall Space Flight Center. 
For further information, write in 102 on the TSP Request Card. 
MFS-29982. 

Streaks of Colored Water 
Indicate Surface Airflows 
Response is faster and contamination is less 
than in the oil-flow technique. 

Langley Research Center, Hampton, Virginia 

Flowing colored water provides an accurate and clean way 
to reveal flows of air on the surfaces of models in wind tun
nels. The colored water flows from small orifices in a model, 
forming streak lines under the influence of the air streaming 
over the surface of the model. 

The flowing-colored-water technique has important advan
tages over the older oil-flow technique, in which the model is 
coated with colored or fluorescent oil. The oil tends to conta
minate downstream instrumentation as it is blown off the 
model. Tests may have to be interrupted periodically to 
replace the lost oil. Moreover, because oil is highly viscous, it 
responds slowly to aerodynamic changes. Colored water, in 
contrast, is relatively noncontaminating and responds quickly. 
Furthermore, the water is replenished continuously through 
the orifices. {In many cases, the low pressure on the surface 
draws the water. However, the water containers can be pres
surized where necessary.) In another older technique, short 
pieces of string or yarn are glued or taped to the surface of the 
model. The tufting reveals airflow patterns in only a coarse 

Flow --
Vailla for Aegulallng Aate 
of Flow of Colored Water 

Shuloff Valve 

Valve for switching Cofored 
Water, Clear Water, or Air 

To Flow Through Tubes 

Figure 1. Colored Water Flows from orifices on the surface of the 
model. 
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OLIO STATE IS OUR BUSINESS 

Our Solid State Relays 
Are Solid In Every Way 

25 years of solid state relay experience---eommercial/industrial expe
rience since 1968. All of our products contain that know-how. Our 
price/performance ratios are better than ever. Here is an example: 

The C45 eries of solid state ac relays are optically isolated to 4000 
Vrm . The units contain back -to-back photo SCRs and a zero crossing 
circuit developed by Teledyne. The tight zero switch window ensures 
reliable transient free switching of AC loads and very low EMI and 
noise generation. The optical isolation of control from output affords 
noise free power switching. This series can switch from 10 rna to 1.0 
amp rms at 250 Vrms. The C45 is packaged in a low profile 16 pin 
DIP package. 

~TELEDYNE 
ELECTRONIC TECHNOLOGIES 
SOLID STATE RELAYS 

Home Office, 12964 Panama Street, Los Angeles, CA 90066-6534 
Telephone: 310-577-3825 • FAX: 310-574-2015 

OVERSEAS: GERMANY: (0611) 7636-143; ENGLAND: (081) 571-9596; 
BELGIUM : (02) 717-52-52; JAPAN: (03) 3797-6956. 
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PRECISION X-Y TABLES 
• Single axis 
• Muhi-Axis 
• Rotary 
• Air Bearings 

• Vacuum Compatible 
• Stepper/Servo Controh 
• Complete System Design 

and Integration 

~ new england affiliated technologies 
LII 1-800-227-1066 Fax: 1-800-523-8201 
neat 

SOLUTIONS FOR A WORLD IN MOTION 
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Lockheed leads. 

Tony and Emma Vargo of VIP Mfg. & Engr. Corp., 
with a Trident missile snubber plate and another 
missile actuator housing assembly. 

Lockheed's best partners 
come in all sizes. 

Last year, Lockheed awarded in excess of $174 mill ion in business 
to small companies like VIP Mfg. & Engr. Corp., a high technology firm that 
fabricates precision machined parts and assemblies for Lockheed's Trident 
Missile program. Theirs is just one example of the many contributions made 
to Lockheed by minority-owned subcontractors. 

Lockheed takes special pride in its ongoing relationship with 
minority-owned small businesses. Their contributions reinforce Lockheed's 
position as America's premier aerospace company. 

~lockheed 
25 years of minority subcontracting. 

For More Information Write In No. 532 



way, and gives no indication of merging airflows. In addition, 
tufting can be stripped off by sliding surfaces on the airfoil. 
Colored water, on the other hand, shows details of flow 
(including merges) , and neither causes nor is subject to 
mechanical interference. 

Colored water is easily visible on a white model, and the 
streaks that represent the airflow pattem can be captured by 
still or motion photography. Water can be injected in different 
colors at various locations so that airpaths can be discerned 
and merging airflows can be Identified. For example, surface 
flows from two different regions, indicated by blue and yellow 
streaks, can merge to form a green vortex. 

The water, which is tinted with ordinary food coloring, is fed 
from containers through valves and tubes to the orifices (see 
Figure 1). An operator can adjust the valves to turn the flows 
on and off, control the rates of flow, and switch among col
ored water, clear water, and air. 

The flowing-colored-water technique was demonstrated in a 
wind tunnel at supersonic speeds on a model that consisted 
of a cavity in a flat plate. Colored water was ejected through 
orifices inside the cavity and on the flat plate. Surface flow 
patterns were photographed at mach numbers of 1.5 and 2.16 
(see Figure 2) while the length of the cavity was varied. 

This work was done by Floyd J. Wilcox, Jr., of Langley 
Research Center. For further information, write in 70 on the 
TSP Request Card. 

Inquiries concerning rights for the commercial use of this 
invention should be addressed to the Patent Counsel, Langley 
Research Center {see page 20}. Refer to LAR-14823. 

Figure 2. Streaks Made by Colored Water reveal airflow patterns 
on the surface and in the cavity of the flat-plate model. 
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HIGH VACUUM X-Y STAGES 
Outgassing rates < 1 X 1 O's tarr~ilen/sec./axis 

Single axis, X·Y, rotary, and d-axls 
Resolution and repeaiGbiflfy to 0.1 niaon 

Travels from 1· to 30" (2.5 to 7 San 

New England Affiliated Technologies now offers 
high vacuum positioning stages. Available in a wide 
range of axis configurations and travels, our stages 
are specifically designed for operation in vacuums 
as high as 1 x J()'7 ton: 

Fabricated from electroless nickel plated 
aluminum, these stages feature stainless steel 
leadscrews, anti-backlash nuts, precision ball or 
crossed-roller ways, and high-vacuum linear 
encoders. Special vacuum compatible design 
rules are followed, including venting of all 
cavities and fasteners, as well as the use of 
fluxless solder, teflon wire insulation, 
Braycote 602 lubricant, and high
vacuum stepping motors. 

A three stage cleaning process and 
nylon-gloved assembly further ensure 
low outgassing rates. For full materials 
and procedure lists, please contact our 
Engineering staff with your application 
reqUirements. 

g new england affiliated technologies 
!til Phone:1-800-227-1066 Fax:1-800-523-8201 

neat 
SOLUTIONS fOR A WORLD IN MOTION 
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Introducing 1995 
Cryogenic Temperature 

Measurement & Control 
Product Catalog & 

Reference Guide 

Lake Shore's new 
1995 catalog 

features cryogenic 
temperature, pressure, 

and level sensors, 
temperature and level 

controllers and monitors, 
cryogenic accessories, 

and more. This easy-to-use 
catalog includes product 

specifications, installation 
notes, and detailed reference 

material to assist in 
determining the correct sensor 
and control instrumentation for 

your specific application. A 
second catalog highlighting Lake 

Shore's line of magnetic 
measurement instrumentation and system 

products, will be available in early 1995. 

·~ .. LakeShore® 
Measurement and Control Technologies 
Lake Shore Cryotronics, Inc. 
64 East Walnut Street. Westerville, Ohio 43081 
Tel: (614) 891-2243. Fax: (614) 891-1392 

© 9/94 Lake Shore Cryotronics. Inc. M2 (4YOO3A 
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Dashpot Damps Oscillations 
in Check Valve 
Less oscillation means less wear and longer 
service life. 

Lyndon B. Johnson Space Center, Houston, 
Texas 

The operation of a check valve has been improved by 
redesigning the poppet and adding two new components: a 
dashpot and a dashpot ring between the dashpot and the pop
pet. These modifications eliminate the self-sustaining poppet 
oscillations that cause premature wear and jamming of the pop
pet mechanism. Check valves that would normally last for years 
can be ruined in a few hours by oscillations. Moreover, the wear 
generates particles that contaminate downstream components. 

The redesigned poppet includes a nosepiece that rides in the 
dashpot (see figure). Fluid forced in and out of the dashpot must 
flow along a tortuous path between the dash pot ring and a 
groove in the nosepiece. The flow resistance offered by the path 
creates a differential pressure between fluid in the dashpot cavity 
and the fluid surrounding the poppet. This difference decelerates 
the poppet as it moves toward either the closed or the open 
position and thus tends to damp out oscillations. 

Flow -

Row -

on 

The Oashpot Ring is held by friction in the dashpot and fits loosely 
in the groove of the nosepiece of the redesigned poppet. The pop
pet compresses fluid in the dashpot cavity as it opens and draws 
fluid into this cavity as it closes. 
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NEW! Compact 
Noncontact Temperature 
Measurement Systems 
• New ThermalertW 30 monitor fits in 1/4 DIN panel space 
• Fast response, large bright display, DC or 110/220 VAC available 
• Designed to be used with any Raytek Thermalert sensing head 

in a wide variety of applications: 0 to 3000'C (0 to 5400' F) 
• Thermocouple or Current outpu~ with simultaneous RS232 output 

For free literature or to arrange a demo fast, call our Laser Hotline: 

800·227·8074 
In the USA am Canada. 
others call 408-458-1110 

II Raytek® 
1201 Shaffer Roar. Box 1820 
Santa Cruz. CA 95061-1820 

FAX 408-458-1239 

For More Infonnation Write In No. 446 

CUSTOM POSITIONING 
SYSTEMS 

n eat provides 

- Complete Electro/Mechanical Systems 
Design, Manufacturing & Integration 

-Interferometer Feedback Systems to A/256 
- High Vacuum & Machine Vision Systems 
- Custom Air Bearings with Speeds to 80 I,P.S. 
- Fully Automated CAD/CAM Machining Facility 
- 20 Years of Cost Effective Solutions 

High Speed Air Bearings 

Send for our FREE 
1994 Catalog 

Inspection Systems 

High Vacuum Systems 

!JIJl new england affiliated technologies 
LII 1-800-227-1066 Fax: 1-800-523-8201 
neat 

SOLUTIONS FOR A WORLD IN MOTION 
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NIGHT HAWK®REAL-TiME COMPUTERS 
In time-critical, event-driven applications, the speed 

and processIng power of a real-time computer are 
vital. Lost microseconds can make the difference 
between the success and failure of your application. 

Night Hawks deliver speed, determinism and 
stringent real-time functionality. And 

interrupt response times of only 
I 6 iJsec Designed specifically for 
efficient development and 
streamlined real-time execution, 
our family of real-tIme, multi
processing computers assures 
the response your time-critical 

applications demand in a space 
or weather emergency, during a 

military assaulr. in the acquisition of 
critical satellIte, radar or telemetry 

data, or In any other time-critlcal application 
But anyone can throw numbers at you. Night 

Hawk performance is underscored by real-life case 
studies, which we will gladly share with you. To 
prove our superiority, we'll even benchmark your 
application on a Night Hawk computer. 

Built around industry and international open 

QUICK RESPONSE TIMES YOU DEMAND 
Night Hawk computers are readily integrated into a 
mUlti-vendor, multi-component environment Modular 
and scalable, they are easily enhanced to keep pace 
with your changing needs. Our unique Pre-Planned 
Product Improvement philosophy preserves your 
hardware and software investment. making technology 
refreshment as paInless I I 
as a board exchange H A R R I S 

If you have already , 
developed software for 
another system, Harris SCIENTfAC & ENGINEERING WORKSTATlON PROCUREM ENT 

migration assistance and porting expertise will assure an 
easy and economical transition to a Night Hawk real
time system. 

Today, the Harris name represents over a quarter cen
tul)' of experience In real-time computing, a global sales 
and support network, and a full complement of products 
and services designed to meet and exceed your needs. 

NASA and other federal agencies can access 
superior real-time computing with great speed. Night 
Hawks and an extensive array of related equipment 
and services are available from Harris - the only 
approved real-time systems vendor - through the 
Scientific EngIneering Workstadon Procurement (SEWP) 

s 
system standards 
with support for 
real-time and multi
level secure UNIX~ 
operatIng systems, COMPUTER SYSTEMS 

Contract. For more 
information, call 
the Harris SEWP 
Program Office at 
1.305.973.5041. 

HARRIS CORPORATION· COMPUTER SYSTEMS DIVISION· 2101 WEST CYPRESS CREEK ROAD. FORT LAUDERDALE· FL • 33309 • U.S.A. 
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The flow resistance of the dash pot ring depends on the thick
ness of the ring and the gap between the surfaces of the ring 
and the surfaces of the groove in the nosepiece. If the ring is cut 
in a spiral, the flow resistance also depends on the number of 
tums. If the ring is of the bias-cut type, the flow resistance also 
depends on the width of the bias-cut gap. 

The dash pot ring also offers sliding friction by virtue of its rub
bing in the dashpot. This friction depends on the tightness of its 
fit in the dash pot, the number of tums in the ring, and the ring 
material (among other things) . A low-friction material like polyte
trafluoroethylene is a good choice for the ring material. 

This work was done by Brian G. Morris of Johnson Space 
Center. For further information, write ;n 78 on the TSP Request 
Card. 

This invention is owned by NASA, and a patent application 
has been filed. Inquiries conceming nonexclusive or exclusive 
license for its commercial development should be addressed by 
the Patent Counsel, Johnson Space Center [see page 20]. Refer 
to MSC-21950. 

Flexible Wedge Seal for Ball 
Valve 
Less closing force would be needed, and thus 
a smaller actuator could be used. 

Marshall Space Flight Center, Alabama 

A proposed ball valve would contain a flexible sealing wedge. 
The wedge would flex around the ball at the locus of contact, 
thereby creating an effective seal with less force on the ball than 
if a hard valve seat were used. Less torque would therefore be 
needed to close the valve, and a smaller actuator could be used. 

Belleville springs would apply an axial force to a metal loading 
ring within the wedge (see figure). The loading ring would apply a 
partly radial, partly axial force to an intemal spring made of coiled 
wire or helically wound metal ribbon. The spring would, in tum, 
force the wedge against the ball . 

The Conical Face of the Sealing Wedge would form a primary seal 
at the circle of contact with the ball , while its integral lip would form a 
secondary seal at the circle of contact with the housing. This view is a 
partial cross section in the meridional (axial-radial) plane. 
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Do You Use Fortran, C, or C++ 
For Technical Programming? 

AIX® Engineering and Scientific Subroutine Library/6000 
(ESSL) helps reduce development time by giving you 
many of the algorithms you need. ESSL offers more 
than 400 mathematical subroutines, all highly tuned for 
the IBM RISC System/6000 processors including the 
PowerPCTM. You can develop Fortran, C and C++ 
programs that call ESSL subroutines. 

Areas of computation supported by ESSL include: 
- Linear Algebraic Subprograms - Matrix Operations 
- Linear Algebraic Equations - Eigensystem Analysis 
- Signal Processing Computations - Sorting and Searching 
- Numerical Nomenclature - Interpolation 

Stan Goldberg, a Programming Supervisor at Western 
Geophysical in Houston, says, "In the highly competitive 
field of seismic processing, ESSL gives the kind of edge 
that helps Western maintain its position as the largest 
geophysical contractor in the world." 

For information contact us at (914) 385-8844 or by 
Internet, wyaddow@vnet.ibm.com. We'll send you a 
booklet describing ESSL. Also, ask about our 60-day 
free trial offer! 

ESSLl6000: For people who know the value of time. 
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The Belleville springs would also press against a lip on the 
wedge; the lip would, in tum, press against the housing, provid
ing a secondary seal. 

The Belleville springs would provide a consistent load despite 
large variations in the position of the ball with respect to the 
wedge. The intemal coil spring would distribute the load nearly 
uniformly around the circumference. A metal supporting ring 
would prevent damage to the thin section of the wedge in the 
vicinity of the contact with the ball by preventing bending or 
buckling of the wedge. 

This work was done by Joseph A. Levert and Larry M. Gage 
of Allied-Signal Aerospace Co. for Marshall Space Flight 
Center. For further information, write in 84 on the TSP Request 
Card. 

Inquiries concerning rights for the commercial use of this 
invention should be addressed to the Patent Counsel, Marshall 
Space Right Center [see page 20]. Refer to MFS-28907. 

All-Metal Tires 
These tires would be used where elastomeric 
and pneumatic tires would not function. 

NASA's Jet Propulsion Laboratory, Pasadena, 
California 

Tires composed entirely of metal are being considered for use 
where conventional elastomeric and pneumatic tires cannot func
tion. Metal tires can withstand extreme temperatures that would 
destroy rubber-cased, air-inflated tires. The metal tires were con
ceived for use on a rover vehicle on Mars, where the extremely 
low temperature precludes rubber or silicone-rubber tires. AII
metal tires could be used on Earth for vehicles and robots that 
fight fires or clean up dangerous chemicals, for example. A proto
type metal tire has been successfully tested in an arroyo. 

The prototype metal tire (see figure) is made of sheet metal 
formed into a circumferential belt with thin curved beams (flexure 
beams) for sidewalls. Cleats (not shown in the figure) are 
spotwelded to the belt. 

The sidewalls provide the radial springiness that air would pro
vide in a pneumatic tire. The belt keeps the tire stiff in tangential 
and axial directions. The belt resists squirming (distortion on con
tact with the ground) while it rolls: this helps to ensure efficiency 
and traction. The dimensions of the belt and beams for proper 
flexure under a wide range of conditions were computed by 
finite-element analysis. 

This work was done by Donald 8. Bickler, Lee F. Sword, and 
Randel A. Undemann of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, write in 65 on the TSP 
Request Card. NPO-18859. 

Flexure Beams 
Constitute the Side
wall of this all-metal 
tire. 
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rrWAS 25 YEARS AGO, 

We gave Apollo the 

final thrust into orbit 

and man took a first 

step on the moon. 

This wasn't our first 

mission, and defmitely not 

the last. 

When McDonnell Douglas 

built Skylab, the world's first 

generation 

of space tech
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Machinery 

Powerful Electromechanical Linear Actuator 
Advantages include less complexity and less needed maintenance. 

Marshall Space Flight Center, Alabama 

A powerful electromechanical linear 
actuator has been designed to replace a 
hydrauliC actuator that provides incre
mental linear movements to a large object 
and holds its position against heavy 
loads. The hydraulic actuator and associ
ated equipment are complicated and vul
nerable to leaks, and they need consider
able maintenance. This electrome
chanical actuator is cleaner (because 
there is nothing to leak) and simpler, and 
needs less maintenance. 

Other electromechanical actuators of 
similar size and design are available. This 
electromechanical actuator includes a ro
tary-to-linear-motion converter. Two brush
less dc motors drive a threaded roller
screw shaft via a gear train; a piston at
tached to a shaft nut travels along the 
threaded shaft when the shaft is rotated. 
The two principal innovative features that 
distinguish the new actuator from prior 
electromechanical actuators of this type 
are (1) the use of a shaft-angle resolver 
(instead of a linear variable-differential 
transformer) as a source of position feed
back to an electronic control subsystem 
and (2) an anti backlash gearing arrange
ment. 

The actuator (see figure) is attached, 
with spherical bearings at its ends, to the 
two objects that are to be moved incre
mentally with respect to each other. In
crements of linear motion are monitored 
and controlled via the increments of an
gular motion measured by the shaft-angle 
resolvers and the known relationship (from 
gear ratios and thread pitch) between 
rotation and translation. The antibacklash 
gearing arrangement, which helps to 
maintain precision of the increments, is 
implemented in a special fabrication se
quence that includes precise machining 
and small adjustments. 

The idler gears, which are parts of the 
anti backlash gearing, also reduce the 
speed of rotation of the shaft and increase 
the torque applied to the output gear. The 
output gear is keyed to the threaded shaft. 
The shaft is supported by a quadruplex 
set of angular-contact ball bearings. Seals 
prevent the entry of contaminants into the 
bearings. A linear bearing impregnated 
with graphite keeps the piston aligned 
with the axis of linear motion. 
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This work was done by John R. 
Cowan and William N. Myers of 
Marshall Space Flight Center. For fur
ther information, write in 47 on the TSP 
Request Card. 

Brushless 
dc Motor 

Inquiries concerning rights for the 
commercial of this invention should be 
addressed to the Patent Counsel, Mar
shall Space Right Center [see page 20}. 
Refer to MFS-28673. 
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3M 35mm Microfilm -the ideal format for storing CAD drawings. 
CAD is an immensely powerful tool for the designer and 
the engineer. But the drawings it originates need to be 
accessed, read and circulated efficiently and 
inexpensively. And that means hard copy of some sort. 

That's why modem design and engineering 
companies run both digital and 35mm card-ba ed 
sy terns in parallel - and that's why your CAD ystem, 
if you asked it, would come up with 3M' univer ally 
respected 35mm Microfilm System a the perfect format 
for archiving and distributing your drawings. 

Make no mistake, microfilm ha a big part to play in 
your company's future - especially as most of your 
exi ting and potential suppliers are standardized on the 
system. 3M 35mrn Microfilm is proven in practically 
every de ign and engineering application. It ha 
undergone a continuous process of refinement to reach its 
pre ent high tandards of accuracy, dependability and 
heer ease of use. 

C3M1994 

There's a wide range of advanced 3M equipment 
available to bridge the interface between CAD 
origination and microfilm: 

Film plotter that 
produce high-re olution 
35mm Microfilm 
originals from electronic 
data at the touch of a 
button. Multi-function 
printers that can output 
AJA4 to ElAO prints 
from both microfilm and paper. Sophisticated, u er
friendly high peed Reader Printers. 

To find out more about how co t-effectively you can 
integrate the latest generation of 3M Microfilm hardware 
with your CAD systems, call 3M Engineering Document 
Systems, 1-800-247-8516. 

3IVI Reliability 
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Two-Way Tether Gun 
This device could be used to rescue oneself or another person. 

Lyndon B. Johnson Space Center; Houston, Texas 

A proposed safety-tether device 
would enable crewmembers on a 
spacecraft to retrieve a crewmember 
drifting away from the spacecraft. 
Alternatively, a drifting crewmember 
who carries the device could use it to 
grasp and return to the spacecraft. The 
device could also be used on Earth. 
For example, a rescuer on a vessel or 

pier could use it to retrieve and haul a 
drowning or unconscious person to 
safety; a drifting person or a rescuer in 
the water could use it to grasp and 
hold onto a support. 

The tether device would include a 
spring-loaded gun fired by a solenoid. 
The gun would shoot out a tethered 
shuttle that would deploy a net that 

For More Information Write In No. 452 

would surround the person or object to 
be grasped (see Figure 1). The shuttle 
(see Figure 2) would hold several balls 
at the outer ends of tensioned primary 
filaments spaced equally around its cir
cumference at its forward end. Each 
primary filament would be held in ten
sion by winding it in tension on its 
spool and locking the spool with a pin. 
The tension would compress a cham
ber spring that, when released subse
quently, would push the balls out. 

The balls, made of weighted hook
and-pile material (Velcro or equivalent), 
would be connected by primary fila
ments wound partly on spools. Each 
bali would also be attached by sec
ondary filaments to its immediate 
neighbors. The secondary filaments 
would be folded in loops on the out
side surface of the shuttle and 
anchored aft by a breakable ring. 

The shuttle would be mounted on a 
compressed spring at the inner end of 
a launch tube and would be connected 
to a spool at the inner end of the 
launch tube by a main tether. To fire 
the gun, one would activate the sole
noid, thereby freeing the shuttle to 
move outward. The expanding launch
ing spring would eject the shuttle from 
the tube, and the main tether would be 
pulled out from the spool at the inner 
end of the launch tube. 

When the shuttle reached the maxi
mum deployed length of the main teth
er, the sudden tension on the main 
tether line would pull back a retaining 
ring in the shuttle, thereby pulling back 
the pins that lock the primary-filament 
spools. This would relieve the tension 
in the primary filaments, allowing the 
chamber springs to eject the balis, 
which would carry along with them the 
net constituted by the primary and 
secondary filaments. Upon contact 
with the target, the web would sur
round the target, and the balls would 
engage each other, sealing the target 
within the net. The main tether would 
then be retracted, drawing the target 
with it. 

The shuttle could be reused. The pri
mary filaments would be rewound on 
their spools, and the secondary fila
ments would be draped on the outer 
surface and resecured with a new 
breakable ring. The shuttle assembly 
would then be reinserted in the firing 
tube and secured on the compressed 
launching spring. 

NASA Tech Briefs, September 1994 



This may be the 
perfect slide. 

L GENERAL: \lIJ DEVICES 
Electronic Hardware 
Manufacturers 

1410 S. Post Road 
P.O. Box 39100 
Indianapolis, Indiana 
46239-0100 

FAX 317.898.2917 

Or not. 
Because when it comes to slides, one ize does not fit 
all. But General Devices probably does have exactly 
the low-cost Chassis Trak solid bearing slides you 
need - in stock and ready for immediate hipment. 

Slides with detent and pivots that allow your .-....F-- ...... 
equipment to be opened and tilted down for 
easy inspection or service. Slide that fit 
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To find out more, contact General Device today. 
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For more information call 1-800-626-9484 
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RESCUE PERFORMED BY CREW ON STRUCTURE 

SELF-RESCUE 

Figure 1. In Alternative Modes of Operation, a person could be enveloped in a safety net 
extended from a structure, or the person could shoot out the tether and net to grasp the struc
ture. Either way, the tether would then be retracted to bring the person to safety at the structure. 

The gun would have a range of 20 to 
100 ft (6 to 30 m). The ball-and-fila
ment network would be about 12 ft 
(3.7 m) wide. 

Sanger of Lockheed Engineering & 
Sciences Co . for Joh nson Space 
Center. For further information, write 
in 51 on the TSP Request Card. MSC-
22037. This work was done by George F. 

Ball Launch-Mechanism Breakable 
(Aetainer) Solenoid Aing 

Aetaining 
Aing 

Soft 
Protective 

Dome 

Ball 
(Showing Beginning to 

Emerge. Though 
Nonnally It Would 
Be Aetalned Prior 

to Launch) 

Launch 
Tube 

Retainer 
Spring 

SHUTTLE IN TUBE READY FOR LAUNCH 

Main Tether 

f===~~~~ 

SHORTLY AFTER LAUNCH 

Primary and Secondary 
Filaments Conslnute Net 

DEPLOYMENT OF NET 

Figure 2. Initially, the Shuttle Would Be Retained at the inner end of the launch tube. 
Upon firing, the launching spring would expel the shuttle. The balls would then be expelled 
from chambers in the shuttle, deploying the filaments to form a net. 
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Fabrication Technology 

Micromachined Silicon Waveguides 
Components that handle millimeter and submillimeter wavelengths will be fabricated conveniently. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

Silicon-micromachining techniques are 
used in continuing efforts to develop wave
guides for millimeter and submillimeter 
wavelengths. The techniques are essen
tially the same as those used to make 
micromechanical parts such as sliders, 
motors, gears, and spiral springs with di
mensions of 50 to 200 I-lm. An intermedi
ate goal of these development efforts is to 
make waveguides with cross sections as 
small as 0.3 by 0.15 mm to carry electro
magnetic waves with frequencies of 0.5 to 
1.0THz. 

Fabrication of such small waveguides in 
the usual brass and copper by conven
tional methods is time consuming, costly, 
and difficult. In addition, mounting active 
and passive devices on small convention
al waveguides is difficult. 

As a demonstration of micromachining, 
a WR-10 waveguide, for frequencies of 
75 to 115 GHz, was fabricated. This 
waveguide had inner channel dimensions 
of 0.1 in. (2.54 mm) by 0.05 in. (1.27 mm). 
It was fabricated as two half sections (see 
figure). The starting material was a silicon 
wafer with a thickness of 0.05 in. (1.27 
mm) and a (110) surface orientation. First, 
a layer of silicon nitride 1 ,000 A thick was 
grown on both sides of the wafer by low
pressure chemical vapor deposition . A 
photoresist was applied and exposed to 
define windows, which were etched in the 
nitride by use of a sulfur hexafluoride plas
ma. The silicon exposed by the windows 
was etched in aqueous potassium hydrox
ide to form half-waveguide channels. The 
rate of etching in the (110) direction (2 I-lm 
per minute) was 170 times as fast as in 
the (111) direction, so that a nearly 
perpendicular-sided channel resulted. At 
this rate, the silicon wafer was etched 
through its full thickness in about 11 
hours. 

The remaining silicon nitride was re
moved by hot phosphoric acid, and the 
silicon channels thus formed were glued 
with polyimide resin to a 0.05-inch-thick 
(0.13-cm-thick) flat silicon substrate, mak
ing a half-waveguide channel substrate. 
The substrate was diced into individual 
half-waveguide channels. To provide the 
conductive waveguide surfaces, three lay
ers of metal were applied to the channels 
and top surfaces: 250 A of chromium and 
5,000 A of gold, both deposited by vacu-

NASA Tech Briefs, September 1994 
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SUBSTRATE DICED AND METAL DEPOSITED TO FORM ELECTRICALLY 
CONDUCTIVE SURFACE OF HALF WAVEGUIDES 

t 

HALVES CLAMPED TOGETHER TO FORM 
FULL WAVEGUIDES 

Micromachining a Rectangular Waveguide involves standard steps of masking, etching, 
and deposition of metal on silicon . The parts thus made are assembled into a half-waveguide 
and finally into a full waveguide. 
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um evaporation, then about 3 ~m of electroplated gold to provide 
high conductance for low radio-frequency loss. 

The halves were clamped together to form complete wave
guides. The measured radio-frequency loss of the waveguides 
was about 0.05 dB per wavelength over most of the frequency 
band from 75 to 110 GHz. This compares with 0.024 dB per 
wavelength for commercial waveguide. The difference of 0.026 
dB per wavelength is probably attributable to small defects in the 
evaporated gold layer that carried through to the plated gold 
layer. Refinements in the gold-evaporation process are expected 
to reduce losses. 

The silicon-micromachining approach enables the simultane
ous fabrication of several versions of a waveguide, with variations 
in a cri1ical parameter, on a single wafer of silicon. The perfor
mances of the versions can be compared and optimized more 
quickly and at lower cost than is possible if the different versions 
are fabricated sequentially, by conventional machining tech
niques. 

Most important, active and passive electronic devices can 
readily be integrated with silicon-based micromachined wave
guides. For example, a thin, electromagnetically transparent sili
con nitride membrane could be placed in a waveguide, and such 
components as Schottky diodes, tunnel junctions, and tuning ele
ments could be fabricated directly on the membrane. 

This work was done by William R. McGrath, Yu-Chong TaL and 
Markus Yap of Caltech and Christopher K. Walker of the 
University of Arizona for NASA's Jet Propulsion Laboratory. 
For further information, write in 83 on the TSP Request Card. 
NPO-18903. 

Hand-Controlled Brazing
Paste Dispenser 
Hand control has proven superior to foot control. 

Marshall Space Flight Center, Alabama 

A hand-operated switch added to a hand-held brazing
alloy-paste dispenser (see figure) yields improved, more con
sistent brazing-alloy beads. The dispenser has been used to 
apply the paste between adjacent tubes in a heat exchanger. 

Previously, a technician used a foot switch to control the 
flow of paste from the dispenser as the technician's hand 
moved the dispenser nozzle along a recess between adjacent 
tubes. A precise distribution of paste, suited to the taper of the 
tubes, is needed for a good braze joint. However, it was diffi
cult to coordinate the foot control with hand motions to coor
dinate the volume of paste dispensed, along with the position 
and velocity of the dispenser, to achieve the required distribu
tion of paste. In contrast, the hand switch enables the techni
cian to control the flow of paste and the position and velocity 
of the dispenser all with one hand: this enhances coordination, 
providing a more consistent and controlled distribution of 
paste. 

The hand switch is resistance-welded to a small band 
clamp and wired with small-diameter shielded conductor 
cable. It is mounted directly on a dispenser by use of the band 
clamp and plugged into the dispenser control unit in place of 
the foot switch. The control unit supplies pulses of pressurized 
air to the dispenser in response to the technician 's commands 
relayed via the hand switch . The switch is reliable and safe, 
and can be removed and reattached easily, so that cartridges 
can be interchanged easily. 
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This work was done by Jeffrey L. Gilbert of Rockwell 
International Corp. for Marshall Space Flight Center. For 
further information, write in 99 on the TSP Request Card. 
MFS-29910. 

With Just One Hand, a technician controls the flow of brazing-alloy 
paste from the dispenser. The switch (under the operator's forefin
ger) controls the flow of compressed air to the dispenser cartridge. 

Ceramic Tool for 
Preconsolidation of 
Powder-Coated Towpreg 
This tool converts partly formed towpreg into 
preconsolidated towpreg ribbon. 

Langley Research Center, Hampton, Virginia 

The potential use of various thermoplastics that perform well 
at high temperatures as matrices in composite materials that 
also contain carbon fibers has prompted research to identify novel 
techniques for the production of advanced composite prep reg 
systems. Many of these thermoplastics cannot be dissolved by 
environmentally benign solvents. When these polymers melt, they 
typically exhibit high viscosities and are difficult to use in conven
tional prepreg operations because they exhibit reduced flow dur
ing impregnation. Several techniques have been developed to 
plasticize these polymers, but the plasticizers tend to reduce the 
desired mechanical properties of the polymers in their bulk 
forms. 

Research at NASA Langley Research Center has led to the 
development of a novel prepregging technique and tooling to 
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t/ Programmable Control 
plugs Into any PC with 
R5-232C Interface 

The Ceramic Preconsolidation Tool includes heated and cooled halves that are thermally 
insulated from each other. 

t/ Compact & Simple Design 
t/ Scanning and Feeding 
t/ Testing and Manufacturing 
t/ 747 different Models 
t/ Send for free catalog 

VELMEX,NC. 
P.o. BOX 38 • E. BLOOMFIELD, NY 14443 

TOLL FREE 800/ 642·6446 
IN N.Y.: 716/657·6151 

For More Infonnatlon Write In No. 458 

implement it. In this technique, a towpreg 
coated with thermoplastic powder is con
verted into a preconsolidated ribbon with
out the use of any plasticizers or solvents 
of any kind. Relying on melt flow and prop
er application of tension, friction, and cool
ing, this technique ensures both consistent 
distribution of the polymer within, and con
sistent cross section of, the ribbon. 

Tachometers that compute and control 

IVO' new TA200 series tachometer is 
more than a monitor, it i a versatile and 
complete machine control device. 

• Large LED di play with scale fac tor for monitoring 
RPM, peed, cycle rates flow volume ,etc 

• Direct connection to your PC or PLC via available , 
erial, analog or relay output 

• Two free ly a ignable limit values with outputs 

• Computing function ba ed on two eparate inputs to 
indicate ratio, differential, time or period measure
ment. exten 'ion/compres ion, through feed time, etc. 

IVO Industrie Inc. 
34 Industrial Way East 
Eatontown, NJ 07724 

800-932-0489 
Tel 908-542-5151 
Fax 908-542-2938 

For More Infonnatlon Write In No. 459 

This innovative debulking technique (see 
figure) draws on the advantages of pulling 
unidirectional filaments through a heated 
and cooled open-faced die. The die, called 
the "ceramic preconsolidation tool," was 
constructed specifically for this purpose. 
After the bulky towpreg leaves a payout 
creel, it is warmed by a flow of hot gas. 
Init ial contact between the melted tow
preg and the tool occurs on a curved sur
face that channels the towpreg into the 
tool. As the towpreg is drawn through the 
tool, it spreads out to fill the channel. This 
accomplishes two things: first, it allows 
for melt squeeze flow 
to distribute the polymer more evenly 
throughout the bundle of fibers that con
stitutes the towpreg; and second, it facili
tates nesting of fibers under tension, 
thereby promoting debulking. The heated 
towpreg that leaves the heated half of the 
tool has the shape of a wide and flat rib
bon. A thermally insulating airgap sepa
rates the heated half of the tool from the 
cooled half. The hot ribbon enters the 
cooled half of the tool and there is cooled 
to a solid under controlled conditions. 
Shrinkage of the polymer and its reduced 
stickiness at the lower temperature allow 
the ribbon to separate from the surface of 
the tool on the cooled side. 

This work was done by Robert M. 
Baucom of Langley Research Center, 
Donald A. Sandusky of the College of 
William and Mary, and Joseph M. 
Marchello of Old Dominion University. For 
further information, write in 79 on the 
TSP Request Card. 

Inquiries conceming rights for the com
mercial use of this invention should be 
addressed to the Patent Counsel, Lang
ley Research Center [see page 20]. Refer 
to LAR-14983. 

NASA Tech Briefs, September 1994 



Mathematics and 
Information Sciences 

Automated Induction of Rule-Based Neural Networks 
Prototype expert systems can be set up quickly. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

Prototype expert systems that are 
implemented in software and that are 
functionally equivalent to neural net
works can be set up automatically and 
placed into operation within minutes by 
following an information-theoretic ap
proach to the automated acquisition of 
knowledge from large example data 
bases. In contrast, the manual approach 
to the acquisition of expert knowledge 
involves interviewing human experts and 
analyzing their responses , so that the 
construction of a typical expert-system 
computer program takes months. A pro-

This Rule
Based Neural 
Network was 
constructed by 
the ITRULE 
process from a 
table of data on 
several thousand 
mutual funds. 
The output of the 
network is a pre
diction of the 
probability that 
the 5-year retum 
of a new fund will 
be above or 
below the 
Standard and 
Poor's market 
average retum. 

Fund Type: Growth and Income 

Fund Type~ AggressIve Growth 

Fund Type: Growth 

Rls~Under1 

RiSk Over 1 

Stocks Under 75% 

Stoc~s Over 75% 

Dlverslly Low 

Diversity High 

Expense Ratio: Low 

Expense Ratio: High 

Yield Under 3% 

Yield Over 3% 

Tumover Low 

Tumover High 

Assets Small 

Assets Large 

INPUT ATTRIBUTES 
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totype expert system created automati
cally by the novel approach can be used 
as a sophisticated search and analysis 
tool to query the original data base, and 
is capable of reasoning with uncertain 
and incomplete data. 

The novel approach is based largely 
on the use of the ITRULE computer pro
gram, which implements algorithms that 
search a data base efficiently and which 
automatically induces probabilistic rules 
that express relationships among the 
data. Such a rule is of the following form: 
If Y = y, then X = x, with probability Pr 

CONJUNCTIVE RULES 

and utility U, where X and Yare vectors 
(attributes) of discrete random variables, 
x and yare particular values of these 
variables in the data base, Pr is the rule
transition probability given by the condi
tional probability p[X = x I Y = y], and U is 
a measure of the informational utility, 
information content , or "goodness" of 
the rule. 

The rules induced by ITRULE can be 
loaded into a standard expert-system 
software shell, wherein the value of U 
associated with each rule is used to 
assign a priority to that rule when resolv
ing a conflict between it and another rule. 
Alternatively, or in addition, the rules can 
be used to synthesize a parallel-process
ing probabilistic inference network like a 
neural network, and this is what is done 
in the present novel approach. Unlike in 
the frequently cited concept of a neural 
network as an implicit "black box" predic
tor, a neural network constructed by use 
of ITRULE has an explicit architecture 
and operation. The architecture is explicit 
because links in the network correspond 
to rules. The inference is explicit because 
the weight on each link corresponds to 
the "weight of evidence" associated with 
each rule (see figure). The explicit nature 
of such a rule-based network also 
enables humans to audit all its decisions. 

The rule-based network is a powerful 
new extension of a simple first-order 
Bayesian classifier. The network is capa
ble of acting as a classifier or, much more 
powerfully, of yielding an estimate of 
probability or "confidence" for each out
put decision. This enables a higher-level 
expert system or a human to make the 
final decision. The advantage is that situ
ations in which completely unknown 
inputs are presented can be identified by 
low confidence on all the outputs. This 
alerts the system to the fact that more 
training is necessary or more input attrib
utes are needed to derive rules to handle 
the new situation. 

This work was done by Padhraic J. 
Smyth and Rodney M. Goodman of 
Caltech for NASA's Jet Propulsion 
Laboratory. For further information, 
write in 54 on the TSP Request Card. 
NPO-18955. 
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Life Sciences 

Hydroponic Feed With Suction 
Placing the nutrient solution under suction appears to increase growth. 

John F. Kennedy Space Center; Florida 

A hydroponic system circulates nutri
ent solution around the roots of plants 
under a partial vacuum while the stems 
and leaves are exposed to normal 
atmospheric pressure. Plants that grow 
in this system are larger than plants 
grown in a similar hydroponic system 
with roots exposed to atmospheric pres
sure. For example, the dry weights of 
the roots and leaves of bean plants 
grown with suction were 3 and 1 .8 times 
greater, respectively, than those of simi
lar plants grown without suction. The 
yield of edible pods was also greater for 
the plants grown with suction. 

Each plant is grown in a 500-mL 
polypropylene jar (see figure). A screw-on 
lid with an 8-cm hole in its top presses a 
polyvinylchloride disk against an O-ring 
to seal the disk to the mouth of the jar. 

The Foam Plug Seals 
the growing stem of the 
plant, making it possi
ble to maintain a suc
tion in the nutrient liquid 
around the roots . The 
jar is wrapped in black 
tape to keep out light. 

Flat 

The disk has openings for inflow and out
flow of the nutrient solution and for a 
plug that holds the stem of the plant. 

The plug includes a piece of closed
cell foam contained in a tapered recep
tacle (Caplug® or equivalent). The foam 
in the plug fits snugly around the stem. 
The plug allows the stem to expand 
while providing a seal for the suction on 
the roots. The plug is held in place by a 
screw top and the mating threaded 
neck of a polypropylene bottle. 

The solution is supplied to the roots in 
the jar from a manifold at a pressure of 
103.5 kPa (typical atmospheric pressure 
is 101 kPa). The circulating solution is 
withdrawn from the jar into a tank that is 
maintained at a partial vacuum (a pres
sure of 88 kPa). The solution is recycled 
from the tank. 

Screw Cap 
From Bottle 

Plug Made 
of Closed-Cell Foam 

Tapered Receptacle 
(CAPLUG® or Equivalent) 

Modified 
Screw-on 
Top 

Connectors 
c--.--~==-- (Inlet and Outlet 

for Nutrient Solution) 

Polyvinylchloride 

Polypropylene Inlet 
and Outlet Filters 

Light-Tight, 
Wide-Mouth 
Polypropylene Jar 

EXPLODED VIEW OF 
PLANT HOLDER 
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The reason for the increased growth 
of the plants grown with suction is not 
obvious. The increase has been tenta
tively attributed to the lower concentra
tion of carbon dioxide in the solution 
under suction and the enhanced re
moval, via the suction, of organic com
pounds (e.g., ethylene) that may inhibit 
growth of plants. This technology has 
potential for use in terrestrial applica
tions in arid climates or in labor-inten
sive agricultural situations (e.g., green
house vegetable production). 

This work was done by William M. 
Cox of Kennedy Space Center and 
Christopher S. Brown and Thomas 
W. Dreschel of the Bionetics Corp. 
For further information, write in 33 
on the TSP Request Card. KSC-
11606. 

Nutrient Solution Out 

L.-I-~--:a7t S119h[ 

PLANT GROWING 
IN HOLDER 

H~es1 
Nutrient Solution In 

at Slight Gauge 
Pressure 
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Books & 
Reports 
These reports, studies, and 

handbooks are available from NASA 

as Technical Support Packages 

(TSPs) when a Request Card 

number is cited; otherwise they are 

available from the NASA Center for 

Aerospace Information. 

• Physical Sciences 

Combustion of Drops of 
Liquid Fuel in a Vortex 

A paper discusses a numerical simula
tion of unsteady evaporation and combus
tion of drops of liquid fuel clustered in a 
vortex. This simulation represents the 
behavior of drops and the combustion 
processes that occur in large, coherent 
vortices in the shear layers of liquid-fuel 
sprays in air. 

This work was done by Roriah G. Rchot, 
Kenneth G. Harstad, and Josette Be/Ian of 
Caftech for NASA's Jet Propulsion lab
oratory. To obtain a copy of the paper, 
"Unsteady Evaporation and Combustion of 
a Drop Cluster Inside a Vortex, " write in 17 
on the TSP Request Card. NPO-18973. 

More About Regometer 
Incremental Probe 

A collection of brief documents pro
vides additional information about the de
vice described in "Gauge Measures Hot 
Erosion of Insulation" (MFS-28651), NASA 
Tech Briefs , Vol. 17, NO.7 (July 1993), 
page 38 . The device is called a 
"regometer incremental probe." To reca
pitulate from the noted prior article, the 
device comprises mainly an array of 
thermocouples and associated resistors 
embedded, during manufacture, at pres
elected depths in insulating material in a 
solid-rocket-motor blast tube . The 
device provides an indication of the 
thickness of the insulation in that its 
electrical output increases when the ero
sion front reaches the depth of the outer
most remaining thermocouple, putting 
the hot blast-tube gas in direct contact 
with that thermocouple. The present col
lection of documents describes the fab
rication and installation of prototype 
units, presents detailed design informa-
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tion in drawings and text, and presents 
results of a blast-tube test. 

This work was done by Reginald J. 
Gould of GenCorp AEROJET for Mar
shall Space Flight Center. To obtain 
the collection, "Regometer Incremental 
Probe #3802110-3 & 9," write in 91 on 
the TSP Request Card. 

Title to this invention has been waived 
under the provisions of the National Aero
nautics and Space Act [42 U.s.C 2457(f)), 
to Gencorp Aerojet. Inquiries conceming 
licenses for its commercial development 
should be addressed to: Gencorp 
A erojet, ASRM Division; Attn: P. A. 
Hickok, Contract Manager; 1 NASA 
Drive; Tuka, MS 38852-8998. 

Refer to MFS-28753, volume and 
number of this NASA Tech Briefs issue, 
and the page number. 

• Materials 

Measuring Thermal 
Expansion and Contraction 

A report surveys methods of measuring 
the coefficients of thermal expansion of 
materials. It is meant to be the first in a 
series of two reports and addresses main
ly experimental techniques and data. The 
second report is expected to discuss the
oretical prediction of the thermal-expan
sion properties of composite materials. 

This work was done by Donald Rapp of 
Caltech for NASA' s Jet Propulsion 
Laboratory . To obtain a copy of the 
report, "The Dimensional Stability of 
Materials: Part I - Experimental Methods 
and Summary of Data," write in 3 on the 
TSP Request Card. NPO-18984. 

Effect of Preloads On 
Postimpact Strengths 
of Composites 

A report presents the results of an 
experimental study of the effect of com
pressive preload on the compression-af
ter-impact strengths of epoxy-matrix!car
bon-fiber composite materials. Previous 
experimental studies had indicated qual
itatively that increasing compressive pre
loads reduced the ability of composite
material parts to resist relatively light im
pacts like those from accidentally 
dropped tools , while at higher impact 
energies, the amount of compressive 
preload had little effect on postimpact 
strength. However, in the more-system-

atic quantitative study documented in the 
report, it was found that increasing com
pressive preloads did not result in statisti
cally significant decreases in postimpact 
compressive strengths of the composite 
specimens used. 

This work was done by A. T. Nettles 
and D. G. Lance of Marshall Space 
Flight Center. Further information may 
be found in NASA TP-3303 [N93-12678/ 
TB}, "The Effects of Compressive Pre
loads on the Compression-Atter-Impact 
Strength of Carbon/Epoxy." 

Copies may be purchased [prepay
ment required} from the NASA Center 
for AeroSpace Information, Linthicum 
Heights, Maryland, Telephone No. (301) 
621-0394. Rush orders may be placed 
for an extra fee by calling the same 
number. MFS-27312. 

Q Mechanics 

Modeling Progressive 
Damage in Laminated 
Composites 

A report describes a methodology for 
predicting the strengths and service life
times of structural components made of 
laminate composite (matrix/fiber) materi
als. The methodology accounts for the 
progressive development of microstruc
tural damage in service. Such damage 
can include intraply cracking of the matrix 
material , interply delamination, and frac
ture of fibers, and is a precursor to cata
strophic failure during overload. 

This work was done by Charles E. 
Harris of Langley Research Center and 
David H. Allen and David C. La of Texas 
A&M University. To obtain a copy of the 
report, ')1. Mechanics Framework for a 
Progressive Failure Methodology for 
Laminated Composites," write in 2 on 
the TSP Request Card. LAR-14437. 

Solutions of Euler 
Equations at Low Mach 
Numbers 

A report presents a study of solutions 
of the Euler equations for two-dimen
sional flows about airfoils at low mach 
numbers. The purpose of this study was 
to assess the accuracy of an Euler com
puter code and to investigate the factors 
that affect the solutions. Of particular 
interest are the effects of the artificial 
dissipation used to suppress nonphysi-
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cal instabilities in the numerical solution, 
of the clustering of points of the compu
tational grid, and of the mach number on 
the accuracy of the computed flow field . 

orders may be placed for an extra fee by 
calling the same number. ARC-12725. 

This work was done by David W. 0- Machinery Zingg of the University of Toronto for 
Ames Research Center. Further infor
mation may be found in NASA TM-
102205 [N93-72473ITB}, "Low Mach 
Number Euler Computations. " 

Copies may be purchased [prepay
ment required} from the NASA Center for 
AeroSpace Information, User Services 
Division, Linthicum Heights, Maryland, 
Telephone No. (301) 621-0394. Rush 

Face Gears for Helicopter 
Transmissions 

A NASA technical memorandum 
describes a theoretical, computational, 
and experimental study of the potential 

• Reduce sourc c 
• Hundreds of 

IMSL FORTRAN and C N1llllerieal Libraries 
• Widest selection of mathematical and statistical 

functions available in the industry 
• Online documentation provides powerful search 

capabilities with quick copy and paste examples 
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Special optimized versions for vector processors, 
parallel and multi-threaded computers 

• Flexible licensing options 
• Unmatched product support 

• CGM and many other device drivers 
included at no charge 
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'. 

• Application programming interface allows you to 
access a FORTRAN, C, or X API from a single license 

• Efficient online documentation with improved 
capabilities and copy and paste features 

IM~l Fot, mO['e info rmation about 1M L numed cal and graphical tools, 
or fo t· a 30 day free trial, call: 

FORTRAN and C 
application development 

tools from 1·800·3 4·8880 
~VisuaiNumerics" 0 1' 713 -954-6785 fa . 713 -781-9260 
Supported on more than 35 computer platforms, from pes to supercomputers. 
VISUal Numerics. IMSL. and Exponent Graphics are trademarks of VtSuaJ Numerics, Inc. 

For More Information Write In No. 493 

AD9495 

utility of face gears in lightweight, split
torque helicopter transmissions. Split
torque design is described, and the 
results of a finite-element structural 
analysis of a split-torque drive are pre
sented to show that torque can be split 
evenly when the stiffnesses of shafts 
that support the gears are chosen 
appropriately. 

This work was done by D. G. Lewicki 
of the U.S. Army Aviation Systems 
Command, F. L. Litvin and J. -C. Wang 
of the University of Illinois at Chicago, R. 
B. Bossler, Jr., of Lucas Westem, Inc., 
and Y.-J. Chen and G. Heath of 
McDonnel Douglas Helicopter Co. for 
Lewis Research Center. Further infor
mation may be found in NASA TM-
105655 [N92-28434IBR}, "Application of 
Face-Gear Drives in Helicopter 
Transmissions. " 

Copies may be purchased [prepay
ment required} from the NASA Center 
for AeroSpace Information, Linthicum 
Heights, Maryland, Telephone No. (301) 
621-0394. Rush orders may be placed 
for an extra fee by calling the same 
number. LEW-15840. 

• Fabrication Technology 

Evaluation of Mathematical 
Models of VPPA Welding 

A report describes a study of three 
mathematical models of variable-polarity 
plasma arc welding (VPPAW). The mod
els are based on the physiCS of the weld
ing process considered at three different 
levels of abstraction; they predict the widths 
and heights of weld roots and weld crowns 
as functions of the properties of the weld
ed metal and parameters of the welding 
process. The models were developed with 
a view toward using them in controlling 
automated VPPAW. The study included 
experiments on VPPA welding of alu
minum and of mild-steel specimens with 
more than 400 different combinations of 
welding-process parameters. 

This work was done by Kimble D. 
McCutcheon, Stephen S. Gordon, and 
Paul A. Thompson of Nichols Research 
Corp. for Marshall Space Flight Center. 
To obtain a copy of the report, "VPPA 
Weld Model Evaluation," write in 53 on 
the TSP Request Card. 

Inquiries conceming rights for the com
mercial use of this invention should be 
addressed to the Patent Counsel, Mar
shall Space Flight Center [see page 20]. 
Refer to MFS-27289. 
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SPECIAL AOVERTISING SECTION To NASA TECH BRIEFS 

PROFILES OF PATHSETTING 
COMPANIES SERVING 
THE ENGINEERING FIELD 

3M ELECfRlCAL SPECIALTIES DIVISION 
3M Electrical Specialties Division de

signs and manufactures materials to in
sulate, hold, protect, connect, and shield 
a variety of devices produced by original 
equipment manufacturers. 

3M's OEM products are designed for 
manufacturability. The many combina
tions of materials and adhesives enable 
manufacturers to produce their products 
efficiently. Your manufacturability is also 
enhanced by the many proprietary 
processes used by 3M. 

Electrical Insulating Tapes 
3M has been manufacturing quality 
tapes for over 100 years. Extensive 
quality control and testing, combined 
with accurate process control , ensures 
the continued production of high quality 
electrical grade products. 3M Electrical 
Grade Tapes are constructed from a 
variety of backings and adhesives 
designed to fit the requirements of a 

wide range of applications. 

EMI Shielding and Foil Tapes 
The 6100 Thermoformable EMI 
Sheilding Material from 3M is an excel
lent altemative to traditional shielding 
methods, which must be applied after 
the part has been formed. This unique 
new sheet material provides EMI shield
ing for thermoformed plastic parts in a 
single step during the normal thermo
forming cycle. 

3M's Foil Shielding Tapes are 
designed for applications requiring reli
able point-to-point electrical contact, 
particularly EMI shielding, grounding and 
static charge draining. The tapes have a 
variety of uses in electronic design and 
test laboratories. 

Heat-Shrinkable Tubings 
3M Heat-Shrinkable products provide a 
uniquely effective means of applying 

ADAPTIVE RESEARCH INC. 
Adaptive Research of Huntsville, Ala

bama is a leading developer of Compu
tational Fluid Dynamics (CFD) software 
for simulation of physical processes in
volving fluid flow and heat transfer. Adap
tive was recently acquired by Pacific
Sierra Research Corp. of Santa Monica, 
enhancing the financial and technical re
sources of the experienced CFD re
search and development operation. Fol
lowing 23 consecutive years of growth 
and nearly $30 million in revenues in 
1993, the new acquisition reaffirms 
Pacific-Sierra's commitment to expand 
investment in advanced scientific soft
ware products. Pacific-Sierra is healthy, 
debt-free, and 100% employee owned. 

Adaptive's CFD2000® software 
offers a fully integrated solution for mod
eling fluid flow, heat transfer, and other 
physical phenomena. From the intelli
gent window environment, the analyst 
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can address all aspects of the simula
tion-including geometry and computa
tional grid, fluid and material properties, 
initial and boundary conditions, solution 
monitoring and control , and even 3D 
field visualization and animation. 

Adaptive Research is positioned on 
the leading edge of CFD technology with 
new methods utilizing unstructured grid 
generation and adaptive mesh refine
ment techniques. Linear tetrahedral ele
ments and automatic remeshing allow 
for flow calculations over very complex 
surface shapes and can even compute 
the associated rigid-body motion 
dynamics. 

In Santa Monica, Pacific-Sierra's 
Computer Products group is a leading 
authority on Fortran 90 compiler prod
ucts, automatic parallelization software 
for high-speed systems, and super
scalar Fortran and C optimization tech-

skin-tight insulating and protective cov
erings for electrical, electronic and me
chanical applications. General purpose 
and specialized heat shrinkable prod
ucts are readily available through a net
work of professionally trained sales rep
resentatives and stocking distributors. 

Powder Epoxy Resins 
3M Scotchcast™ Powder Resins are 
1 00 percent solid , thermosetting, electri
cal-grade insulating resins. Classified 
chemically as epoxies, the product line 
consists of one-part epoxy powders. 
Their unique electrical and physical 
properties make them ideal for insulating 
and protecting electrical or electronic 
parts and assemblies. 

Call 1-800-328-0016, ext. 56, or write: 
3M Electrical Specialties Division, 6801 
River Place Blvd. , Austin, 1)( 78726-9000. 
For More Information Write In No. 300 

nology. The VAS-r® System is a suite of 
software tools that optimize and trans
late Fortran and C programs on today's 
superscalar workstations, parallel pro
cessors, and mainframe supercomputers. 

For more information contact Pacific: 
Computer Products Group, Pacific
Sierra Research Corp., 2901 28th St. , 
Santa Monica, CA 90405. Tel: 310-
314-2300; Fax: 310-314-2323. email: 
info@psrv.com. 

Adaptive Research Division, 4960 Cor
poration Drive, Suite 100A, Huntsville AL 
35805. Tel: 205-830-2620; Fax205-
830-2628. email : info@arc-cfd.com 

For More Information Write In No. 301 
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ALGOR 
RESEARCH PROVES HEX BEATS TET FOR ACCURACY AND SPEED IN FEA 

Most engineers assume that hexahe
drons beat tetrahedrons for more accu
rate and faster finite element analysis 
(FEA) and a recent study by Algor has 
confirmed that eight-node hexahedrons 
are superior to tetrahedrons for accura
cy and speed. 

Algor's engineers ran FEA tests on a 
simple beam supported at both ends, 
with a uniform pressure of 600 square 
units applied equally across the entire 
top surface. The beam has a 1 x1 cross 
section and a length of eight units (any 
system). We generated a number of 
hexahedral models and tetrahedral 
models. To generate these models, we 
used Algor's Hexagen and Hypergen, 
respectively. 

The maximum stress due to bending 
for this model can be calculated from 
equations from any number of engineer
ing handbooks. We calculated the maxi
mum tensile and compression stress as 
28,800 force/square units. 

Our standard was a 1x1 eight-node 
hexahedral model with eight elements 
and 36 nodes. We established the run 

time for this model as one unit of time. 
The maximum stress was determined to 
be 27,744 force/square units, a devia
tion of 3.7 percent. With a 3x3 eight
node hexahedral model with 216 ele
ments and 400 nodes, we improved 
accuracy to a 0.14 percent deviation, 
while running time increased to 4.44 
time units. 

Contrast this extremely precise accu
racy with the results from running tetra
hedral models: The most accu-
rate results for tetrahedral mod
els were from a 5x5 10-node 
tetrahedral model with 3,449 
elements and 6,440 nodes. 
This yielded a six percent 
deviation but had a run time 
of 602 time units. The fastest 
run time for tetrahedrons was 
from a 2x2 four-node tetrahe
dral model consisting of 462 
elements with 169 nodes. 
Run time was a quick 3.23 
time units but this was 
extremely inaccurate, yield-
ing a 55 percent deviation. 

AMP INCORPORATED 
Interconnections have undergone a 

metamorphosis. Once considered inci
dental, they are now recognized as inte
gral to the performance of critical sys
tems from aircraft inertial guidance 
equipment to complex electronics in 
control communications. No longer sim
ply a means of mechanical attachment, 
they often incorporate advanced electri
cal characteristics, miniaturization, and 
the sophistication necessary to handle 
various environmental rigors. 

As interconnection technology expe
riences this dynamic evolution, AMP 
leads the way with research and devel
opment in the areas of superconductivi
ty, holography, cold-emission contacts 
and others that will shape interconnec
tions in the 21st century. 

AMP is dedicated to improving cus
tomer service. The goal of total custo
mer satisfaction drives such efforts as 
increased use of cross-functional employ
ee teams and simultaneous engineering 
to integrate manufacturing, develop
ment, logistics and marketing functions. 

Broadening service capabilities in
clude a 24-hour facsimile service that 
automatically responds to dial-in requests 
for product literature and drawings, 
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electronic application design system 
discs that enable customer CAD sys
tems to rapidly specify interconnection 
requirements, and a new approach to 
packaging based on market needs and 
customer and distributor requirements. 

Behind all efforts to improve respon
siveness is the "teaming" approach to 
supplier/customer relationships, a spe-

For engineers who want to generate 
faster, more accurate models for FEA, 
Algor has introduced Houdini-the only 
interface on the market that will auto
matically generate a highly accurate 
quadrilateral surface mesh from a CAD 
model. Houdini then drives Algor's 
Hexagen to generate an eight -node 
hexahedral solid mesh for more accu
rate and faster finite element analYSis. 
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cific and formal program for customer
driven product development. Teaming 
coordinates engineering personnel for 
joint design reviews and other activities, 
direct resources to solve problems and 
focuses on quick responsiveness to de
sign and tool products that suit require
ments, independent of industry trends. 

AMP has the resources needed to 
make the joumey from concept to mar
ket-with capabilities far beyond supply 
to circuit design, analysis, simulation 
and validation; systems development; 
and packaging design. All efforts are 
backed by an unequalled experience 
with everything from metal and plastic to 
heavy machinery and preCision optics. 

AMP is the leading supplier of con
nectors and interconnection systems, 
servicing a wide range of markets 
around the world . The company, which 
ranks 144th in the Fortune 500 list, 
employs over 27,000 people in 36 coun
tries and had a record $3.45 billion sales 
in 1993. 

To leam more about AMP, call the 
Product Information Center at 1-800-
522-6752. AMP, Harrisburg, PA 17105. 
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ASTRO-MED, INC. 
Astro-Med challenged the estab

lished beliefs of the recorder industry 
eight years ago when it introduced the 
first all-recorder chart recorders with "no 
moving parts," thus casting aside gal
vanometric technology that depends on 
a moving stylus to record data. 

Since that time Astro-Med has intro
duced four generations of its "New 
Technology" recording systems, each 
more powerful than its predecessor, and 
today Astro-Med believes that it is the 
industry leader. R&D is the key to Astro
Med's success. The company spends 
7% of its revenue annually on new prod
uct development. 

The MT95K2 is a typical example of 
Astro-Med's wave of revolutionary prod
uct development. Not only does it oper
ate with "no moving parts" and record 
with laser printer resolution, but the 
recorder permits the user to ~ the 
data on a monitor as it is being recorded 
on chart paper. In addition, the user can 
program the recorder through a floppy 
disk as well as store the data intemally 
for subsequent review. These are but a 
few of the advanced features that have 
put the K2 in a class by itself. 

Recently the Dash IV and Dash 1 0 
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portable re
corders have 
joined the 
New Tech
nology re
corder family. 
Each offers 
unsurpassed 
capabilities 
combined 
with true 
portability 
provided by 
its intemal 
battery, and 
both have big, 
bright, high
response 
monitors for 
viewing data 
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and for easy chart setups. 
Astro-Med has also extended its 

technology to other specialty printers. 
One specialty printer, the Tough Printer, 
is a ruggedized high-speed printer that 
supports multiple printer languages such 
as Postscript and PCl5. The Tough 
Writer is ideal for use on aircraft test 
flights, on ships, or in heavy industry. 

With its R&D efforts continuing in 

high gear, Astro-Med has several excit
ing new graphic recorder products in 
various stages of development. 

Contact: Astra-Med, Inc., Astra-Med 
Industrial Park, West Warwick, RI 
02893. Tel: 800-394-3633; Fax: 
401-822-2430. 
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BlACK & WHITE SOFfWARE 
Black & White Software was founded 

in 1991 to pursue business opportuni
ties in the UNIX and Open Systems mar
ketplace. The emergence of X Windows 
and OSF/Motif as de facto standards in 
the Workstation marketplace created a 
demand for state-of-the-art Graphical 
User Interface (GUI) development soft
ware and qualified professionals, which 
Black & White moved to address. The 
initial emphasis was on consulting and 
training in X Windows, OSF/Motif, and 
GUls. A long-term contract with Visual 
Edge Software expanded Black & 
White's focus to include UIMIX, the 
leading GUI builder. In 1992, Black & 
White became a Value Added Reseller 
(VAR) for UIMIX with the charter to 
explore integrations with other market
leading technologies. 

Black & White Software is the leading 
supplier of a wide range of market-lead
ing tools for software development and 
productivity enhancement including: 
building graphical user interfaces, build
ing interactive graphics applications, 
creating front-ends and application con
nections to databases, and developing 
client-server applications. 

The Black & White corporate strategy 
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is to offer an integrated and inter
changeable set of tools for the graphical 
and client-server application develop
ment marketplace backed up by an 
experienced team of professionals for 
training, support, and consulting. Black 
& White products are packaged as indi
vidual components, add-ons, or inte
grated component sets to give develop
ers the option of acquiring the develop
ment tools they need as they need them. 

Black & White customers include 
Sun MicroSystems, lockheed, Boeing, 
Synoptics, and Martin Marietta. 

CORPORATE OFFICERS 

Charles White (at right) , President and 
Director of Engineering, began working 
on Graphical User Interface (GUI) soft
ware at McDonnell Douglas Automation 
in 1980, followed by positions at Daisy 
Systems and Cad lab in West Germany. 
A frequent speaker at conferences, 
Mr. White has been published in num
erous conference proceedings and 
trade joumals. 

Julia Miller, Director of Business Devel
opment, brings to Black and White ex-

tensive expertise in data bases, frame
work, and integration technologies. Prior 
to Black & White, she held the position 
of Manager of Open System Software 
Products in North America for Siemens 
Nixdorf Engineering Systems. Ms. Miller 
has published over thirty papers in her 
field and was recently an invited author 
for the IEEE Joumal. 

For More Information Write In No. 305 
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COLE-PARMER INSTRUMENT COMPANY 
Serving the Research and Technical Communities Worldwide 

Founded by Jerome J. Cole and 
John C. Parmer in January 1955, Cole
Parmer Instrument Company has grown 
from a two-person operation located in 
a 1200-square-foot loft to a multimillion 
dollar manufacturer and distributor of 
scientific instrumentation worldwide. 
Along with the company's rapid growth, 
Cole-Parmer is committed to providing 
outstanding personal service to each 
and every customer through its com
prehensive catalog, knowledgeable 
Applications Specialists, friendly sales
persons, prompt product shipments, 
and helpful Customer Satisfaction 
associates. 

To meet the increasingly specialized 
needs of its customers, Cole-Parmer 
Instrument Company established its 
own manufacturing division, Barnant 
Company, in 1957. In addition to provid
ing Cole-Parrner customers with innova
tive instrumentation, Bamant Company 
also offers OEM, customer product, and 
private label services. 

Recognizing that technical research 
takes place around the globe, Cole
Parmer Instrument Company estab
lished its own Intemational Sales divi
sion, Cole-Parmer International, in 1972. 
Currently some 60 international dealers 
market Cole-Parmer products and ser
vice to numerous countries, including 
those in the European Community and 
the Pacific Rim, in six continents world
wide. 

Cole-Parmer customers have come 
to rely on the company's general cata
log as a comprehensive reference for 
accurate product descriptions and 
detailed technical information. Cole
Parmer's brand new 1995-96 Catalog, 
scheduled for distribution beginning in 
August 1994, continues the company's 
tradition of offering its customers an 
ever expanding product selection. This 
1736-page, full color catalog presents 
more than 35,000 products, 4000 of 
them newly introduced. From its propri
etary line of Masterflex® tubing pump 

DATA TRANSIATION® 

systems to sophisticated equipment for 
biotechnology research, Cole-Parmer 
strives to help its customers stay on the 
cutting edge of current technology. 

Ongoing projects at Cole-Parmer 
Instrument Company include a compa
ny-wide focus on continuous quality 
improvement, ISO 9000 registration, 
and in-house calibration services for 
many products in the catalog. Cole
Parmer is currently planning to expand 
its facilities in a new company headquar
ters to service its customers better. 

Both Jerome J. Cole, Chairman of 
the Board, and John C. Parmer, Presi
dent, remain involved in all aspects of 
company operations. John C. Parmer 
states, "Our positive outlook welcomes 
challenges in corporate development as 
we seek to provide many interesting and 
new products to our customers in the 
future." 
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DT·OPEN LAYERS SOFTWARE FOR WINDOWSTMMAKES YOUR JOB EASIER 
Data Translation's® two newest 

applications under the DT -Open Layers® 
standard for WindowsTM development 
offer you unparalleled ease-of-use and 
productivity gains without compromising 
power and functionality. 

DT VEETM for Windows is a compre
hensive visual programming language 
that uses icons or objects, instead of 
text, to develop your data acquisition 
applications-fast. 

Begin with DT VEE's high-level 
objects that acquire, process, display, 
and share data. Program intuitively by 
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connecting these objects in a logical 
sequence. Then run. It's that easy. 

DT VEE's objects are intelligent, too. 
They accept any connection from anoth
er object or any data type. Objects are 
self-labeled for quick identification. 

Programs can be changed dynami
cally-add, replace, or delete objects 
on-the-fly-for fast debug. Automatic 
wiring makes connections between 
objects foolproof-DT VEE won't let you 
create "bad" wires. 

You can expand capabilities by cre
ating user objects that combine DLLs, 

other DT VEE objects, or your own 
tried-and-true algorithms. You can 
create your own objects, too, and 
reuse your code from application 
to application. 

DT VEE is fully compliant with 
DT-Open Layers standard. Plus, 
DT-VEE is based on HP VEE for 
WindowsTM, and is backed by the 
Hewlett-Packard and Data 
Translation commitment to quality. 

GLOBAL LAB Image® 3.0 
marks a revolutionary advancement 
in PC-based scientific image analy-

sis through its new modularity feature. 
An innovative architecture accommo
dates Add-In Modules that allow you to 
easily incorporate a variety of specialized 
functions into the already feature-rich 
GLOBAL LAB Image. You will be able to 
choose from off-the-shelf modules or 
develop your own. 

GLOBAL LAB Image puts an end to 
compromise. Modularity gives you the 
ability to add powerful, new capabilities 
to the easiest-to-use imaging package, 
while retaining its affordability. In this way, 
GLOBAL LAB Image will continue to grow 
with your changing application needs. 

This Add-In Module concept-an 
extension of DT-Open Layers-is offer
ed as a standard for imaging develop
ment under Windows. New modules are 
written as Windows DLLs, and their 
icons appear as tools in the GLOBAL 
LAB Image toolbox. 

To see DTVEE or GLOBAL LAB 
Image, call for a free evaluation, at 800-
525-8528. 

For More Information Write In No. 307 

NASA Tech Briefs, September 1994 



DIGI-KEY CORPORATION 
Electronic Components Distributor 

Started in 1969, Digi-Key initially sold 
a telegraphic keyer kit for HAM radio 
enthusiasts. It was this product from 
which the Digi-Key name derived. Sales 
of the keyer were discontinued in 1972 
as the company began selling electronic 
components and accessories to a 
nationwide market from its single loca
tion in Thief River Falls, Minnesota. 

With marketing efforts focused pri
marily on the hobbyist market in its first 
ten years, Digi-Key showed consistent 
sales growth. Then in 1982 the compa
ny began redirecting its marketing 
efforts to the industrial user. This posi
tioned the business for continued sales 
growth. Of the more than 1,500 elec
tronic component distributors in the 
United States, Digi-Key sales ranked 
42nd in 1989, 37th in 1990, 31 st in 
1991, 27th in 1992, moved up to 25th 
in 1993, and expects to break the ranks 
of the top 20 in 1994. 

According to the annual "Engineering 
& Distribution Survey" conducted by 
Electronic Engineering Times, Digi-Key 
has been the top-rated distributor in the 
United States in terms of "Overall 

Performance" the past three years. 
Results from the most recent survey 
showed that 90 percent of Digi-Key's 
customers rated them "excellent." The 
next closet distributor had a rating of 53 
percent. 

Digi-Key provides "off-the-shelf" 
delivery on 95 percent of the tens-of
thousands of items listed in their cata
log. This is a "fill rate" that is more than 
twice the industry average. Digi-Key is 
also committed to ship all orders 
entered by 5:00 p.m. central time the 
same day. Complementing this is Digi
Key's recent ISO 9002 certification for 
their quality assurance systems, cover
ing the entire order entry-through-ship
ping process. 

"We believe Digi-Key provides the 
best service in the industry," says Digi
Key president Mark Larson. "With a 30 
percent compound annual rate of sales 
increase for the past 20 years-none as 
a result of acquisition-l am confident 
that this rapid rate of sales growth is 
perhaps the best testimony to the quali
ty Digi-Key consistently provides to it's 
customers." 

Digi-Key recently broke ground for a 
170,000 sq. ft. addition, increasing Digi
Key's total facility to approximately 
300,000 sq. ft. 
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DSP DEVEWPMENT CORPORATION 
Data Acquisition, Analysis, and Visualization Software 

If your working life is consumed by 
collecting, analyzing, visualizing, crunch
ing, and reporting on your data, you 
should be interested in DADiSP. DADiSP 
is a visually-oriented software package 
for the display, management, analysis, 
and presentation of scientific and techni
cal data. If you collect, manipulate, edit, 
reduce, transform, display, or analyze 
your data, and you 
don't want to have 
to program, 
DADiSP can han
dle and simplify 
your data needs. 
In short, DADiSP 
improves your 
day-to-day prod
uctivity. Point
and-click opera
tions, icons, but
tons, and pop-up 
menus let you 
choose from hun
dreds of functions. 
We could continue 
describing the 
product, but read 
what customers 
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say; and them call for a FREE product 
trial: 

• " ... able to complete at least 50% 
more work in the same amount of 
time ... " 

• "The ability of DADiSP to provide 
custom time series data analysis without 
modifying or writing software makes the 
program a very powerful tool." 

• "Simplicity itself to use. The graphi
cal waveform processor equivalent of a 
powerful word processor. The use of 
DADiSP has dramatically decreased the 
time spent extracting and analyzing data." 

• "There is a wealth of built-in func
tions available ... the worksheets and 
types of analysis possible are virtually 
unlimited ... " 

Users in industry, govemment, and 
education have successfully applied 
DADiSP in the following areas: • data 
analysis • data acquisition and input • 
scientific visualization • data manage
ment • graphics • signal processing • 
statistical analysis • test and measure
ment • laboratory automation • experi
mental hypothesis testing • communica
tions • medical research • image pro
cessing • quality management • 
process monitoring • physiology experi
ments • noise and vibration analysis • 
radar and sonar analysis. 

Contact: DSP Development Corp., One 
Kendall Square, Cambridge, MA 02139. 
Tel: 617-577-1133; Fax: 617-577-8211. 

For More Information Write In No. 309 
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DUPONT ENGINEERING POLYMERS 
For cost-effective product design, 

look to DuPont Engineering Polymers. 
In choosing altematives to metals, 
ceramics or other materials, product 
designers can gain the dual benefits of 
high performance and value in use with 
component parts and resins from 
DuPont Engineering Polymers. 

Fabricated parts 
DuPont custom-fabricates "Vespel" 
polyimide parts and shapes to fulfill 
needs for ultra-high performance in 
bearings, insulators and other appli
cations. Key characteristics include: 
• Continuous operation at 280 °C 
(550 oF) with excursions to 480 °C 
(900 oF) • Low wear and friction at high 
pressures and velocities • Outstanding 
creep resistance • Lubricated or unlu
bricated performance • High strength 
and impact resistance. 

To leam more about the benefits of 
DuPont "Vespel" parts in your applica
tion, call 800-972-7252. 

Engineering Plastics 
DuPont engineering thermoplastic resins 
offer a combination of mechanical 
strength, toughness, heat resistance, 

EPIX, INC. 

wear resistance and chemi
cal resistance that sets 
them apart from general
purpose plastics. A single 
injection molded compo
nent can often replace 
several metal or thermo
set parts. In addition, such 
parts can be readily as
sembled using low-cost 
techniques such as snap 
fitting or ultra-sonic weld
ing. The bottom line: lower 
part and assembly costs 
with equivalent or superior 
performance, durability 
and appearance. 

Five families of DuPont 
engineering polymers are 
available to meet your 
specific needs: 
• NEW "Zenite" liquid crystal polymer 
resins. 
• NEW "Zytel" HTN high temperature 
nylon resins. 
• "Delrin" P acetal resins. 
• "Zytel" nylon resins. 
• "Minion" engineering thermoplastic 
resins. 

Tomorrow's Imaging Today 
EPIX provides state of the art hard

ware and software to OEMs, system 
integrators, VARs, and end users in the 
image processing industry with its flexi
ble image acquisition, processing, and 
display hardware and supporting soft
ware for PC/AT compatible computers. 

EPIX imaging boards and software 
interface to almost any video source 
including video cameras, recorders, high 
resolution and/or high frame rate cam
eras, line scan cameras, medical and 
graphical displays, etc. User-customiz
able menu driven image processing 
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software provides morphology, blob 
analysis, motion analysis, densitometry, 
measurement, filtering, transforms, arc
hiving, and annotation. DOS and Win
dows compatible object code libraries 
are also available, providing comprehen
sive support for C programmers. 

The 4MEG Video Model 12, available 
with 4, 16, or 64 Mbytes of on-board 
memory, features programmable memo
ry configurations: high resolutions up to 
31,000 pixels per line, or up to 16,000 
lines; or lower resolutions for image 
sequences with over 65,000 frames. 
Capture and display can be accom
plished with up to 50 MHz sampling/dis
play rates using an intemal or extemal 
pixel clock. The Model 12 also features 
a 12 MIPS (50 MHz) on-board digital 
signal processor that performs 12 million 
instructions per second to provide high
speed image processing. 

Together with 4MEG VIDEO Model 
12, the NEW IMAGE MEMORY 
EXPANSION, pictured here, allows up 
to 256 Mbytes of image memory to be 
added to the Model 12 for real time cap
ture of 872 images, 640 pixels by 480 
lines, storing 29 seconds of video at 

• "Rynite" thermoplastic polyester 
resins. 
• "Hytrel" engineering thermoplastic 
elastomers. 
To leam more about what DuPont engi
neering resins can do in your applica
tions, call 800-441-0575. 
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30 fps! Memory configurations of 4, 8, 
12, 16,32, 48,64,128,192,and256 
Mbytes are available to enhance almost 
any imaging application. Image memory 
is upgradable to adapt to expanding 
applications. All features of the Model 12 
are available with addition of the IMAGE 
MEMORY EXPANSION including 
sequential capture, configurable image 
buffers, programmable video formats, 
image display, and on-board process
ing. The IMAGE MEMORY EXPAN
SION supports all Model 12 camera 
interfaces operating at data rates 
between 2 MHz and 30 MHz. 

The 4MEG VIDEO Model 10 imaging 
board offers a 10 MIPS DSP application 
accelerator, up to 24 MHz sampling/dis
play rate, and up to 4 megabytes of 
reconfigurable image memory. 

The SILICON VIDEO MUX series of
fers a high resolution single-board frame 
grabber which can digitize from 6 video 
sources at 2 to 40 MHz sampling/display 
rates, with 1 or 4 megabytes of image 
memory, and programmable video reso
lution and timing as well as acquisition 
of standard and nonstandard video. 
For More Information Write In No. 311 
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FREQUENCY ELECfRONICS 
Our mission is to design, develop 

and produce components, systems and 
services that set the world 's standards 
for excellence and leadership in the pre
cision time and frequency technologies 
for US defense and space programs, 
and for commercial and global markets. 

For the future: We are committed to 
sustaining our focus on the precision 
time and frequency segment of our busi
ness, looking particularly to new com
mercial opportunities as we grow and 
change, and continuing to be a leader in 
the markets we serve. 

Frequency Electronics Inc. (FEI). the 
leader in precision time and frequency 
technologies to support US defense and 
space programs is now our growth on 
commercial and global markets. Our 
unique technologies are opening new 
opportunities worldwide for FEI. In this 
connection, we are exploring strategic 
alliances in the US and overseas. 

New commercial products that will 
lead the way for FEI : 
• The Commercial Rubidium Atomic 
Standard is now in its first production 
run. This new, extremely small atomic 
standard is attracting more and more 

GE PIASTICS 
In 1928, GE established a large phe

nolic compounding plant in Pittsfield, 
Massachussets. Two years later, it cre
ated a separate Plastics department that 
not only produced resin, but also 
designed and manufactured molds for 
the plastics industry. Twenty years later, 
the Chemical Materials Department was 
established in Pittsfield and was the site 
of pioneering research and development 
efforts that initiated the global leadership 
GE Plastics currently enjoys. 

Today, GE Plastics is the recognized 
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attention because of its dependable per
formance and low base cost as ideally 
suited for use in advanced cellular com
munications, wireless telecommunica
tions, and navigation applications. 
• The Subminiature Oven Controlled 
Commercial Quartz Oscillator is a low
cost high performance precision crystal 
oscillator that is being incorporated into 
growing numbers of systems for satellite 
transmission, airborne telephony, and 
geophysical 
survey posi
tioning. 
• The Very 
Small Aperture 
Terminal (VSAT) 
Transceiver rep
resents a large 

FEI: Rubidium 
Atomic Model 
FE-5650A 
Standard. 
Low-cost, for 
commercial 
communica
tions systems. 

leader in engineering plastics, with over 
12,000 employees worldwide and sales 
of about $5 billion. From its world head
quarters in Pittsfield, as well as its 
European center at Bergen op Zoom, 
The Netherlands and Pacific operations 
headquartered in Singapore, GE Plastics 
is dedicated to exploring new frontiers in 
plastiCS conversion technology. 

The company has established the 
world's foremost facility for polymer 
research and application development 
at its Pittsfield-based technology center. 

And, its Living Environments 
concept house near company 
headquarters serves as a living 
laboratory for advanced mate-

Leading-edge technologists are 
right at home in GE Plastics' 
Living Environment concept 
house near company head
quarters in Pittsfield, Mass. 
Designed as a living laboratory 
for advanced materials and 
processes, the 3,000 sq. ft. 
dwelling is the proving ground 
for ongoing innovations in 
building design, manufacturing 
and construction. 

new market for earth stations transmit
t ing voice and data circuits via satellite. 
Compared to other competitive units 
presently on the market, our units are 
smaller in size, lower in cost, and offer 
higher reliability. We achieved these 
results by the effective application of our 
aerospace experience and technology 
to this new commercial product. 
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rials and processes. Other GE Plastics' 
global components include the 
Silicones, Superabrasives and 
Electromaterials businesses. 

From the introduction of engineering 
plastics through decades of advances, 
GE has remained the industry leader 
and innovator. Where most suppliers' 
R&D efforts focus on a single class or 
family of materials, GE Plastics offers a 
spectrum of basic chemistries. Around 
the world , architects, contractors and 
component manufacturers are capitaliz
ing on GE engineering thermoplastics for 
performance beyond the capabilities of 
traditional materials. 

GE Plastics' portfolio of engineered 
materials provide exceptional strength, 
durability, weather resistance and 
weight efficiencies, allowing design ver
satility for multi-functional components 
and modular assemblies. Combine 
these benefits with unprecedented 
economies of production and 
unmatched program development sup
port and you'll see why GE Plastics sets 
new standards in performance, speed, 
and innovation. 

For More Information Write In No. 313 
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GENERAL DEVICES 
ENCLOSURES AND SLIDES MEET CRITICAL TECHNICAL REQUIREMENTS 
FOR DESIGN ENGINEERS 

The technology required to develop 
and manufacture enclosure systems for 
electronic applications has progressed 
nearly as fast as the equipment the sys
tems contain . 

Forty-year-old General Devices first 
recognized the necessity for keeping up 
with components when company 
founder Herbert Fall, while serving as a 
World War " Naval officer, pioneered the 
telescoping slide making "hard" rack
mounted equipment easier to access. 

It was too obvious-slide the equip
ment to you for maintenance instead of 
completely disconnecting and removing 
from the rack. 

General Devices uses flexible manu
facturing methods to produce the basic 
components of Vent Rak® cabinets and 
racks. Standard components can be 
modified for unique applications: 

• custom vertical panel openings, 
panel widths or cabinet depths • speci
fied access and control cutouts • struc
tural reinforcements • special airflow 
provisions • low or very high level 
EMI/RFI shielding 

RFVEMI CABINETS 
Solving RFI/EMI problems is most 

effective at the point of origin, but in 
many cases the solution must be found 
downstream from the source. General 
Devices' Vent Rak cabinets provide the 
required shielding attenuation to meet 
military or commercial testing applica
tions. Vent Rack cabinets of steel or alu-

minum act as a barrier between emitter 
and susceptor of EMF. These enclo
sures provide shielding by reflecting and 
absorbing the electromagnetic radiation. 

Normally, the shielding effectiveness 
of a solid conductor barrier (steel or alu
minum enclosure welded along all 
seams) can be significant. However, it is 
not the limiting factor in achieving high 
shielding effectiveness. The amount of 
shielding achievable is controlled by bar
rier discontinuities such as apertures, 
seams, cable penetrations and air vents. 

Shielding and cooling requirements 
demand air filters or vent panels that are 
opaque to EMI but still offer minimum 
resistance to air flow. Barrier discontinu
ities and seams are a necessary part of 
the enclosure design, which is also limit
ed by production limitations, accessabili
ty, and maintenance of the equipment to 
be mounted in the enclosure. 

General Devices' enclosures and 
cabinets meet all military, commercial 
and consumer specifications goveming 
EMI and RFI. 
For More Information Write In No. 314 

GOULD INSTRUMENT SYSTEMS, INC. 
Gould Instrument Systems, Inc. has 

been manufacturing test and measure
ment instruments and analysis software 
for the aerospace industry for more than 
60 years. It was a Gould recorder that 
was used to monitor the first US satel
lite to reach the moon. Our global sales, 
application support and service organi
zations provide on-the-spot support 
and assistance whenever, and wher
ever, it's needed. 

Gould has been a pioneer in the 
design and manufacture of high-perfor
mance recording instruments, digital 
storage oscilloscopes, data acquisition 
systems, Signal conditioning and analy
sis software. According to Edward L. 
Morrison, President and Chief Executive 
Officer, "The requirement for success 
today is based on listening to our cus
tomers and understanding their busi
ness and challenges. But more impor
tantly, we must independently observe 
their operations and the way the 
employees perform their functions. If we 
do both of these things, we will develop 
products that solve problems they have 
today and then avoid problems they 
probably haven't even thought about." 

Test requirements are becoming 
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more sophisticated and more demand
ing. Therefore, we are developing prod
ucts with an open architecture that will 
expand with our customers' test re
quirements. Today everyone is doing 
more with less. Tough economic condi
tions and tougher worldwide competi
tion demand that we make the best use 
of available resources and design instru-

ments that will help our customers make 
the most efficient use of their test facili
ties and their test engineer's time; in
struments that combine the functions of 
several test instruments in a single, inte
grated product controlled by a simplified 
graphic user interface. 
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GOVERNMENT TECHNOLOGY 
SERVICES, INC. (GTSI) 
Uniting Government with Technology 

GTSI is the leading reseller of micro
computer and Unix workstation hardware, 
software and networking products from 
the largest selection of brand name manu
facturers to the federal govemment mar
ket. GTSI specializes in offering a variety 
of mobile, desktop and engineering work
station computing solutions and cross
platform integration services for DOS/ 
Windows- , Unix-RISC- and Macintosh
based networking solutions. GTSI sells 
directly and indirectly to all departments 
and agencies of the federal govemment, 
many state and local govemments, and 
hundreds of system integrators and 
prime contractors that sell to the govem
ment market. GTSI provides more than 
36,000 products from over 350 manufac
turers and is recognized as a true one
stop shop for technology-based solu
tions. GTSI makes these products avail
able through a variety of important pro
curement vehicles such as GSA 
Schedules A and B/C, the Air Force 
Desktop IV contract, Navy Companion 

• • 
contract, and the NASA SEWP contract. 

GTSI recently announced a series of 
modification to its NASA SEWP con
tract, which added more than 10 major 

products and was essentially trans
formed into a more diversified ordering 
vehicle for govemment customers. New 
products include technology solutions 
such as Lotus Notes, Hewlett-Packard 
printer products, and database platforms, 
such as Informix, to provide relational 
database management capability. In 
addition to all NASA centers, the con
tract is available to all other government 
agencies, both defense and civilian, as 
well as NASA contractors under cost
reimbursement contracts. 

With a constant focus on customer 
services and satisfaction, GTSI sets the 
standard for, and is the undisputed 
leader in, providing technology solutions 
to the government market. 

Contact: Deborah M. Tucker, GTSI, V.P. 
Corp. Communications, 4100 Lafayette 
Center Drive, Chantilly, VA 22021 . Tel: 
703-502-2000; Fax: 703-222-5210. 
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HARRIS COMPUTER SYSTEMS 
Harris Computer Systems has been 

providing quality computer products and 
services to Government and Commer
cial markets for than twenty-five years . 
A technology leader and innovator, Har
ris introduced the industry's first open 
architecture, standards-based secure 
UNIX® multiprocessor systems in 1987, 
and received the industry's first NCSC 
B1-level rating of 
an integrated 
secure solution 
in 1993. 

Today, the 
organization is 
focused in three 
business areas: 
Simulation, Data 
Acquisition and 
Secure Com
puting . Harris 
designs, manu
factures, distrib
utes, and sup
ports the Night 
Haw~ family of 
high-performance, 
real-time, multi
processing com
puters; real-time 
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and multi-level secure (MLS) UNIX® op
erating systems and network solutions, 
real-time software development tools. 

Night Hawk computers, the systems 
of choice for real-time, mission-critical 
applications such as simulation, integra
tion and test of flight system compo
nents, launch support, flight dynamics, 
command management, schedule and 

resource management, and flight op
erations for monitoring and controlling 
spacecraft and instrumentation, are 
available to NASA and other govern
ment agencies under SEWP Contract 
#NAS5-37003. 

In addition, Harris provides a number 
of related products, such as NightStar 
software development tools specifically 
de-signed for real-time multiprocessing 
en-vironments, HAPSE and ARMS Ada 
language support environments, fully 
integrated Advanced Telemetry Pro
cessing Systems, C2, B1 , and B2-level 
Trusted Systems, and migration tools 
and assistance deSigned to move exist
ing programs from aging proprietary 
systems to the open architecture Night 
Hawk platform. 

Contact: Harris Computer Systems, 
Marketing Communications MS #101, 
2101 W. Cypress Creek Road, Ft. 
Lauderdale, FL 33309. Tel: 305-973-
5125 (Marketing Communications); 
Tel: 305-973-5144 (Sales Support); 
Fax: 305-977-5580. 
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IMAGING TECHNOWGY INC. 
For over a decade, Imaging Tech

nology's products have been used by 
original equipment manufacturer (OEMs), 
system integrators and end users who 
integrate systems to automate process
es that replace human vision. These sys
tems solve applications that are tedious, 
time-consuming, hazardous, or that push 
the limits of human vision and perception. 

Imaging Technology provides modu
lar, open architecture vision processors 
and advanced software tools that are 
primarily used to develop high-perfor
mance system solutions in three indus
try segments. 

• Industrial Machine Vision 
• Scientific and Medical Image 
Analysis 

• Aerospace and Defense 

ITI has acquired a unique understanding 
of machine vision and image processing 
requirements. Based on this experience, 
ITI has developed a modular, flexible, 
open hardware system and software 
tool set known as the Modular Vision 
Computer MVC 150/40. 
• Modularity 
The modular architecture of the MVC 

150/40 allows the system designer to 
purchase only what is required for the 
specific application. A minimum configu
ration can be expanded, as necessary, 
with up to 15 specialized modules. 
·Speed 
Driven by its 40 MHz pipelined architec
ture, the MVC 150/40 is the fastest 
vision processor available today, capa
ble of processing a 512 x 512 image in 
less than 7.5 milliseconds. Applications 
not possible with previous vision tech
nology are now easily addressed and 

applications already using 
vision technology can be 
vastly improved by process
ing more images, and/or ana
lyzing more data per image in 
less time. 
• Camera Interfaces 
The MVC 150/40 rapidly inter
faces to a wide variety of 
cameras such as 
RS170/CCIR, RGB. line scan 
and large area scan cameras 
through plug-on acquisition 
modules and custom cables. 
• Comprehensive Software 
Tools 

The MVC 150/40 hardware is supported 
with comprehensive software libraries 
that are compatible with ~OS, Win
dows, Sun OS, and Solaris, plus VxWorks 
and OS/9 real-time operating systems. 
• Open System Platform Support 
Available in VMEbus and VESA Local 
Bus versions (with S-bus through a bus 
translator), the MVC 150/40 is specially 
designed to work with a variety of host 
computers and peripherals. 
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INTEGRATED ENGINEERING SOFlWARE 
Integrated Engineering Software con

gratulates NASA Tech Briefs on its 10th 
anniversary. Integrated specializes in the 
development of fully integrated Computer
Aided Engineering (CAE) 20/30 soft
ware for electromagnetic design and 
analysis. All programs are based on the 
Boundary Element Method (BEM), now 
recognized as the most powerful field 
solution algorithm available. 

1994 also marks Integrated's 10th 
year anniversary. In 1984, company 
founders Dr. Y. Bulent Yildir and Mr. 
Bruce Klimpke completed their develop
ment of a 3D electrostatic field analysis 
package during their graduate study at 
the University of Manitoba. This package 
was sold to US Naval Labs through the 
University of Manitoba, and proved to be 
so popular that they were inundated 
with further requests. The company was 
incorporated that same year, and estab
lished the first sales office in Winnipeg in 
May 1984. 

The first program developed explicitly 
for commercial use was ELECTRO 
(20/RS electrostatic) in 1985, followed 
by MAGNETO (20/RS magnetostatic) in 
1987. In 1987 Integrated also estab
lished a US office in Ann Arbor, 

142 

Michigan. COULOMB 
(3~ electrostatic) was in
troduced in 1989. By 1990, 
the two offices were con
solidated into one home 
office in Winnipeg, where 
Integrated has remained 
ever since. AMPERES 
(3~ magnetostatic), was 
produced in 1991, and 
Oersted (20/RS time 
harmonic) in 1992. Cur
rent projects under devel
opment include KELVIN 
(20/RS heat transfer) and 
FARADAY (3D time har
monic), which are now 
circulating in beta versions. Integrated 
software is exclusively distributed in 
Japan by Sea Corporation, and enjoys 
a limited distributor arrangement for 
Europe with Dr. Hans K. Asper of 
Switzerland. 

Company President Dr. Y. Bulent 
Yildir looks forward to the next ten 
years: "We intend to continue our tradi
tion of combining quality innovation with 
superior customer support and service. 
Since we are so customer-driven, 
Integrated's customers will be the ones 

determining our direction in the next 
decade and beyond. However, we do 
plan to develop more programs covering 
a much broader spectrum of engineer
ing applications. I'd also like to say that 
we are really proud of our achievements 
over the last 10 years, having helped the 
most innovative R&D groups in many 
high technology companies to design 
more efficient and cost -effective engi
neering components and equipment." 
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KEITHLEY METRABYfE 
Data Acquisition hardware and software 

Keithley MetraByte is the world's 
largest supplier of PC-based data acqui
sition hardware and software. Its prod
ucts are sold worldwide to industrial, 
educational, and scientific-research 
organizations engaged in laboratory 
automation, experimentation, process 
control and data collection applications. 
The long list of applications range from 
avionics to zoological research and is 
limited only by the ingenuity of the engi
neers who use these products. 

Keithley Metrabyte was the first sup
plier in the field of data acquisition certi
fied as being in compliance with the ISO 
9001 standard of the International 
Standards Organization. It achieved 

compliance for both hardware and soft
ware products. 

Examples of the industry-leading 
products to come from Keithley Metra
Byte are the VisualDAS software and 
the DAS-1800 Family of data acquisi-

tion boards. VisualDAS is a set of data 
acquisition custom controls for Micro
soft's Visual Basic for Windows. The 
VisualDAS custom controls simplify 
data acqusition by replacing large sec
tions of code with simple Windows 
property boxes. 

The DAS-1800 Family is a family of 
data acquisition optimized for high per
formance in Windows. All three products 
in the family feature fast 12 or 16-bit 
NO converters, dual channel DMA data 
transfers, large on-board FIFOs and a 
gain channel queue. These features 
allow gap-free data acquisition under 
DOS or Windows at up to 333 ksam
pies/second. 

For More Information Write In No. 320 

VisualDAS custom controls replace large 
sections of code with simple property 
boxes. (Top) 

The DAS 1BOOst board is one of Keithley 
MetraByte's DAS-1BOO family of high
speed, high performance data acquisition 
boards. (Left) 

KOLLMORGEN INlAND MOTOR 
FAST Drive Digital PWM Servoamplifier 

Kollmorgen Inland Motor introduces 
a digital, PWM servoamplifier for use in 
high performance motion control appli
cations. The Flexible Amplifier Servo 
Technology Drive (FAST Drive). can 
operate a broad range of motors includ
ing brush and brushless, permanent 
magnet, linear, printed disc, and AC 
induction. Through the use of Digital 
Signal Processors (DSPs) and Field 
Programmable Gate Arrays (FPGAs) the 
FAST Drive is extremely flexible, virtually 
eliminating changes in hardware for vari
ous amplifier configurations. The motor 
type, pole count, feedback type, and 
motor phasing are automatically config
ured by activating the "Auto-Config" 
input. Advanced features such as loop 
type, loop compensation, programma
ble current limit, phase advance, and 
communication mode are user config
urable via the RS-232 serial port. 

Two basic mechanical configurations 
are available, the single board FAST 
Drive, 1000 watts and the 2-board Fast 
Drive, 2000 to 6000 watts. The units are 
packaged in a DIN standard Eurocard, 
6U height package. The standard con
figuration includes a chassis with integral 
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power supply for single-axis applica
tions. Multi-axis applications are ideally 
suited to the Euro-card packaging. A 
stand-alone cold plate version will be 
available soon. 

Contact: Kollmorgen Inland Motor, 501 
RrstStreet, Radford, VA 24141. Tel: 
703-639-9045; Fax: 703-731-4193. 

For More Information Write In No. 321 

143 



lAKE SHORE CRYOTRONICS, INC. 
Nearly three decades of innovation ... 

Lake Shore Cryotronics, Inc. is an 
innovator and international leader in the 
development of wor1d-class measure
ment and control technology. Since its 
inception in 1968, Lake Shore has met 
the technological needs of sCientists, 
researchers, industrial manufacturers 
and related customers by pioneering the 
field of low-temperature measurement, 
and today being recognized as the 
wor1d's leading supplier of cryogenic 
temperature sensors. Near1y one half of 
Lake Shore's employees have technical 
degrees, many with Masters or PhDs in 
disciplines spanning engineering, 
physics or material science. 

Continually expanding product 
portfolio ... 

Lake Shore's first product was a 
GaAs diode temperature sensor which 
was the first cryogenic sensor available 
commercially to cover the temperature 
range from 1 to 400 K. This product 
resulted in the company's first of five 
R&D 100 Awards for one of the 100 
most significant technical developments 
for a specific year. Additional tempera-

ture sensors including Carbon Glass, 
Rhodium-iron, Platinum Resistance, and 
Silicon Diode have been specified for 
such projects as the Space Station, 
National AeroSpace Plane, and Continu
ous Electron Beam Accelerator Facility. 
An introduction of a new family of tem
perature sensors with low magnetic field 
dependence resulted from a Depart
ment of Energy grant. These sensors 
provide new options in thermometry for 
use in materials research. Strategically, 
Lake Shore has used its sensor technol
ogy base to drive growth with comple
mentary component instrument and sys
tem products. Foreseeing a growing 
market for measurement and control of 
temperature, Lake Shore's product line 
grew to include temperature thermome
ters, monitors, controllers, and transmit
ters. In 1992, the introduction of the 400 
series gaussmeters and Hall probes en
hanced the successful magnetic mea
surements group products including AC 
Susceptometer/DC Magnetometer, true 
four-quadrant magnet power supplies, 
and laboratory electromagnets. Lake 
Shore further strengthens its expanding 
business base with the systems division 

LOCKHEED CORPORATION 
Lockheed Corporation, headquarted 

in Calabasas, California, ranks as one of 
the largest NASA contractors. The cor
poration had sales of approximately $13 
billion in 1993 and employs about 
77 ,000 people. 

Lockheed is a world leader in space 
system technology with core capabilities 
in designing and producing satellites, 
missiles, and launch vehicles, as well as 
providing a wide range of government 
and commercial space and engineering 
services. 

Lockheed's prinCipal space divisions are 
these: 

Lockheed Missiles & Space 
Company Inc. (LMSC) is headquarted 
in Sunnyvale, California and itself has 
four operating divisions: Missile Systems 
and Space Systems in Sunnyvale, 
Research and Development in Palo Alto, 
and Austin in Texas. 

LMSC has played a significant role in 
NASA's international space station pro
gram since the program's inception in 
the early 1980s and headed a major 
effort to automate the design and devel
opment of the station's software. LMSC 
also did the systems engineering, devel-
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oped the support systems module. and 
conducted integration and system test
ing for the Hubble Space Telescope. 
The company now helps to control the 
HST from ground station at NASA's 
Goddard Space Flight Center in 
Greenbelt, MD. Lockheed supported 
NASA's first Hubble servicing mission by 
helping to build service tools and equip
ment, train the astronauts, and develop 
mission and operations plans. 

Commercial space activities include 
development of space imaging satellites, 
a family of new commercial launch vehi
cles, and space materials development. 
LMSC will develop the spacecraft bus 
for the Iridium space-based telecommu-

acquisition of the Vibrating Sample Mag
netometer (VSM) technology from EG&G 
Princeton Applied Research. With state
of-the-art, magneto-resistive sensor 
technology, Lake Shore's newly expand
ed industrial division manufacturers pat
ented precise position/velocity measure
ment products for AC/DC motors. Lake 
Shore is constantly seeking new mar
kets for present technology and acquir
ing new ideas and patents by license, 
purchase, or informal associations. 
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nications system. LMSC also is part of a 
consortium with worldwide rights to 
market launch services for the Russian 
Proton rocket. 

In military space, Lockheed has deliv
ered to the US Air Force the first Milstar 
communications satellite, which was 
launched in early 1994. 

Lockheed Technical Operations 
Company (L TOC) based in Sunnyvale, 
California provides engineering, testing, 
and training services to the Air Force 
Space Division. 

Lockheed Engineering & 
Sciences Company (LESC) is head
quarted in Houston, TX and provides 
technical support services to NASA, 
among other clients. 

Lockheed Space Operations 
Company (LSOC) is headquarted near 
Kennedy Space Center in Florida and is 
responsible for all shuttle ground pro
cessing tasks as well as the launching 
and recovery of America's space shut
tle fleet. 
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THE MAcNEAL-SCHWENDLER CORP. 
The world standard in finite element analysis software 

The MacNeal-Schwendler Corpora
tion (MSC) is the leading developer of 
finite element analysis (FEA) software 
used in the field of computer-aided engi
neering. The predictive engineering 
approach-simulating the performance 
characteristics of a design before it is 
built or before a physical prototype is 
developed-has saved companies hun
dreds of millions of dollars in research , 
design, engineering, and manufacturing. 

MSC provides 25 percent of the 
world's software for computer analysis 
of mechanical designs and is leading 
industry efforts to expand the market 
from a current $380 million to a potential 
market goal of two billion dollars over 
the next several years. In February, MSC 
announced plans to introduce during 
1994 a new generation of integrated 
analysis and optimization software pack
ages that will allow even small compa
nies with limited computing power to 
develop many types of products better, 
faster, and at a lower cost-with less 
need for many iterations of costly and 
time-consuming physical prototypes. 

The MSC product line 
includes our core product, 
MSC/ NASTRAN, a powerful , 
highly flexible analysis pro
gram on an open architecture 
for analyzing the stress, 
vibration, and heat transfer 
characteristics of structures 
and mechanical components. 
Besides MSC/NASTRAN, our 
fully integrated family of pre
dictive engineering products 
include MSC/ARIES for full
function solid modeling and 
FEM and FEA pre- and post 
processing; MSC/EMAS, an 
electromagnetiC analysis sys
tem for Electrical Apparatus, 
EMC, RF & Microwave, and 
Antenna; MSC/DYTRAN, for 
solving highly nonlinear, tran
sient dynamic problems; MSCI 
ABAQUS, for advance material models, 
special purpose finite elements, user 
specified routines, and coupled analysis 
procedures; and MSC/PARTNERS, a 
collection of software technologies de-

veloped by partner companies and pro
vided by MSC to meet specific needs of 
the design engineering community. 
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MANUGISTICS STATGRAPHICS Plus for Windows 
A New Dimension in Data Analysis 

STATGRAPHICS® Plus for Win
dowslM is the easiest-to-Iearn, easiest
to-use PC-based statistical analysis tool 
on the market today, giving you instant 
and easy mastery of the statistical rou
tines you use most. DeSigned for quality 
control engineers, statisticians, mathe
maticians, and others with a need for 
comprehensive data analysis, STAT
GRAPHICS Plus for Windows com
bines a broad range of procedures 
with uniquely interactive graphics. 

Special features include StatFolio, 
the revolutionary way to automatically 
save and reuse your analyses, Dynamic 
Data Exchange (DDE) support that elimi
nates the need to import data from a 
spreadsheet, and interactive graphics 
inside every procedure that let you fully 
interrogate data on the screen. Query 
points on a graph or easily customize 
your output to include your choice of 
fonts, colors, and sizes. 

The STATGRAPHICS Plus for 
Windows base system gives all of the 
day-to-day statistical tools you need: 
regression analysis; ANOVA; one-, two-, 
and multiple-variable analyses; explora
tory data analysis; distribution fitting ; 
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crosstabulation; and much more. Then 
choose whatever additional statistical 
functionality you need from our array of 
optional add-on modules including 
Quality Control, Experimental Design, 
Time Series, and Multivariate Statistics. 

If you've been contemplating a move 
to Windows for statistical analysis, now's 
the time. You 'll find everything you want 

in a statistics package in STATGRAPH
ICS Plus for Windows. 
Manugistics, Tel: 1-800-592-0050; 301 -
984-5123 in Maryland; 301 -984-5412 
from outside the USA or for the name of 
the dealer. 
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MATHSOFT, INC. 
. : MathSoft develops, markets, and 

supports general purpose software tools 
for technical professionals, educators, 
and students. Its principal product, 
Mathcad, enables desktop computer 
users to perform calculations, from the 
simple to the elaborate, and then docu
ment the results. Mathcad provides a 
"live: easy-to-modify software altema
tive to scratch pads, whiteboards, cal
culators, and spreadsheets. 

An example of Mathcad's parametric 
surface plotting capability is a torus With 

Founded in 1984, MathSoft is the 
leading provider of technical calculation 
software for desktop systems. It has 
shipped more than 500,000 licensed 
units of Mathcad. Users include techni
cal professionals at more than half the 
Fortune 1000 companies, 2,000 col
leges and high schools, and 450 gov
emment and defense installations. 

The company acquired StatSci , 
maker of S-PLUS interactive data analy
sis and programming software in June 
1993. StatSci is located in Seattle, 
Washington. The new division remains in 
Seattle and broadens MathSoft's prod
uct line and market reach. 

Central to MathSoft's product philos
ophy and its key competitive differentia-

~ a variable radius. 

tion, is the company's emphasis on pro
viding easy-to-use software tools for a 
wide range of technical calculations. 
While other products focus on specific 
types of calculations and have complex, 
command-line user interfaces, Mathcad 
has a familiar, straightforward interface 
that enables the product to address uni-

THE MATHWORKS, INC. 
MATLAB® Technical Computing Environment 

Now employing over 200 people, 
The MathWorks Inc. was founded in 
1984 and is located in Natick, MA. The 
founders of The MathWorks recognized 
the need among engineers and scien
tists for more powerful computation en
vironments beyond that represented by 
procedural languages such as Fortran. 

In response to that need, they com
bined their expertise mathematics, engi
neering, and computer science to devel
op MATLAB®, a high-performance tech
nical computing environment that com
bines comprehensive math and graphics 
functionality with a powerful high-level 
language. 

The MathWorks has also developed 
SIMULlNf<® for simulating nonlinear 
dynamic systems, Real-Time Work
shopTM for real-time C code generation, 
and an extensive family of add-on prod
ucts called toolboxes to meet the more 
specific needs of vertical-market scien
tific and engineering applications. Over 
150,000 technical professionals today 
use MATLAB to explore, analyze, simu
late, design, and solve their most com
plex and challenging problems. 

MATLAB, the underlying numeric 
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computation foundation for all of The 
MathWorks products, combines hun
dreds of built -in mathematical functions 
with powerful 20 and 3D graphing 
capabilities. In addition, MATLAB offers 
an underlying programming environment 
that enables users to create their own 
functions in a fraction of the time 
required to write a program in Fortran, 
Basic, or C. MATLAB offers the conve
nience of an application package and 
the flexibility of a language to customize 
and add new functions as needed. 
These unique features have made MAT
LAB the industry standard for technical 
computing. 

F. : ., 
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versal applications. 
MathSoft launched an initial public 

offering in February 1993 and is publicly 
traded in the NASDAQ National Market 
System under the trading symbol "MATH." 

For More Information Write In No. 325 

MATLAB has found widespread 
acceptance in diverse application areas 
where matrix theory plays an important 
role, such as Signal processing, control 
system design, process identification, 
image processing, neural network 
design, and numerical analysis. The 
MATLAB application toolboxes have 
been created by renowned experts in 
their respective fields and represent the
ory and algorithms at the cutting edge of 
scientific and engineering research . This 
solid algorithmic foundation assures 
maximum efficiency and reliable results. 

NASA engineers and scientists 
nationwide have adopted the MATLAB 
Technical Computing Environment for 
several mission critical research and 
design projects including the next gen
eration High Speed Civil Transport. For 
researchers who require performance 
and cannot afford to be limited to "black 
box" functionality, The MathWorks con
tinues to design and develop products 
based on an "open architecture." This 
approach enables users to extend MAT
LAB for custom applications and to 
meet their specific requirements. 
For More Information Write In No. 326 
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MAXWELL lABORATORIES, INC. 
Maxwell Laboratories, Inc. is a US 

public company whose stock is traded 
on the NASDAQ exchange under the 
symbol MXWL. Maxwell 's Maxwell 's 
major products for the pulsed power 
industry are high energy capacitors, fast 
acting switches and high voltage power 
supplies. Maxwell has a staff of about 
700 scientific, engineering, and support 
personnel located mostly in San Diego. 
Maxwell is a multidivisional company 
specializing in a variety of products and 

markets. Besides San Diego, Maxwell 
operations can also be found in Albu
querque, NM, Carson City, NV, and 
Washington, DC. 

Maxwell Labs was named after 
James Clerk Maxwell, the Scottish 
physicist who lived from 1831 to 1879. 
The crowning work of Maxwell's brilliant 
mathematical and scientific life was his 
equations stating that electricity and 
magnetism do not in isolation. Maxwell's 
equations of the relationship between an 

electric field and a magnetic 
field survived even Einstein 's 
relativity work that upset the 
world of classical physics. 
Maxwell Laboratories was 
founded in 1965 as a scien
tific and engineering compa
ny, specializing in and ex
tending the high technology 
theories and products that 
flow from Maxwell's equa
tions. From the start, Max
well's core business was 
pulsed power technology 
based upon the develop
ment and manufacture of 
high energy-density storage 

McDONNELL DOUGlAS 

capacitors. Over the years, Maxwell 
products have found their way into mar
kets as diverse as health care, trans
portation, food processing, metal work
ing, aircraft maintenance, and materials 
analysis. 

In 1992, Maxwell began delivering its 
highly reliable line of high voltage power 
supplies. The first models were intended 
for capacitor charging applications, but 
the business grew to include automatic 
cross-over constant voltage power sup
plies intended to drive arclamps and 
flashlamps. Today, the Maxwell switch
ing power supply products are used in a 
wide variety of industrial and medical 
applications throughout the world. 

Recent new product activities ariSing 
from our core technology capabilities 
associated with pulsed power are sys
tems for the cool pasteurization of food 
products, equipment that uses pulsed 
light energy for paint and coatings re
moval and vehicle mounted systems 
that can perform electric mining. 
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Phantom Works Manufacturing and Prototype Center 
Since its inception in May 1991 , the 

Phantom Works has been leading 
McDonnell Douglas Aerospace efforts in 
pursuing ways to reduce the cost of 
producing aircraft and missile systems. 

The mission of the Phantom Works Is 
to fundamentally change the way 
McDonnell Douglas designs, develops, 
and builds aerospace systems, with the 
goal of making significant improvements 
in affordability, while maintaining or 
improving performance. 

The Phantom Works integrated engi
neering and manufacturing teams apply 
advanced materials, low-cost tooling 
concepts, and new production methods 
to a number of areas: retrofit and modifi-

NASA Tech Briefs, September 1994 

cation of production programs; research 
and development projects; advanced 
technology demonstrations; and proto
type aircraft programs. 

Affordability in limited-rate production 
is a major goal of the Phantom Works, 
along with low risk and quick insertion of 
new innovations to the production floor. 

The Phantom Works has demon
strated advanced applications of com
posites, including the feasibility of fabri
cating large structural components 
using compOSite material that cures at 
low temperatures and reduces the need 
for expensive autoclaves. 

In June 1994, The Phantom Works 
was awarded a $40.7 million contract 

from the US Air Force 
to design and develop 
a large composite mil
itary structure in a mil
itary facility using best 
commercial practices. 
The structure selected 
for the 48-month pro
gram is a C-17 hori
zontal stabilizer. 
Another area the 
Phantom Works is 

pursuing is low-cost tooling technology. 
The Phantom Works has proven the 
cost and time efficiencies of producing 
prototype tooling from inexpensive 
materials such as fiberglass, wood, 
plaster, foam, and rubber. For example, 
in a forward-fuselage demonstration 
project, prototype tool design and fabri
cation costs were a fraction of those 
required for traditional tooling. 

Another key area is high speed 
machining, where aircraft structures, 
such as wire bundle shelves or landing 
gear doors, are machined out of alu
minum stock by high speed machine 
tools. This technique greatly reduces the 
numbers of needed parts and fasteners 
when compared to traditional methods 
of building up subassemblies. 

The Phantom Works operates with a 
true concurrent integrated product and 
process development philosophy by 
using people, facilities and processes to 
be innovative, cost-efficient, quick and 
secure, to give McDonnell Douglas a 
strong resource with which to capitalize 
on a changing environment. 
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MGA SOFIWARE 
ACSL Vision Adopts DV·Draw for Simulation Animation 

MGA Software and V.1. Corporation, 
today announced that MGA has select
ed DV-Draw for integration with MGA's 
Advanced Continuous Simulation 
Language (ACSL) software. 

ACSL is widely regarded as the stan
dard software environment for modelling 
dynamic systems in industries such as 
aerospace, automotive, chemical pro
cessing, power plant design, agricultural 
and pharmaceutical research. DV
Draw™ is the interactive drawing editor 
in DataViews™, V.I.'s industry-leading 
real-time animated graphics program
ming tool. 

DV-Draw will be MGA Software's first 
offering under its ACSL Video product 
family created to enhance the visualiza
tion and animation of data developed by 
the computer simulation techniques that 
MGA Software can quickly animate sys
tem dynamics for improved visualization 

and analysis, resulting in a more com
plete understanding of system behavior. 

"This is the first of a series of product 
announcements for visualizing simula
tion," said Mike Gauthier, President of 
MGA Software. ''The ACSL Vision family 
will expand considerably in the near 
future, offering our customers more 
capability, and more choices for model
ling, analysis, and simulation along with 
data presentation and animation. We 
chose to incorporate DV-Draw into our 
ACSL product because it offers exten
sive animation capabilities that our cus
tomers now require to obtain a better 
understanding of their simulations. Our 
users need sophisticated features to 
enhance their designs, but they don't 
want to spend a lot of time mastering 
them. DV-Draw's point-and-click func
tionality will allow for improved model 
design and analysis without a large 

investment or substantial leaming 
curve." 

The key to successful analysis often 
lies with the effective presentation, and 
correlation of multiple data streams 
(data sets). Animation techniques give 
the engineer the ability to integrate multi
ple data streams into a single, dynamic 
picture. Not only is simulation animation 
a superb technique for communicating 
to others, but also the researcher often 
finds his own insights into subtle system 
dynamics are significantly enhanced. 

ACSL Model, MGA's flagship prod
uct, is a general purpose simulation lan
guage for mathematically modelling and 
analyzing the behavior of continuous, 
nonlinear systems. ACSL helps the 
design engineer or scientist to simulate 
a wide variety of dynamic systems. 
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EXECUTIVE EDUCATION AT THE MIT 
SLOANSCHOOLOFMANAGEMENT 

In all its program, the Sloan School is 
committed to educating people to think 
analytically and act effectively and 
responsibly in a fast changing environ
ment. Special emphasis is placed on 
understanding complex systems and on 
the analytic tools required for estimating 
opportunities and risks in strategic plan
ning and decision-making. The Sloan 
School seeks to provide managers with 
solid awareness of the multiple facets 
that characterize management prob
lems, from technical data to human and 
environmental factors. The faculty is 
committed to excellence in research, 
teaching and the commitment to be on 
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the cutting edge of management innova
tions. 

The world 's first university executive 
education program was organized at 
MIT in 1931. The Alfred P. Sloan Fellows 
Program, designed for outstanding mid
career executives sponsored by their 
organization, is an intensive twelve 
month master's degree program. In 
1956, the MIT Program for Senior 
Executives was initiated. The purpose of 
the Program for Senior Executives is to 
improve a manager's capacity to lead in 
the context of increasing global compet
itiveness. In 1982 the MIT Management 
of Technology Program was initiated. 

This program is offered jOintly with the 
School of Engineering and is a twelve
month program leading to the degree of 
Master of Science in the Management of 
Technology. 

In the addition to its major programs, 
the School has developed an extensive 
program of Special Executive Short 
Courses designed to meet the needs of 
alumni/ae and other profeSSionals. 

For brochures: 617-253-4432 
Tel : 617-253-7166 
Fax: 617-258-6002 

For More Infonnation Write In No. 330 
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NATIONAL INSTRUMENTS 
National Instruments is leading a rev

olution in instrumentation-the Virtual 
Instrumentation Revolution. With virtual 
instrumentation, personal computers 
and workstations are combined with 
software and hardware to build a pow
erful, but low-cost, instrumentation sys
tem. This complete system can consist 
of all the popular instrumentation alter
natives, including plug-in data acquisi
tion (OAQ) boards and GPIB, VXI, and 
RS-232 instruments. 

Founded in 1976, National 
Instruments today is a leading manufac
turer of IEEE-488 interfaces, plug-in 
DAQ boards, VXlbus controllers, and 
instrumentation software. National 
Instruments is dedicated to providing 
the highest quality products for data 
acquisition, data analysis, and instru
ment control. As part of our dedication 
to quality, last year we announced a 
new organizational structure that is 
compatible with the guidelines from the 
ISO 9000 standards, ensuring that we 
deliver products and service of 
unequalled quality to our customers. 

All of our products reflect the 
National Instruments commitment to 
high quality and innovation at a 
competitive price. We pledge to contin
ue this commitment to you with invest
ments in research and development that 
are well beyond industry norms. Like-

wise, our continued commitment to ser
vice will be demonstrated with a growing 
list of options for customer education 
and support. 
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NEW ENGlAND AFFILIATED 
TECHNOWGIES 
Motion Control and Positioning Systems and Components 

New England Affiliated Technologies 
(NEAT) is a leading manufacturer of pre
cision positioning and motion control 
components and systems. Located in 
Lawrence, Massachusetts, NEAT was 
established as a division of Instrument 
Industries, Inc. and has been solving 
positioning problems for over 20 years. 

NEAT operates two, uniquely inte
grated facilities: a 33,000 square foot 
building houses the engineering, prod
uct design and development, assembly, 
machining, and administrative teams, 
while a 13,000 square foot building 
serves as a Large Systems Facility for 
the design and production of sizable 
positioning systems. These tightly inte
grated teams and facilities allow NEAT 
to minimize the design and build cycle 
and respond promptly to customer 
requirements. 

NEAT employs twelve engineers with 
experience in electronics, mechanics, 
optics, and physics. In many cases, 
positioning requirements, whether sim
ple or complex, cannot be met with 
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standard, off-the-shelf com
ponents. NEAT's special 
strength lies in their willing
ness and ability to provide 
solutions, not just compo
nents. 

NEAT prides itself on sup
plying optimal solutions to 
challenging customer 
requirements in fields such 
as semiconductor inspection 
and probing, digital imaging, 
optical bonding, and general 
automation. 

NEAT regularly designs 
and builds high vacuum 
positioning systems, and 
has recently shipped stages 
that will position a spectro
meter aboard ESA's SOHO 
satellite, to be launched in 
1995 into very high 
(Langrange pOint) Earth orbit. 

Contact: Krista Fabian, NEA T, 620 
Essex Street, Lawrence, MA 01841. 

Tel: 1-800-227-1066 
Fax: 1-800-523-8201 

For More Information Write In No. 332 
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NYE LUBRICANTS INC. 
Specialty Lubricants for Mechanical and Electromechanical Devices 

Nye Lubricants designs and manu
facturers synthetic oils and greases that 
improve the efficiency and extend the 
operating life of highly engineered 
mechanical and electromechanical 
devices. 

Founded as a whale oil enterprise in 
1844, Nye began designing 
synthetic lubricants for OEM 
applications in the 1960s. 
The company maintains an 
extensive lubricant "drug 
store" -synthetic hydrocar
bons' esters, polyglycols, 
silicones, polyphenyl and 
fluorinated ethers-and its 
engineers tap the different 
technical qualities of these 
functional fluids to deliver 
the best solutions to cus-
tomers' design problems. _ 

This approach to problem solving 
has made Nye the vendor of choice for 
many of the world 's most innovative 
component manufacturers. More than 
50 Nye oils and greases are written into 
the specifications of US automobile 
manufacturers and their component 

suppliers; two specify only Nye synthetiC 
greases in anti lock breaking systems 
and air bag connectors. In other indus
tries, Nye lubricants are specified in 
many different products including aero
space bearings, optical instruments, 
medical instrumentation, telecommuni-

cation connectors, electrical controls, 
appliances and exercise equipment. In 
addition, leading computer and electron
ics manufacturers, NASA and the US 
military regularly turn to Nye for propri
etary lubrication research projects. 

Beyond their more than 400 synthet-

PRESSURE SYSTEMS INC. 

ic oils and greases, Nye offers a unique 
array of specialty products, including 
fluorinated barrier fi lms to control fluid 
and oil migration, ultraclean lubricants 
for precision ball bearings, and proprie
tary index-matching gels that are used 
as connecting media for fiber optic 

splices. Nye also maintains 
the most extensive line of 
motion control "damping 
greases: a cost-efficient 
way to build smooth, con
trolled, quiet motion into 
mechanical and electro
mechanical devices. Electri
cally conductive greases, 
sonic coupling fluids, heat 
sink compounds, vacuum 
greases and vacuum pump 
fluids round out their special
ty products. 

To learn more about Nye products 
and services, contact Don Fairbanks, 
Nye Lubricants, P.O. Box 8927, New 
Bedford, MA 02742-8927; Tel: 1-508-
996-6721 ; Fax: 508-997-5285. 
For More Information Write In No. 333 

From NASA spinoff to industry leader in electronic pressure 
scanning instrumentation 

Pressure Systems Inc. (PSI) was 
established in 1977 in Hampton, Virginia 
with the assistance of the Technology 
Utilization Center at NASA's Langley 
research facility. As a NASA spinoff, 
PSI's original charter was to manufac
ture and market electronic pressure 
scanning systems to hundreds of aero
space test facilities worldwide. The lat
est generation of this technology, 
System 8400, has been used to 
research the National AeroSpace Plane 
(NASP), the Advanced Tactical Fighter 
(ATF), and many other high profile pro
jects. Applications for this instrumenta
tion include wind tunnel model aerody
namic studies, turbine engine perfor
mance research and aircraft in-flight 
testing. 

Pressure Systems has received 
numerous accolades over the years for 
its achievements. In 1984, PSI was list
ed in Inc . magazine as one of the 500 
fastest growing privately held compa
nies. It also has twice been named the 
Small Business Exporter of the Year for 
the state of Virginia and, in 1991, was 
honored with the prestigious President's 
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"E" Award for Excellence 
in Exporting. 

PSI 's most recent 
accomplishment is the suc
cessful introduction of its 
electronic pressure scan
ning technology to the 
industrial/commercial sec
tor with the new System 
9000. This instrumentation 
exemplifies PSI's expertise 
in coupling microprocessor 
technology to silicon sensor 
technology to provide state
of-the-art system perfor
mance-while keeping the 
cost affordable. Applica
tions for this instrumenta
tion include testing turbo
machinery such as com
pressors, turbochargers, 
fans and blowers, as well as 
other multichannel pressure 
measurement applications. 

The success of Pressure 
Systems represents a classic case 
of how NASA technology, combined 
with vision and entrepreneurship, can 

be used to benefit many sectors of 
industry. 
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RAYfHEON COMPANY 
Quincy Operation Microelectronics Center 

Raytheon Company's Quincy Op
eration is the Raytheon outlet to com
mercial customers that require high reli
ability microelectronic components and 
value-added support services for high
end commercial and military applica
tions. Product lines include digital and 
microwave hybrid microcircuits and 
Multichip Modules (MCMs), High
Density Power Supplies, Low 
Temperature Cofired Ceramic (L TCG) 
substrates and modules, Microwave 
Integrated Circuits, Surface Acoustic 
Wave (SAW) Devices, Monolithic 
Microwave Integrated Circuits (MMIG) 
TransmiVReceive Modules and Display 
Devices. Raytheon high reliability hybrid 
microcircuits are used in heart pace
makers, jet engine control systems, air
craft avionic systems, telecommunica
tions satellites and data communications 
modules for the US Space Station pro
gram. The Raytheon Quincy Facility, 
Certified and Qualified MIL-STD-1772, 
includes over 60,000 ft2 Class 100,000 
Clean Room, and complete engineering 
and environmental test and evaluation 

equipment. Automated assembly 
and test support production 
capacity of over 600,000 hybrid 
circuit assemblies per year, 
including an automated produc
tion line capable of 4000 devices 
per month. Raytheon Company, 
headquartered in Lexington, 
Massachussetts, is a diversified 
$9B advanced technology-based 
company with principal business
es in electronics, appliances, air
craft products, energy and envi
ronmental engineering and con
struction services, and publishing. 

For More Information 
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RGB SPECfRUM 
VIDEOGRAPHIC PRODUCTS FOR ADVANCED APPLICATIONS 

Since its founding in 1986, RGB 
Spectrum has grown to be a technology 
leader dedicated to the integration of 
computer, video, and infrared signals for 
display and communications. Custo
mers are OEMs, systems integrators, 
and sophisticated users in industrial, 
govemment, and military organizations. 
Common applications include com
mand-and-control, interactive video disc 
training, simulation, multimedia display, 
C31, videoconferencing, medical imag
ing, surveillance, remote video monitor
ing, visualization, robotics, and 
CAD/CAM. 

RGB Spectrum provides an extensive 
range of products to integrate computer 
and video signals: 

Video Scan Conversion 
• Convert computer display signals to 
video 
• Convert medical, FUR, and radar sig
nals to video 
• Convert RGB-parallel to RGB-sequen
tial signals for VR display 
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Video Windowing 
• Display multiple full mo
tion video sources on a 
workstation screen 
• Monitor multiple video 
signals on a PC, worksta
tion or standalone monitor 

Multi-Screen Display 
• Display information in a 
wall-sized format with mUl
tiple projection cubes 
• Magnify, split, and dis
play computer graphics 
and video 

Image Fusion 
• Mix scan converted com
puter images with video at video reso
lution 
• Mix video, FUR, or radar signals with 
computer graphics at high resolution 
• Mix two high scan rate computer 
signals 

Video Multiplexing 
• Record and playback multiple video 
signals on a standard VCR RGB Spec-

trum products are offered in both stand
alone and board-level configurations 
and are designed for both new installa
tions and retrofits. RGB Spec-trum's 
philosophy includes a willingness to cus
tomize products and direct contact with 
customers for service and support. 

For More Information Write In No. 336 
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SOUTHCO, INC. 
Southco, Inc. , designs and manufac

tures industry's broadest line of latches 
and access hardware, offering value
added support such as • CAD library 
files to facilitate your design efforts 
• factory-trained field sales and engi
neering service-at your service! • To
tal Quality Management for consistently 
high-quality products • fast samples to 
help in your testing efforts • Southco 
engineering recommendations to assist 
you • product modifications and cus
tom design expertise to provide pre
cisely the solutions you want. 

Southco has received some of indus
try's most prestigious awards for quality, 
which helps recognize our company
wide efforts to meet today's demands 
for excellence, as well as our committ
ment to TQM. Southco's systematiC, 
prevention-oriented quality management 
efforts include: 

Corporate Quality Council. Top man
agement fosters the importance of quali
ty throughout the entire corporation 
through this council: giving direction, 
setting policies and supporting the over
all quality program. 

Southco Quality Policy Manual. The 
comprehensive policy manual provides 
clear direction for the quality system and 
is supported by procedures and work 
instructions giving every Southco 
employee the tools needed to take 
responsibility for quality. 

ISO 9001. An important part of 
Southco's Quality Program affecting our 
worldwide customer base includes 
achieving registration under ISO 9001 . 

Statistical Process Control. Southco 
manufacturing processes employ strin
gent SPC methods to control quality 
from part-to-part, and batch-to-batch. 
Each South co operator, through in
house SPC training, becomes an 
authority on the process he or she 
controls. 

Failure Mode Effects Analysis 
(FMEA). These preventive measures 
are conducted at the design and 
process stages to determine possible 
failures and their effects, before any 
customer buys the product. 

Contact: Southco, Inc., Brinton Lake 
Road, Concordville, PA 19331. Tel: 610-
459-4000; Fax: 610-358-6314. 
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SWANSON ANALYSIS SYSTEMS, INC. 
Swanson Analysis Systems, Inc. 

(SASI), located in Houston, PA, has 
been a leader in deSign and analysis 
software for over 24 years. John 
Swanson, the company founder and 
chief technologist, is internationally rec
ognized as an innovator in computer 
software technology. TA Associates, a 
large investor in growth companies, 
recently acquired majority ownership in 
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SASI. Peter Smith, a former top execu
tive with Digital Equipment Corporation, 
has been named chief executive officer 
and will lead SASI into its next growth 
phase. 

ANSYS is one of the most widely rec
ognized large-scale programs for finite 
element analysis (FEA) allowing engi
neers to construct computer models, 
apply design criteria, and analyze re-

sponses. It is used in a variety of indus
try applications including aerospace, 
government, defense, power machinery, 
biomechaniCS, and electronics. 

ANSYS solves complex design prob
lems because of its powerful capabilities 
including preprocessing, postprocess
ing, and design optimization along with 
structural, thermal, magnetic, fluid flow, 
coupled field, and nonlinear analyses. 
ANSYS Revision 5.1, available at the 
end of September, features a complete
ly redesigned graphical user interface 
(GUI) focusing in ease of use. 

This illustration shows a 3D model of 
the HPOTP (High Pressure oxidizer tur
bopump, used on the space shuttle. 
Engineers at Sverdrup Technology, 
Marshall Space Flight Center, worked in 
conjunction with Pratt and Whitney to 
design an improved turbo pump to 
replace one built in the 1970s. The dif
ferent colors represent components or 
the element type numbering for the dif
ferent regions of the housing. 

Contact: Swanson AnalYSis Systems, 
Inc., PO Box 65, Johnson Road, Hous
ton, PA 15342-0065; 1-800-937-3321 
or 412-746-3304; Fax: 412-746-9494. 
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SYNRAD, INC. 
Synrad, Inc., the world leader in 

sealed CO and CO2 lasers, congratulates 
NASA Tech Briefs on the 10th anniver
sary of the commercial version of the 
magazine. This year marks the 10th 
anniversary for Synrad as well. In the first 
10 years, Synrad has grown from being a 
manufacturer of 1 0 and 25 watt CO2 
lasers to become the largest manufactur
er of sealed CO and CO2 lasers between 
10 and 300 W, as well as offering a full 
line of electro-optical accessories for 
lasers with wavelengths ranging from 
excimer to CO2, 

Synrad, Inc. was founded in 1984 by 

Peter Laakmann to do advanced 
research in electro-optics, including gas 
lasers. Laakman made the RF-excited 
CO2 waveguide laser commercially suc
cessful in an earlier venture (Laakman 
Electro-Optics, Inc.). Synrad research 
and development resulted in a new 
implementation of radio frequency (RF) 
excited plasma section that paved the 
way for higher quality CO2 and CO 
sealed off lasers at much lower cost. 

Synrad's CO and CO2 lasers are built 
using a basic family of modules that are 
incorporated into all of the power levels, 
from 10 to 300 W. The plasma discharge 

section and 
housing are 
aluminum 
extrusion. This 
patented "all
metal" technol
ogy allows for 
mass produc
tion and low 
costs. Synrad 
is therefore 
able to offer 
superior quality 
lasers at a frac-

L-______________________ --' tion of the 

TELEDYNE RElAYS 
Once thought to be on the way to 

extinction, the venerable electromechan
ical relay is alive and thriving in an ultra
miniature form invented by Teledyne 
Relays. Today's TO-5 relay is as reliable 
as a comparable solid state device only 
far smaller and lower in cost. 

Teledyne Relays is one of the world's 
largest producers of ultraminiature 
electromechanical relays. These relays 
are widely used in applications that 
include instrumentation, telecommunica
tions, automatic test systems, wireless 
technology, automotive and medical 
electronics as well as aerospace. 

Teledyne Relays manufactures sev
eral types of commercial TO-5 and 
Centrigrid@ relays in a standard line and 
high sensitivity types that can be actuat-
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ed by a smaller input power. For a more 
sensitive response to low signal levels a 
transistor-driven model is available with 
the chip inside the relay case. 

Electromechanical relays provide a 
number of advantages in RF switching 
that are difficult to duplicate with semi
conductor devices. Teledyne Relays and 
its TO-5 and Centrigrid@ relay lines have 
become one of the standards of industry. 

Teledyne Relays' current offering 
includes the A 150/153 attenuator relays. 
These unique relays direct RF signals to 
an attenuated path or to an unattenuat
ed through path entirely within the relay. 
There are no other components required. 
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price of competing lasers. 
The competitive advantage enjoyed 

by Synrad resulted in a growth rate of 
over 70% in sales in 1993. This favorable 
growth continues in 1994, in part due to 
the increasing number of new users of 
laser technology. Synrad CO and CO2 
lasers are an inexpensive and reliable 
altemative to existing mechanical tools 
such as hot knives, dies, routers, blades, 
milling machines, saws, etc. CO and CO2 
laser applications include cutting, mark
ing, drilling, and heat treating of most 
non-metals, as well as engraving of 
anodized aluminum. 

Synrad has built upon its reputation of 
manufacturing the highest quality lasers 
and now offers competitively priced 
accessories such as power meter and 
probes, power controllers, beam delivery 
equipment, and scanning heads. Earlier 
this year, Synrad innovation produced 
the all-new Power Wizard, the first of its 
kind digital, pocket-sized power meter. 
Synrad continues its effort to develop 
unique and affordable laser and electro
optic solutions. 

For More Information Write In No. 339 

153 



US AIR FORCE SCIENCE & TECHNOLOGY 
The Air Foroe science and technolo

gy program vision is to ensure technolo
gy preeminence of US air and space 
forces. However, many technologies 

WEI1'EK 

that meet military needs also have utility 
and application beyond the Air Force. 
Transferring technology with potential 
commercial application is part of our 

mission. Our 
four Air Force 
laboratories 
and basic 
research orga
nization offer a 
vast array of 
technologies 
available for 
dual use and 
technology 
transfer. 

• Armstrong 
Laboratory, 
San Antonio 
TX, provides 
leadership for 
new, human
centered tech
nologies, 
which enable 
people to do 
their jobs bet
ter' as well as 
environmental 

quality research. 
• Phillips Laboratory, Albuquerque 

NM is the focal point for all space and 
missile related research, as well as geo
physics research. 

• Rome Laboratory, Rome NY, is the 
center for command, control communi
cations, and intelligence research . 

• Wright Laboratory, Dayton OH, is 
responsible for aeronautical research 
ranging from airframe design and avion
ics to propulsion, materials, and muni
t ions. 

• The Air Force Office of Scientific 
Research, Washington DC, directs the 
Air Force's entire basic research pro
gram in 40 major research areas. 

To help industry and academia gain 
access to Air Force technology, we have 
recently opened an information "hot
line." TECH CONNECT at 1-800-203-
6451 provides customers with immedi
ate access to AF technology information 
and serves as a "one-stop" focal point 
to connect govemment and industry to 
the appropriate Air Force expert. 
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SPARC POWERTM uP doubles the processor power of your SPARCstation and 
speeds up applications by 1.4x-1.9x 

The SPARC POWERTM uP is a single
chip, socket compatible processor 
upgrade for your SPARCstation 2 and 
SPARCstation IPX. Using clock-doub
ling technology similar to that used in 
Intel's i486DX2™ processing, the 80 
MHz SPARC POWER uP brings state
of-the-art processor technology to the 
more than a quarter-million 40 MHz 
SPARCstation 2 and IPX machines in 
use worldwide. 

In addition to having the highest 
clock speed of any SPARC processor, 
the 1.8 million transitor SPARC POWER 
uP uses two on-chip caches and 
Weitek's patented floating-point technol
ogy to give the highest possible system 
performance. 

Certified by SPARC Intemational to 
be SPARC Compliant and backed by 
all the benefits of Sun-Service's 
SunSpectrum™ maintenance, the 

SPARC POWER uP is 
r----------------------, enjoyed by over 

15,000 users. The 
SPARC POWER uP is 
completely compatible 
with the processor it 
replaces; no drivers or 
software changes are 
required and installa
tion takes first time 
users 15-30 minutes. 
The SPARC POWER 
uP is available with a 
complete installation 
kit for $1200 or $995 
for the chip alone. 

'--___________________ ----' Weitek can be reached 
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at 1-800-758-7000 or send email to 
cpu_upgrade@weitek.COM. 

Features 
• 80 MHz clock-doubled processor 
doubles peak integer performance 
• Advanced floating-point unit increases 
peak performance 2Ax 
• 16 KB of code cache, 8 KB data cache 
-quadruples peak data bandwidth. 
• 100% compatible with SPARCstation 
2 and IPX processors 
• Certified SPARC Compliant by SPARC 
Intemational 
• Approved by SunService: no impact 
on service contracts. 

Benchmark Reality 
• 32.2 SPECint92 
• 31 .1 SPECfp92 
• 80 peak MIPS 
• 33.3 peak MFLOPS 
• Applications show a 

speedup of 1 Ax to 1 .9x 
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WOLFRAM RESEARCH INC. 
Engineers, Researchers, and Educators Get Instant Answers to Real 
Problems through the Internet 

MathSource, an electronic resource 
that makes answers accessible to mil
lions of Intemet users, free of charge, 
was created by Wolfram Research as a 
service to technical professionals. 
Wolfram Research is the company 
behind Mathematica, today's leading 
technical software for numerical, sym
bolic, and graphical computation. 

SOME POPULAR MATHSOURCE ITEMS 
0202-240 
0204-523 
0202-419 
0202-611 
0202-183 
0204-679 
0202-385 

Signal Processing Packages and Notebooks V. 2.9.5 
Exploring Neural Networks with Mathematica 
Notebooks to Accompany Microeconomics Analysis 
COSY-PAK: A Symbolic Analysis Package V. 0.9 
Lyon 's Cochlear Model 

MathSource makes a large collection 
of Mathematica application packages, 
notebooks, research papers, technical 
newsletters, and book supplements 
freely available to the entire Intemet com
munity. Over 1700 separate files have 
been submitted to MathSource by both 
Wolfram Research staff and by enthusi
astic Mathematica users. Each week, 
MathSource is accessed more than 
4,000 times by more than 2,000 people. 

Animating Schroedinger's Equation in Two Dimensions 
FeynCalc 1 .0: A Package for Feynman Diagram Calculation 

MathSource is accessible through 
electronic mail on all major computer 
networks, as well as through anony
mous FTP, Gopher, World Wide Web 
0fWJ\N), and direct dial-up. To begin 
using MathSource, send e-mail contain
ing the single-line message Help Intro 
to mathsource@wri.com. For further 
information on MathSource, contact 

Variants Available 
Within Shell 

Sizes 1, 2, 3,4,5 & 6 
CONTACTS: Machined copper alloy, gold over 
nickel plating. Coaxial , High Voltage and Power 
contacts removable . Power contacts 10 to 40 
amp. rated. Signal contacts 5 amp. rated. TERMI
NATIONS: Signal and power: solder, crimp, 
printed board, straight or 900

• INSULATOR: Poly
ester glass U.L. 94V-O. SHELLS: Steel, zinc, 
cadmium or tin plated, stainless steel. MOUNT
ING: Panel and printed board. COUPLING: 
Jackscrew and slide lock system. HOODS: Metal, 
plastic. CRIMPING MACHINES: High speed, 
automatic strip and crimp machines. NORMS: 

ms-admin@wri.com, or call Wolfram 
Research at 800-441 -MATH. 

Contact: Mark Moline, MathSource 
Administrator, Wolfram Research, Inc.; 
Tel: 1-800-441-MATH; 
Fax: 217-398-0747. 

For More Information Write In No. 343 

Conform to IEC 807-2 and MIL-C-24308. U.L. and 
CSA recognized. 

r) r) ' ....... (, 

~ ~2~!P!~9.,~S4~!!.~'L~o.~5.t ~ Tel. 417-866-2322· Telex 436445· Fax 417-866·4115 

For More Infonnation Write In No. 410 
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THE 

Alfa°.tf5AR 
COMBINED CATALOG 

"R&D PROFESSIONALS GIVE THE NEW ...L. 
• ALFA AESAR CATALOG TWO THUMBS UP!" -

Two of the industry's best known catalags have been combined to bring you 0 one 
stop source for all your chemicol requirements. With Alfa's ronge of products - over 
1 O,OOO! ... and Aeso~s renowned line of high-purity products - including the 
Purotronic-, REoction- and Specpure- lines. Plus hundreds of NEW products. 

All in a new formot that makes it easy for you to locote and order the chemicals 
you need ... in the amounts you require .. . ot 0 reasonable price. 

Backed by 40 years combined experience and the worldwide resources of 
Jahnson Matthey, Alfa Aesor provides excellent technical phone support 
and efficient service. 

For your premier capy of the Alfa Aesor combined 
catalog, coli today ... 

1·800·343·0660 
~ 

Johnson Matthey 

CLOSE 
THE GAP! 

" They're 
Deucedly 
Clever" 

INFLATED 

OVERCOME TROUBLESOME DESIGN PROBLEMS 

~ WEATHER ~ * HEAT/COLD 

$" WATER 

tIWtI{ NOISE 

o LIGHT/DARK 

>>») « PRESSUREI 
VACUUM 

!CHEMICALS 
':"5": .•.• 

. ~CONTAMINANTS 

-E- RADIATION 

Inflatable seals in a wide range of sizes and configurations 
are used anywhere a positive seal is needed between oppos
Ing surfaces. It's the innovative solution for many difficult ap
plications. Design assistance available. 

1k~~~,~~!~~,~2!1!~!!,~N 
368 MARTINEL DRIVE· KENT, OH 44240-4368 USA 
(216) 673·8410 • FAX (216) 673-8242 

For More Information Write In No. 494 

New on the Market 

Digiplan Division of Parker Hannifin 
Corp., Harrison City, PA, has intro
duced the OS Series of high-power 
brushless servomotors for powers 
ranging from 1.8to 1 0 hp. Users can 
select from a choice of five drive 
modules and seven 3-phase 8-pole 
motors. Differentcombinationspro
vide continuous torque outputs from 
26 to 220 in.-Ibs., with a peak ca
pacity in excess of 500 in.-Ibs. and 
speeds up to 4000 rpm. 
For More Information Write In No. 713 

Prescon r., pressure-sensitive sen
sors from International Microelec
tronics Research Corp .. Tucson, AZ, 
can measure pressures as low as 
one gram with high sensitivity, con
vert physical pressure to the elec
trical response of ohms, and offer 
activation thresholds as low as 
.002Ibs. pressure. They are suitable 
for polymer thick-film membrane 
switches and sensors, industrial con
trol and measurement systems, and 
medical instrumentation. 
For More Information Write In No. 714 

The Nano. a miniature six-axis 
force/torque sensor from Assurance 
Technologies Inc.. Garner, NC, was 
developed for use in robotic, medi
cal, and manufacturingapplications 
such as prosthetic device testing, 
physical rehabi I italion, robotic hand 
research, and automotive part test
ing. Measuring 17 mm in diameter 
and 14.5 mm thick. the device can 
be calibrated to measure up to 
12 Ib./4 lb.-in. Stainless steel mono
lithic construction insures high over
load protection. 

I.;;;;;;;;;;;;;:~;:;;;;;;;j"j For More Information Write In No. 703 

Boonton Electronics Corp., Ran
dolph, NJ, has announced the Model 
56518 peak power sensor for mea
suring digital wire less systems. 
When used with Boonton's Model 
4500 digital sampling power ana
lyzer and Model 4400 power meter, 
the sensor provides power density 
distribution statistics to precisely 
characterize the transmission per
formance of digital cellular, radar, 
and avionics systems. 
For More Information Write tn No. 719 

Neural-network speech recognition 
integrated circuits from Sensory 
Circuits Inc., San Jose, CA, sell for 
as little as $3.25 in volume. The 
line includes the RSC 164 and 264, 
each of which provides more than 
40 seconds of on-chip speech or 
sound effects and can recognize 
hundreds of words, broken up into 
2-to-1 O-word sets. The 164 can ad
dress off-chip ROM for large-vo
cabulary applications. 
For More Information Write tn No. 711 

Visual Numerics Inc., Houston, TX, 
has released Windows NT versions 
of i ts IMSl C numerical libraries 
and IMSl exponent graphics. These 
32-bit libraries support Intel-based 
PCs running Microsoft's Visual C++ 
compiler under Windows NT. The 
new libraries are aimed at develop
ersfamiliarwith IMSL tools on main
frames or workstations who want to 
downsize, as well as PC-based C 
programmers who can save ti me by 
embedding the prepackaged math
ematical and statistical subroutines 
and 20 and 3D technical graphs 
directly into their C applications. 
For More Information Write In No. 702 

Integrated Motions Inc., Berkeley, 
CA, has released the first commer
cial robot system with integrated 
force control capabilities. The Ze
bra ZERO Force Control Robot fea
tures a six-axis force/torque sensor 
used to monitor end effector forces. 
An integrated hybrid iorce/position 
servomotor controls these forces to 
precise. programmable values. The 
unit is controlled by an 80386/ 
80387-based IBM PC and pro
grammed in the C language. 
For More Information Write In No. 717 
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Engine development 

Monitor solderi ng processes 

Evaluate wax injection presses 

Analyze trend data 

Measure casting temperatures Defects in composite materials 

FLIR SYSTEMS 
POINTS OUT 

YOUR DEFECTS 
WITH WARMTH 
AND SENSITMTY. 

Post-processing thermal analysis 

A variety of desktop, 
portable and hand-held systems 

to fit your needs 

Our infrared (rR) imaging products detect and measure a variety of thermal 

conditions through easy-to-use, non-contact infrared imaging technology. 

What's more, we have the industry'S broadest selection of IR products: 

Moistu re COli tent in paper 

Injection mold peiformance 

Hybrid circuit failure analysis 

the IQ Series of real-time image processing systems; the hand-held Prism infrared cameras; 

Windows'"-based image analysiS software; and a full range of accessories. So whether you work 

in R&D, process monitoring and control or non-destructive testing, let our skilld applications 

engineers help you solve your problems. Call FUR Systems at 1-800-322-3731 for more information 

or to arrange for a sample IR analysis at your site or in our laboratory. 

16505 SW 72nd Ave., Portland, OR 97224, (503) 684-373 1, Fax (503) 684-3207 

Windows is a trademark oj Microsoft Corporal ion 

For More Infonnatlon Write In No. 696 



Thermoplastic 
Quick Couplings 

for plastic 
tubing. 

Free guide to CPC fittings and 
quick couplings for plastic tubing. 
• Easy thumb latch operation 
• Over 700 off-the-shelf 

tubing connections 
• Couplings for 1/16' to 3/8" tubing 
• Leak free O-Ring seal 

c.pc,. COLDER PRODUCTS CO. 
1001 Westgate Drive · St. Paul , MN 55114 • Phone 612-645-0091 

Fax 612-645-5404 · Call Toll Free 1-800-444-2474 

For More Information Write In No. 463 

HIGH PERFORMANCE ROTARY CONTACTS 

THERMOCOUPLES, 

RTD's, LVDT's 

STRAIN GAUGES, 

1 to 100 contacts! 

Unlike conventional • Zero Electrical Noise 
slipring designs, the • Low And Stable Resistance 
unique ROTOCON • Compact Size 
Sealed Mercury Ro- • Zero Maintenance 
tary Contacts are low • Environmentally Sealed 
noise, low resistance, • Rugged And Reliable 
zero maintenance • Unaffected By Vibration 
links between sta- • Mount In Any Orientation 
tionary and rotating A variety of standard and custom 
components. '1M ROTOCON models are available 

~01J elJ to fit your mounting configuration, 
<III eefore rotation speed, and current re-

't. ~ _ quirements (up to 2000 Amps!) . 
~ 

Call: 
1IOO-1J37 ·8010 
or 608·836-7571 (FAX eoB-83 14J300 TELEX 7543111J 

m eridian laboratory 
P.o. Box 620156, 2415 Evergreen Road. Middleton, WI 53562-{)156 

For More Information Write In No. 464 
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New on the Market 

IBM licroelectronlcs, Fishkill .• Y, 
ha announced the indu try's iaste t 
" Iossless" data compression chip. 
Capable of processing as many as 
40 MB/sec., better than most PC 
bu es, the Adapti\e Lossless Data 
Compression (ALDCl device per
forms data compression in real time 
without redUCing ystem perior
mance. It supports multiprotocol 
DMA data and standard micropro
cessor interlaces, as well as 8- and 
16-bit selectable data buses with Ansoft Corp., Pittsburgh, PA, has 

released version 3.0 of Maxwell®SI 
selective pari!) checking, external E . 't fl' I d mmence, a SUI eo so vers Inc u -peripheral access, 16-byte first-in 
jir~t-out buffer, and bypass modes. ing AWE-FEM designed to model 
For More Information Write In No. 707 electromagnetic interference and 
F~~---------"""'I compatibility. The program's fu ll 

VideoLabs Inc., Minneapolis, MN, 
has introduced FlexCam Scientific™, 
a variant of the FlexCam™ desktop 
video camera. The standard 8-mm 
C-mount lens can image objects 
preCisely, including x-rays, for dis
playon monitors or computerframe
grabbers. The lens may be focused 
down to 1 in ., producing micro
scopic magnification of 50:1 when 
viewed on a 25-in . monitor. 
For More Information Write In No. 701 

wave/ radiative electromagnetic 
simu lator can model radiation from 
ground planes and power/signal 
nets, emissions from cables and 
chassis, and FM circuit models for 
very-high-speed components. 
For More Information Write In No. 708 

Compact Air Products, Westminster, 
Sc. has announced a manifold ac
tuator that reduces by half the space 
required for a computer hard-drive 
testi ng station . The assembly's over
sized cylinder block allows integra
tion of flow contro ls, ports, and 
valves, eliminates two air lines and 
four fittings per station, and reduces 
assembly time by 40 percent. 
For More Information Write In No. 705 

A Hall effect encoder from Merkle
Korff Industries Inc. , Des Plaines, IL, 
employs incrementa l, digita l pulse 
technology to provide positioning 
and velocity data. Features include 
one channel design; one, two, and 
four pulses per revolution ; 5-24 Vdc 
supply voltage, 100 kHz maximum 
count frequency, and -40 to +50 °C 
operating range. 
For More Information Write In No. 715 

Cline Labs Inc., Phoenix, AZ, has 
unveiled an electronic clinometer, 
an angle-measuring sensor that uses 
fluid as the active medium. Offering 
the highest performance!cost ratio 
in the industry, according to the 
manufacturer, the device has no 
moving parts, provides a dc voltage 
proportiona l to the rotation angle, 
and makes possible electronic angle 
measurement in industries where it 
had been impractical. The base plate 
and cover are molded of a light
weight, reinforced thermop lastic 
that encloses the surface-mounted 
sensor and CMOS electronics. ~--------~~--1 

Pegasus'''. an interact ive in-system 
For More Information Write In No. 704 

logic emulator from ARKOS DeSign 
Inc ., Scotts Valley, CA, enables 
prototypingof ASICs, ASSPs, micro
processors, \ ideo chips, and other 
complex digital devices hefore go
ing to silicon. increasing the odds 
that first-pass devices will work prop
erly. Pegasus has a built-in logic 
analyzer, instant access to all nodes, 
and fast design compilation times. It 
accepts netlists generated from sche
maticsor hardware description lan
guages, and will emulate complex 
devices at speeds of 3-15 MHz. 
For More Information Write In No. 700 
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New on the Market 

The six-axis SC1 5 general purpose 
robot from Nachi Robotics, 0\ i. 
MI , offers the fastest available axis 
speed in the 15-kg load-capac ity 
class, according to the manufac
turer. Designed to provide access to 
"tight spots," the robot's streamlined 
design routes all hoses, air and cool 
ant line , and cables internally. 
Otherfeatures includeasmall, rigid, 
in-line wrist and position repeat
ability to 0.1 mm. 
For More Information Write In No. 709 

An investment casting material for
mu lated by Precision Metalsmiths 
Inc., Cleveland, OH, offers qualities 
previous ly unattainab le in solid 
mold casting of low-temperature, 
non-ferrous alloys. Called NC-178, 
the material reduces thermal shock 
and mold cracki ng, distortion of 

Conform to MIL-C-24308 and with the special non
magnetic and vacuum outgassing requirements of 
spaceflight applications. Reference JPL spec. CS512091-C 
an~ Goddar~ GSFC S-311-P' Normal and High Density 
van ants available. CONTACTS: Removable, machined 
copper alloy. Female with brass shroud, gold plated . 
TERMINATIONS: Crimp, straight and 90° printed board 
mount. INSULATORS: Normal Density, Glass, DAp, 9, 15, 
25, 37 and 50 contacts . High Density, Glass, Polyester, 15, 
26, 44, 62, 78 and 104 contacts. SHELLS: Brass, gold 
plated or stainless steel. COUPLING: Jackscrews. 

[II] POSITRONIC 
INDUSTRIES , INC. 
423 N CAMPBEU. AVE.· SPRINGAElO, MO 65808 
TEL "17~2322 - 8(1).641-4054 - TELEX ~ - FAX 417-686-4115 

Touch Memories, a line of com- mold cavi ties, and core failure-all 
puter-memory chips packaged in of w hich contribute to casting re-
16-mm steel buttons that read or jects and scrap. NC-178 offers un i
writeatatouch, hasbeenannounced form thermal ' expa nsion when 
by Dallas Semiconductor, Dal las, heated to casting temperatures and 
TX. The company has supplied the wil l not settle away from patterns 
US Posta l Service with silicon labels after investingto leave unfilled mold 

bearing the memories for insta ll a- areas or deformed casti ngs . ~;:=:~~~~~~~~~~~~~~~~::=:~ 
tion directly on collection ma i I boxes For More Information Write In No. 718 
to monitor on-t ime delivery. The r-----~-----~....,.-,j 
miniature databases can be updated SOLUTIONS Software Corp., En
while the chip is affixed to a ma il - terprise, FL, is publishing the com
box or other station. plete TSCA Chemicallnven/ory 01 

For More Information Write In No. 712 more than 61 ,000 substances. Avail-
1-____ ::..,-_.,.,..,,--::-____ -1 able on a CD-ROM from the De-

The VAMP II flat panel display from 
Computer Dynamics, Greer, SC, is 
the fi rst 262,000-color TFT LCD and 
touchscreen that can be driven di
rectly from a Pc. The VAMP II plugs 
directl y into any standard VGA ana
log output and can handle graph ics
intensive programs, such as mu lti
media with fu l l-motion video, pre
viously available on ly with a CRT. 
Infrared, NEMA 4/12, and capaci
tive touchscreens are optional. 
For More Information Write In No. 720 

Eastern AirDe\ ices Inc. , Dover, NH, 
has introduced the first linear ac
tuator designed to operate where 
lubricants cannot be tolerated . Fea
turing a rotor shaft made of DuPont'" 
Vespel' polyimide that never needs 
lubrication, the actuator is a bi
directional dc stepping motor with 
1 .8° per step. 
For More Information Write In No. 716 

NASA Tech Briefs, September 1994 

partment of Commerce's National 
Technical Information Service, the 
database includes e\ery chemical 
that is mJnufactured or imported 
into the US. Chemicals are indexed 
by CAS number and name, com
monname, molecular formu la, and 
synonym. 
For More Information Write In No. 706 

Imaging Technology Inc. , Bedford, 
MA, has unvei led the Modular Vi
sion Computer, a high ly sca lable 
and configurable vision system for 
VMEbus and PC VLbus host com
puters. Driven by a 40-MHz pipe
lined architecture, the MVC 1 50/40 
can process a 51 2x51 2-pixel image 
in less than 7.5 ms. 
For More Information Write In No. 71 0 

HeaterstafM 
Temperature Controller 

FI T 
LCD heater • Portable instruments 

Battery powered heaters 

FUN CTI O N 
Thi unique DC controller directiy regulates temperature of Minco 
heaters - no ensor required! The controller takes temperature readings 
from the heater element itself, and turns on power only when required. 

• Low cost module for circuit • Low power consumption, 
board mounting long bauery life 

• Switches up to 3 A at 4.5 to 60 VDC • Adjustable setpoint 

7300 Commerce Ln. 
Minneapolis, M N 
55432-3177 USA MINCO 

PRODUCTS , INC . 

Phn: 612/571-3121 
Telex: 687-9025 
FAX: 612/571-0927 

For More Information Write In No. 466 
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minalex 
Leadership Quality. 
In precision aluminum extrusions to a 31/2" 
circle size, the quality standard has been 
Minalex for twenty eight years. Minalex 
pioneered tolerances to ·t .OOl " on one or 
several dimensions and delivers them on 
long or short runs -- on time, every time. 
Why risk runner-up quality? Contact 
Minalex for Leadership Quality. 

Call : 908-5344044 or Fax: 908·534-6788 
for an opinion, a quote 
or a brochure. 

With a touch as light as a feather, Servometer 
gold-plated b~lIo~s contact springs ins~re 
electrical continuity where tolerance bUild-up 
and vibration become a problem. 

• 13 configurations available from stock 
• Minimum insertion loss 
• Extremely low DC resistance 
• Minimum self inductance 
• Leak tested for sealed applications Call for a free 
• Lifetime spring repeatability DeSign Brochure 

seRVOMereR ~ Fax (USA): (800) 785-0756 
Fax: (201) 785-0756 501 Little Falls Road 

Cedar Grove, NJ 07009 Tel : (201) 785-4630 

For More In'ormation Write In No. 468 
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New literature 

Cambridge Electronics Laboratories, 
Somerville, MA, has published Black 
Magic! Telecom Design Tricks, a 
collection of advanced design prin
Ciples and practices for telecommu
nications power, ringing, and ISDN 
circuits, including 20 "cookbook" 
schematics. Appendices list techni
cal references and vendors of un
usual or little-known components 
employed in the schematics. 
For More Information Write In No. 732 

A 24-page brochure from Tol -O
Matic Inc., Hamel, MN, highlights 
the BC2 Series ™ rodless pneumatic 
band cylinders. Designed for use in 
all types of automation, the units 
feature a patented load-bearing car
rier system that isolates the piston 
from the load, a spring-loaded dust 
band insertion ramp that compen
sates for wear in high-velocity ap
plications, and a machined mag
net slot in the carrier bracket for 
field retrofitting of switch sensors. 
For More Information Write In No. 727 

A 40-page microwave circuit de
sign guide published by the Soladyne 
Division of Rogers Corp., San Di
ego, CA, provides fabrication gu ide
lines for multilayer, microstrip, and 
stripline circuits. Topics include 
material selection, machined fea
tures, patterning, PTFE activation, 
metallization, design for manufac
turability, and quality assurance. 
For More Information Write In No. 723 

A broad range of heat dissipation 
components and accessories for 
electronics appl ications are detailed 
in a catalog from Wakefie ld Engi
neering Inc., Wakefield, MA. Prod
ucts include integrated circuitcool
ing heat sinks, aluminum extrusion 
profiles and custom fabrications, 
board-level power semiconductor 
heat sinks, precision compression 
clamp systems, and liquid cool 
plates. Thermally-conductive com
pounds, adhesives, mounting hard
ware, and installation tools also are 
described. 
For More Information Write In No. 724 

PAE~SIOH 
1H0000OSVfrl 
POSITIOH 
TRANSDUCERS .. --......----

III!'''''RAHD 
CONTROLS 

Farrand Controls, a division of Ruhle 
Companies Inc., Valhalla, NY, has 
released a brochure describing its 
rotary and linear Inductosyn®posi
tion transducers. Featuring accura
cies to better then ±40 microinches 
and ±0.5 arc second, the transduc
ers perform well in extreme envi
ronments such as cryogenic cham
bers and at high temperatures, vacu
ums, and hydraulic pressures. 
For More Information Write In No. 721 

An application report released by 
General Magnaplate Inc., Linden, 
NJ. describes how MAGNAPLATE 
HMF®, a coating for metal parts, 
can solve problems affecting robotic 
systems used in manufacturing. The 
coating's micro-smooth finish, with 
a hardness rating of up to Rc 68 and 
coefficient of friction as low as .06, 
greatly reduces wear. By prOViding 
a film of dry lubricity, it reduces 
drag, while its uniform, dense finish 
resists attack from both ambient hu
midity and abrasive materials. 
For More Information Write In No. 725 

A 64-page short form catalog from 
DATEL Inc., Mansfield, MA, spot
lights data acquisition and conver
sion components up to 16 bits and 
20 MHz, modular switching dc/dc 
converters up to 50 W, 3'/2 and 41f2 
LED and LCD digital panel voltme
ters, and analog computer boards 
for PC/AT, EISA, and VME buses. 
For More Information Write In No. 722 

........ _". , .. VJolI .... 
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New literature 

A brochure from Soft-Noze™ USA 
Inc., Utica, NY, highlights the SOFT
NOZE line of cushioned sensor 
mounts to fit all sizes and brands of 
proximity sensors. The mounts' 
spring-loaded design renders sen
sors immune to impact failures upon 
overtravel: the sensorsimply retracts 
into the SOFT-NOZE housing to 
avoid damage. Each kit also includes 
a protective plastic cap to prevent 
abrasion of the sensing face. 
For More Information Write In No. 733 

Adjustable speed drives, right angle 
gear drives, and linear actuators 
are described in a catalog from Zero
Max Inc., Minneapolis, MN. Fea
tured products include five sizes of 
adjustable speed drive offering a 
constant torque of 12 to 200 inch 
pounds throughout their speed 
range, right angle gear drives in 1 :1 
and 2:1 speed ratios and two- and 
three-way versions, and five sizes of 
Roh'lix® linear actuators. 
For More Information Write In No. 730 

1IIIIIQ'/6ZERO-M4X 

The Resistor Handbook, published 
by Cj Publishing, Olathe, KS, com
bines resistor theory with practical 
circuit application information. 
Chapters address resistorfundamen
tals; composition; film, wirewound, 
and nonwirewound resistor types; 
NTC and PTC thermistors; current 
shunts; and current sensors. 
For More Information Write In No. 734 

Pneumatic end effectors designed 
to give manufacturers an alternative 
to conventional multi-fingered claws 
and vacuum cups are showcased in 
a brochure from Firestone Industrial 
Products Co., Carmel, IN. The de
vices enable robotic and mechani
cal pick-and-place systems to handle 
especially delicate products firmly, 
yet gently. AirPickers®, which are 
inserted into a product and then 
inflated, and AirGrippers™, which 
surround the product with an inflat
able sleeve, employ even inflation 
for shock absorption and rubber for 
slip-free contact surfaces. 
For More Information Write In No. 728 
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A 212-page catalog entitled The 
World of Electronic Materials is 
available from Electrical Insulation 
Suppliers Inc., Hillside, IL. The pub
lication features products for elec
tronic manufacturing and repair, 
staticcontrol, soldering, printed cir
cuit boards, EMI/RFI shielding, ther
mal management, adhesives and 
coatings, wire harnesses, tubing, 
sleeving, and insulating. 
For More Information Write In No. 731 

Magtrollnc., Buffalo, NY, has pub
lished a 24-page catalog of its fric
tionless hysteresis brakes and 
clutches, which offer smooth torque, 
high repeatability, and long life for 
applications in armature and coil 
winding, printing and labeling, and 
wire making. The brakes provide 
calibrated match tension regardless 
of the number of brakes used. 
For More Information Write In No. 729 
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~d---ALEX KRULIKOWSKI--An advanced geometric dimension

ing and tolerancing appl ications 
workbook is available from Effec
tive Training Inc., Westland, MI. 
The publication, from the author of 
the Fundamentals of Geometric 
Tolerancing Self-Study Workbook, 
addresses using charts and decision 
diagrams to guide dimensioning, 
recognizing and avoiding dimen
sioning traps, calculating tolerance 
values, and understanding the func
tional dimensioning philosophy. 
For More Informal ion Write In No. 726 

FREE DeSigners, Specifiers & Buyers 
Handbook for Perforated Metals 

You come up against seemingly impossible problems 
every day ... problems that require Innovative thought and 
Innovative solutions ... problems that can be solved with 
perforated metals. For example, use perforated metals 
to control passage of air, gases and liquids or for special 
sanitary, corrosive, acoustical and high and low temper
ature applications. Perforated metals are widely used In 
appliances , electrical eqUipment, food pro- I pI A 
cesslng and petro-chemical processing ft 
plusmuch, muchmore. Call today and dis- I NQUSTOIAl 

cover the thousands of applications for mb'i:~1\?J~ 
perforated metals ... 

(414) 271·2283 or FAX (414) 271·5154. 

For More Information Write In No. 470 
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Unless 
... the laser diode destined for your 
product application is completely 
protected against the forces of 
electro-static discharge, temperature 
and handling abuse. That's because 
a raw laser diode is a fragile and 
highly volatile device with extreme 
threshold behavior that will quickly 
"blow up" under unstable environ
mental conditions. The typical laser 
diode is capable of turning on in "one 
millionth" of a second ... and one very 
short "mistake" usually results in total 
destruction, rendering the laser diode 
useless. Applied Laser Systems 
(ALS) has solved this problem and 
makes the laser diode usable in the 
real world. 

So, while it may seem practical to 
engineer your laser product "from the 
ground up," it makes far more sense to 
bypass the frustrating process of 
trying to stabilize the laser diode by 
simply "plugging in" our patented 

VLM TM product directly into your appli
cation. Our modular system is so 
user friendly. all you have to do is add 
a power supply. 

Simply put, the ALS Visible 
Laser Module, or VLM TM product is 
the most advanced laser module 
system on the market today. Our 
miniature design incorporates the 
laser diode, drive circuits, and 
sophisticated optics into one tiny. 
self-contained, shock resistant 
package, allowing us to maximize 
power efficiency while protecting the 
internal circuitry from electro-static 
discharge, spiking overload and 
reverse polarity. In short, the VLM™ 
product makes the fragile laser diode 
virtually indestructible. 

And with a field failure rate of 
less than 1 percent, Applied Laser 
Systems supports its products with 
a full two year warranty, setting 
the industry standard. In addition, 
a small green LED indicator is 
mounted on the rear of each 
module to indicate when the laser 
is operating ... a safety factor that 
ALS alone provides. 

The versatile VLMTI" product 
comes ready-to-use in a variety of 
beam configurations and wave
lengths, in both the visible and infra
red bands. Modules can easily be 
integrated into a wide variety of 
applications that require precision 
and accuracy. such as alignment 
and positioning, counting and timing, 
signal transmission, testing and 
measurement, and illumination ... 
right out of the box. 

Why waste critical R&D funds on 
costly experimentation? At ALS we've 
already figured it out! 

APPLIED LASER SYSTEMS 
2160 N.w. Vine Street 
Grants Pass, OR 97526, U.S.A. 
Fax: (503) 476-5105 
Telephone: (503) 474-6560 

For QWIK-FAX Information 
call (503) 479-1526 

Protected by u.s. Patents Nos. 5,121,188; 5.1 11,476 

For More Information Write In No. 511 



HIGH-TECH 
PR DUCTNEW 
Highest Perform
ance in VME 6U 
Form Factor 
The SPARC® CPU-5CE'''' from FORCE 
COMPUTERS delivers SPARCstation 10 
class performance in a low cost. single-slot 
YME board. Memory capaciry is 8, 16,32, 
or 64 MBytes of DRAM. The processor 
includes a fuJI range of 1/0 which can be 
expanded to support a wide array of off-the
shelf solutions. Fully compatible with previ
ousSPARCprOOucts. Write In No.693 

Multiple Hot Cathode Sensor 
Gauge Introduced 

HP$ announces the release of the new SensaVac® Series 929 Hot 
Cathode Combinalion Gauge. The user configured 929 measures pressure 
from 10-11 to 104 Torr, displaying the measurements of up to five sensors 
simultaneously. 

The 929 system delivers economical mulcisensor measurement from a 
variety of technologies including Pirani, cold cathode, hot cathode, capaci
tance manometer, convection and thermocouple. It can operate, display 
and degas twO hor cathode sensors at th.e same time, RS-232, RS-485 and 
IEEE-488 communications are available. The controller consists of twO half 
rack units with leak test function, analog output and set points. Both units 
of measure and power requirementS are preset in me factory, but the user 
can change them. 

HPS manufactures VacuComp'('M vacuum components or valves and 
SensaVac® vacuum gauges. For more information contact HPS at 800-
345-1967 or 303-449-9861. Write In No. 694 

Make sure the air 
filter does justice to 
your O.E.M. design 

Specify Universal, and get air filters custom designed to: 
· Meet your specs precisely 
· Keep your product clean 
· Be easily maintained 
· Withstand serious abuse 

... air filters custom manufactured with a wide choice of 
media, to close tolerances, under strict quality control, 
by people who value their reputation. 

HEADHUNTER™ 
HEAD & EYE 

SLAVEn 
POINTING SYSTEM 

COMPLETE, NON-INVASIVE, REAL-TIME 
HARDWARE AND SOFTWARE INSTRUMEN
TATION TO COMPUTE AND ANALYZE 
COMBINED HEAD AND EYE VECTORS FOR 
ADVANCED WEAPONS POINTING, SIMULATION 
ffRAINING & HUMAN FACTORS ASSESSMENT. 

125 CAMBRIDGEPARK DR. 
CAMBRIDGE, MA 02140 

TEL: 617-868-5353 FAX: 617-868-9231 

For More Information Write In No. 435 

• 61dBSNR 
• 30 MSPS on 2 ch. 
• Very Deep Buffers 
• Up to 32 ch. Systems 

Drivers in 
C, Pascal, 

BASIC. 

Phone or Fax now while you're thinking about it, for a free 
sample filter and technical data. Call 1-800-541-3478 or 
618-271-7300, or Fax 618-271-8808. 

CompuScope 6012 

Windows DLL, 
LabVIEW, 

LabWindows, 
DasyLab, 

HyperSignal ... 

On spec . . . on time . .. everytime 

Universal air filter 
mmpany 

IDI 3400 Missouri Avenue P.O. Box 853 
East St. Louis, Illinois 62203 

For More Information Write In No. 4 3 3 

World's Fastest 12 Bit AID Card 
CSLlTE 8 bit / 40 MSPS / 16K $595 
CS220 8 bit / 40 MSPS / 256K $1,995 
CS250 8 bit /100 MSPS / 32K $3,500 
CS1012 12 bit / 20 MSPS / 512K $4,995 
CS6012 12 bit / 60 MSPS / 512K $6,995 

CALL 1-800-567-GAGE 
Gage Applied Sciences Inc. 

5465 Vanden Abeele, Montreal, Quebec, Canada H4S lSI G a Gcz 
From outside North America, call + 1-514-337-6893 
Fax : (514) 337-8411, BBS: (514) 337-4317 

For More Information Write In No. 434 
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Intelligent Data Acquisition 

· . = :;. ~~y;-~;r.;.~, ~ ~ 
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• The 4U-based DAP 32OOe"'Da1a Acquisition ~r~ 
board has its own on-board multitaSking real-time operating 
syste~ DAPL"". thai does Lhe time-critical work in an appli
calion. DAPL, optimized for data acquisition and control, 
recognizes I()()..t. SlaDdard commands. A typical application 
is completely defined with DAPwindowsnt in just minutes. 

• DAPwindows. running on the PC underWindows.can issue 
commands to DAPL to acquIre data or control processes in 
real lime through the Data Acquisition Processor, freeing an 
appHcation from unacceptable delays imposed by Windows. 
Special on-board hardware bypasses DMA 10 drive Ihe bus .. 
maximum speed. 

Please contact os to discuss your project, or tor information: 

206-453-2345 
206-453-3199 FAX 

2265 I 16th Avenue NE 
Bellevue, WA 98004 

MICROSTAR 

LABORATORIES-> 

Air Show features a 
striking fuU·color de
sign on a block shirt 

(design is on back 
of actuoJ shin). 
Aduhtiu~CIYOJ'1obIe. 

Total EOKIo...!: S ___ I<hed. '" WO poyobIe '" NASA Tech a,;.f,1 

SIze{'I: _5 _M _L _Xl 

Nomo ______________ __ 

Com~ny ______________ ___ 

A~""' ______________ _ 
City/S'/Zip ______________ _ 

Mllll'n NASA TlM:h Bmh Dept f 4IEa~ 142.dSI -921 New York ItYIOO!' 

- for(Ttdl'lordordm(nIl1212)490]9I1Q 

C-Programmable Controllers 
Use our controller as the brains of your next 
control, test or data acquisition project. From 
$149 qty one. Features 1/0 to 400 lines, AOC, OAC, 
RS2321RS485, printer port, battery-backed clock 
and RAM, keypads, Leos, enclosures and more! 
Our Simple, yet powerful, Dynamic C11l makes 
programming a snap! 
24-Hr AuloFAX: 
916.753.0618. 
Call lrom your FAX. 
Request calaiog 18. 

1724 Picasso 
Davis.CA !15616 

916.757.3737 ~iI.llliiiiJI' 916.753.5141 FAX . 

For More Infonnation Write In No. 543 
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FREE! 
130 

Page 
Catalog 

"Optics 
for 

....... Il0l Industry" 
Fr~ 130 page product catalog from Rolyn, 
world's largest supplier of "Off-the-Shelf' optics. 
24-hour delivery of simple or compound lenses, 
filters, prisms, mirrors, beamsplitters, reticles, 
objectives, eyepieces plus thousands of other 
stock items. Rolyn also supplies custom prod
ucts and coatings in prototype or production 
quantities. ROL YN OPTICS Co., 706 Arrowgrand 
Circle, Covina, CA 91722-2199, (818)915- 5707, 
FAX (818)915-1379 

High Performance DSP Servo & Micro-Stepper 
Boards for PCIAT ISA Bus and NuBus. 1-4 axes 
of control with Powerful Servo Amps, Bipolar 
Stepper Drivers & Interface Units. Easy-To-Use 
pcRulIIlerWindows software, DLLs, LabVIEW 
Motion VIs, Visual Ba ic Code, QuickBas ic 
drivers and "C" motion libraries. 

nuLogj£ 

Precision Positioning 
Anywhere! 

Farrand linear and 
rotary Inductosyn® 
transducers 
provide absolute 
and incremental 
positioning infor
mation accurate 
to ±40 microinches, to.5 arc second, or beller. 
Rugged and reliable, our position transducers 
operate anywhere, even under extreme 
conditions-vibration, temperature from 
lOOK to 160°C, shock, high pressure, vacuum, 
and dust or oil films. 
Call 914{761-2600 or fax 914{761-0405. 

rum FARRAND CONTROLS 
DIVISION OF RUHLE COMPANIES. INC. 
99 WALL STREET- VALHALLA . NY 10595 

For More Infonnation Write In No. 546 

Best Value in the World 
for 

POL YIMIDE & FR4 
1 to 5 DAY TURN 

110 Il l.ayen 

PRINTED CIRCUIT PROTOlYPES 
-- . -

LAYERS 1 2 3&. 5&6 7&8 
15 $233 $292 $839 $787 $935 

"""""" 30 264 330 72' 891 1059 INCH .... 60 311 3811 853 1049 1137 
!l! 90 358 448 980 1207 '434 

120 385 486 1044 1311 1559 

• 5 PIECES x 1.34 • 5 DAY PRICES ABOVE 
• 10 PIECES x 1.67 • Ul USTED 

• Photo PIouin& : = ~~ltiJ~: 
• TeIlI"I • Full Body Ootd 

• Gold c....... . s'" • c..tooo "-
• 25 ... Bdowl Mil Hole : r:,.~" t.rds 

• Iklow IS MilHok: • Up kI 22 I_yen 

• SMOBC A LPl • s.so • Impedance. control boIrds 

• ... 8 
5% 

• coo 
10% .. .. ... 

Ken Bah I • 1108 W. Evelyn Ave ., SunnyvaSe, CA 94086 
_(408)735-1(31 FA.X (408)735-1408 Modem (408) 735-9842 
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ARE YOU STILL TRYING 
TO MEASURE VERY THIN 

GAPS THE HARD WAY? 

Capacitec HPS Series of thin (back to 
back) sensors can measure gaps as 
small as O.010"(.254mm) inboard 84" 
(2133.6mm) with accuracies of 0.0003" 
(7.6JLm) , without scratching delicate 
surfaces. 

~Capacitec 
P.O. Box 819, 87 Fitchburg Rd., Ayer, MA 01432 U.S.A. 
Tel. (508) 772-6033 • Fax (508) 772·6036 

For More Infonnation Write In No. 550 

REVOLUTIONARY 
NEW PATENT TOOL! 

David Prtssman's 

-----
PATENT IT 
YOURSELF 
SOFTWARE 

-,-~- O""loJNd by Nolo p"", & cDS .... 
I Ever yrhing you need ro 

prepare and fi le a legal 
U.S. parent application withou t a lawyer. 
• Ful l srand-alooe program. 
• All forms With step-by-step instructions. 
• Fully searchable version of David Pressman's 

bescsell i ng book , Patenlll Yourself 
• Comext-sensitive, online legal 

and program hel p. 

SITE J. ICENSES AVA i lABLE. 

To order or for more informacion: 

800-846-9455 
FAX 800-645-0895 
NOLO PRESS . 950 PARKER ST. , 

BERKELEY. CA 94710 

NOLO 

Ii 
PRESS 

For More Infonnation Write In No. 551 

Call. r .U.II • .,t: lilt: lYIuon ••• 

~\i7/ 
~-------Flat continuous light -just like the sun' 
Ordinary TUNGSTEN I Vision Systems 
have a residual 10% "ripple"; FLUO
RESCENT - 60%. and ARC Lamps 
even more! 

Moreover at high speed. light-source 
modulation is ~ to correct with 
software; and depending on the lamp 
used in Color Imaging. light-level 
variations are accompanied by 
fluctuations in color temperature 
Solution? Precision REGULATIONI 

214/690-6565 rnnE]fklf:jfjlif 
fax: 690-1150 LILI~'I.lL,;J'I.lL:.Ju.. 

For More Infonnation Write In No. 552 
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THE TECHNOLOGY CONNECTION 
To Advertise Cal I (800) 944·NASA 

Enginee' & 
Scientifo' s::Jware 

Engineering, Scientific 
.. Technical Software 

Free Catalog! 
CaI/1.BOO.622.3345 

Software for Science is your 
source for the best value in 
engineering. scientific and 

technical software. 
More than 1.000 products. 

1 .312.~n.0444 
1 .312 .~7204n 

2231 N. CIyboum Avo. 
Chicago. IL 60614-3011 

Technology Transfer 
Publications 

PUBLISHING IDEAS 
Associated Business Publications is 
seeking contributors for a proposed 
series of newsletters and magazines 
focusing on a wide variety of t~h
nologies. ExeeUen! profit sharing 
opportunity for experien.ced profes. 
sionals with detailed knowledge in 
specific technical fields. Any techni
cal field wiU be considered. We 
welcome your comments and 
suggestions. 

Contact William Schnirring. President, 
Associated Business PubUcatiODS. 
41 E 42" St.. Suite 921, New Yon. NY 10017 
Tel: 212-490·3999; Fax: 212·986·7864. 

Electromagnetic 

LEARN ABOUT 
ELECTROMAGNETIC 

FIELDS (MICROWAVES 
AND POWERLINES) 

Call the EMF Info 
H otline 

1-900-990-2455 
$3 PER 'UNo.rn:, AVERAGE COST 24 

A VERAG E LENGTH 8 MlNllJ'ES 

/8,.'f_O\RS Ol/) OR 0I.JJf,Jt 

EMF INFo CHANcrs SUNDAY [CIff 

V & S ASSOCIATES, I lAwnIORNE. NY 

Call For Nominations 

SBIR Technology Of 
The Year Awards 

The first annual Small Business in
novation Research (SBIR ) T echnolo
gy of the Year Awards will be pre
sented this November in Washing
ton, DC in conj u nction with the 
Technology 2004 national techn ol
ogy transfer conference & exposi
tion . Pbase II and III SBIR com 
panies that have develo ped novel, 
commercially-i mporrant technolo
gies and products through SBIR 
funding are invited to submit nom
inations and exhibit at Technology 
2004. For a complete nomination 
package, write in no. 424 or call 
Wayne Pierce at (212) 490-3999. 

BusUU'4J8 Opportunities 

MANUFACTURER WANTED 
A qualified manufacturer is badly needed to bring my de
sign-an innovative bicycle safety device-to market. We 
have two test purchase orders for more than $125,000 
from one of America's largest retailers. If successful, we 
anticipate millions of dollars to follow. I am in patent 
pending and will contribute thousands of my own dollars 
for product development 
if you're the one that can 
do the job. The Biker's 
Delight Signal Light and 
Horn could be for you. 

Co_ct: John J.lzzo, Sr., 
56 Richmondville Awe., 
Westport, CT 06880. 
Tel: 203-227-7815. 
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DESKTOP 
MANUFACTURING ••. 

We are the leading supplier of sealed CO2 lasers to manufac
turers of "desktop" or fUlly automatic laser processing equipment, 
covering a power range trom 7 to 200 Watts. We manufacture 
more CO2 lasers than any other company in the world. 

The parts shown above are manufactured or marked in sec
onds to minutes with a sealed 25 Watt CO2 laser on the same 
workstation. A PC generated CAD file addresses the laser beam in 
intensity and x-y motion. 

Laser and machine operating costs are about half a penny 
per Watt-hour, while creating parts worth $5 per Watt-hour; all 
without hard tooling. Laser acquisition cost is $100-$150 0:r 
Watt, while a gas life of 20,000 "on" hours assures years of 
reliable service. 

Our International Representatives 
Australia: 61-3-761 -5200. Belgium & luxembourg: 32-71 488448. Canada: 514-331·3202. 

Chino: 86-1-5002255 x 4350. Czechoslovakia, Hungary, Poland, Siovok 
Republics: 49 89 1560 II. Denmork:45-39-40-60-44. France & Switzerland: 
33-1 -60-79-59-51 . Germany, Austria, Switzerland: 49-89·890 1350. 
Greece:30-3'-204550. /srael:972-9-57411' . )apon:81 -3-3758-1111. 
Koreo:82-2-753-3108. The Netherlands: 31 · 1720-31234. 
Poland: 48-224-318-02. Singapore: 65-382-2633. 
South Africa: 27- 12-86· 11 00/ 8088/ 8052. Spoin: 34· 1-5 19-0 1-65. 
Sweden & Norway: 46·8-75691 90. Turkey: 901 -516-22- 17. 
United Kingdom: 44-908· 22/123. 

Our sealed C02 lasers 
help make it possible 

If you are interested in putting the extreme productivity of 
sealed CO2 lasers to work in your applications, talk to us-we will 
help you . Our patented "All Metal" technology is simple, reliable 
and proven world wide in thousands of installations: 
COLOR MARKING OF ALUMINUM. CUTTING. DRILUNG • ENGRAVING 
• ELEGRONIC COMPONENT MARKING • GASKET MANUFACTURING • 
GLASS PROCESSING • HEAT SEAUNG • MODEL MAKING • MOLD TRIM
MING • PERFORATING • PLASTIC PARTS • POLYMERIZING • RESISTOR 
TRIMMING • SCRIBING • SIGN MAKING • SAIL CUTTING • SOLDERING 
• TEXTILE CUTTING. WATERMARK SENSING. WELDING. WIRE STRIP
PING • 3D UTHOGRAPHY 

11816 North Creek Parkway N. 
Bothell, Washington 9801 1-8205 
(206) 483-6100 Fax (206) 485-4882 
l-800-SYNRAD-1 (1-800-796-7231) 

For More Information Write In No. 680 
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Look no 

L ____ _ 

It's easy to see that the NEWWindoGra 980 
recorder helps you look at your signals in all 
the ways you need. So you get maximum 
flexibility for use in your application. And all 
these capabilities are engineered into a 
familiar chart recorder format, giving you 
portable recording system performance in an 
easy-to-use package. 

When you take a closer look, the 
WindoGraf 980 recorder shows you more and more. 

.,eno . --

...... 

Look Now: Our monitor provides a valuable real-time 
signal display -horizontal or vertical format up to 200 mmls. So now 
you can minimize paper usage by performing trace setup and 
monitoring without running the chart. Look Later: Capture signals to 
removable PCMClA hard drives with more than 100 Mbyte capacity; 
record data continuously for one week. 

Look Selectively: Gould offers a wide range of plug-in signal 
conditioners that isolate the signal characteristics you want. Look and 
Analyze: Our optional software makes it easy to review and analyze 
WindoGraf 980 recorder signals on a standard PC under 
the Microso Windows'" operating system. 

WindoGraf 980 recorder. Look no further. 

For M_ InformMlon Write In No. 539 
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further. 

-, -} GOULD 
I Instrument Systems 

I 

+---------
Yes, I wanta 
closer look at the 

New WindoGraf 980 recorder! 
Name: 

Title: 

Company: 

Street: 

City: State: 

Telephone: Fax: 

Send to: Gould Instrument Systems. Inc. 
8333 Rockside Road. Valley View. Ohio 44125. 
Or call (216) 328-7000. Fax (216) 328-7400. 

Zip: 

NTB 9/94 
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