


ew! From .f T- OMEGA 
CN1200 Series 

Universal 
Digital 

Controller 

From $250 

Thermocouple 

to> 

Wire 

Teflon® Coated 

Priced by the Spool 

Model DP462 

Temperature 
Indicator 

$328 

Model HHll0 

$85 

Model HH·82 

Handheld 
Digital 

Thermometer 

$169 

OS60 Series 

Fixed Infrared 
Temperature 

Sensor 

From $545 

Model CN310 

Temperature 
Controller 

$199 

TX90 Series 

Miniature 
Transmitters 

From $125 

88000 Series 

Surface 
Probes 

From$110 

Model CL·307 

Thermocouple 
Calibrator 

$495 

DP10 Series 

Digital Panel 
Meter 

From $425 

SAl Series 

Self·Adhesive 
Thermocouples 

$60/5-pack 

CN350 Series 

From $99 

Model 115 

Digital 
Thermometer 

$155 

CN380 Series 

From $299 

CN9000 Series 

Miniature 
Temperature 

Controller 

From $199 

5·Dot Labels 

"I 
... h 

... . 
: su 
... . .. .. 
110 Qa 
>OS • 

~ 

Non· 
Reversible 

Temp. Labels 

$19110·pack 

~.­TEMPERATURE 

All These Products 
and Many More! 

Widest Selection of Temperature Measurement and 
Control Products Available 

For FREE Handbook call (203) 351-RUSH. 
r--------------------, 
I Name I 

OMEGA Engineering provides 
customers the world over with the 
technology and innovation they need 
to master their temperature 
measurement and control 
requirements. OMEGA Handbooks 
and Encyclopedias have long been 
the trusted source for quality sensors 
and instrumentation for Industry, 
Research , and Education. 
Our knowledgeable sales 
representatives and product 
engineers support OMEGA's 
unyielding commitment to complete 
customer satisfaction. Wherever you 
are, ordering from OMEGA is easy 

with toll-free sales and technical 
assistance during business hours 
coast-to-coast in the U.S. and 
Canada, 24-hour FAX ordering, and 
a full staff of international specialists. 
For your custom design 
requirements, let our applications 
engineering staff show you how we 
can custom design the right product 
to your exact specifications. 

Call Sales TolI·Free at 

1·800· Te·OMEGA 
IN CT (203) 359·1660 

I I 
I Address I 
I I 
I City State Zip I. 
I ~ 
I Please send me the following FREE I 
I OMEGA Handbooks: h 
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o Pressure 0 Data Acquisition I. 

o Flow 0 Electric Heaters I 
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lE OMEGA ENGINEERING It 
I One Omega Drive, P.O. Box 4047 I 
I Stamford, CT 06907 I 
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OCOPYRtGHT 1"" OMEGAENGIHEERING, INC ALlRIOHTS RESERVED, PAINT£OIN USA 



when 
loline plotters are designed to 

give you more flexibility and fea­
tures for less cost than any other 
machine of their kind. 

For example, our plotters draw 
not only on A through E sizes of 
media, but also plot on hundreds of 
in-between sizes from 1.5"xLS" up 
to 3 7" wide roll stock. This saves you 
time and money by allowing you to 
make "check plots" on small , low­
cost paper before committing to 
full -size media for final work. 

It's easy also to set paper size, 
pen speed, micro-calibration, plot 
rotation-everything exactly as 
you want- by just tapping a few 
keys on the piotter's intelligent 
keypad. Plus, up to 3 sets of person­
alized defaults can be saved in its 
non-volatile memory. 

They're fast, too. Our high-
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performance 
speeds selectable 
per second (Ips) axially 
resolution. For less demanding 
plications, our economical LP3700nt 

plots up to 10 ips axially with .0025" 
resolution. 

Another feature is compatibility. 
loline plotters emulate both 
HP-GL and DM/PL plotter lan­
guages so they work with a 
host of software like AutoCAD, 
VersaCAD, and CAD KEY, to 
name a few. 

Furthermore, our Multi-pen 
Changer'M option holds up to 20 

IOLINE 
LARGE-FORMAT PEN PLOTTERS 

pens 
Wtthour 

BUFFER" opdoI1, 
you can dramati­

cally increase plot­
ting throughput 

with intelligent vector 
sorting and compres­

sion buffering of up to 
1 MB of plot data. 
Now here's the clincher: 

Our top-gun. servo-driven 
LP4000 costs just $4.995.* And 

there are other models priced 
even lower! 

Why wait? Call us now at 206-
8Z1-2140. Or. drcle our reader ser­
vice number and we'll gladly send 
you our brochure. 

Remember. getting your money's 
worth-that's what lollne plotters 
are all about. 

IOLINE CORPORATION 12020 - 113th AVE. NE KIRKLAND, WA 98034 (206) 821-2140 TELEX 49498561C UI FAX (206) 823-8898 
LP4()()(), LP3700. Multi-pen Changer, and hyperBUFFER are trademarks of Iohne Corporation. AutoCAD is a regIStered trademark 01 Autodesk, Inc. 
VersaCAD IS a registered trademark of T&W Systems. CADKEY IS a registered trademark of MicroControl Systems. Inc. <Suggested U.S. Ust price. 
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Technology so 
advanced it will 
help answer some 
big questions. 

THORNEL® Advanced Composites 
Proprietary materials development. 

Our mesophase pitch fibers , based on 
unique technology patented worldwide, 
are now available in more forms than ever, 
including individual prepreg plies of one mil 
thickness. These materials and materials 
systems demonstrate properties essential 
for solving many of your most demanding 
problems when it comes to aero, outer 
and deep space applications. 

New performance frontiers. So far, 
this new technology has shown stiffness 
characteristics far superior to current 
materials. It also imparts unsurpassed 
dimensional stability allowing you to tailor 
coefficients of expansion to 0 or negative 
if required. Plus, with thermal conductivity 
3 to 5 times that of copper, it can solve 
many of the thermal management prob­
lems encountered in aerospace designs. 

The attainable unknown. While current 
applications include laser hardening, low 
observable technology and use in space 
radiators, space panels and heat sinks, the 
potential of this material can take you far 
beyond today's design li mits. With our 
ongoing research and the evolution of 
design the mysteries of space will, in time, 
be revealed. 

We can help. Ask us questions. Our 
research people can guide you to materials 
solutions for your toughest design prob­
lems. You can reach us at Amoco Per­
formance Products, Customer Service, 
1-800-222-2448. 

We do more than create the technol­
ogy. We share the vision. 
THE ALL AMERICAN SOLUTION 

I. 
aT&: 
AMOCO 
~I~ 

Amoco Performance Products 
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InfraIlletrics infrared iInaging: 
to see, to quantify, to understand. 

~
ether you're looking for 

pressure leaks in an aircraft 
fuselage or fluid ingress in the 
flaps; electrical system hot spots or excessive bear­

ing friction; delamination in composite struc-
__ •. ~."", or shorts in a multilayer printed circuit 

board ... the infrared diagnostic technology 
of Inframetrics systems will quickly give 

you the answers you need. 

Our concentration on practical infrared 
imaging and temperature measurement -
the delivery of useful results, under 

real-world conditions, at reasonable 
prices - has made us a leader in infrared 

imaging radiometers, and producers of 
the widest variety of thermal imaging 
instrUments in the world. 

A complele syslem, carl-mounced, with optional VCR 
and Polaroid hard copy syslem, goes anywhere. 

ThermaGRAM Is • registered trademark of 
Thermoteknlx Systems Ltd., Cambridge, England. 

Model 600 on the lab 
bench ... stalwarl of 
sophislicaled radi­
omelers. 

Model 600 provides SpOI lemperalures of 
wmponenlS on PC board. Line scan profil­
ing, isolhem! concouring and area measure­
menl are all scandard, wilhoUI compuler 
incerface. 

TV-compatible, compact and field­
portable, Inframetrics Imaging Radi­
ometers and Thermal Imagers provide 
real time imagery with excellent picture 
quality for the highest total performance 

commercially available today. Combine these capabilities 
with the most versatile image-processing system in the 
market; ThermaGRAM® performs histogram analysis, 
time vs. temperature studies, real time image analysis, 
and countless other functions. 

Just consider the possibilities. 

Inframetrics systems adapt to a wide variety of applica­
tions, including R&D, nondestructive testing, electronic 
diagnosis, quality control, facilities maintenance and 
medicine. 

Model 445 high resolucion lhermal 
imager shows delaminalion in a com­
posice panel. I deal for qualilalive 
analysis, nondeslruclive lesling, 
securicy SYSlems, more. 

Inframetrics systems open the door to another engt­
neering perspective on your problems. To learn 
more, tell us your application. 

·nfratnet ·CS T 1._ ... 5 .. 

16 Esquire Rd., No. Billerica MA 01862-2598 Offices worldwide 
TEL 508-670-5555 • FAX 508-667-2702 • TWX 710-326-0659 
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NASA is developing super·tough astronaut suits for Space 
Station extravehicular activity and for lunar and Mars surface 
exploration. The above photo shows underwater testing of 
the Ames Center's new X·5 space suit, which Is made of 
aluminum and stainless steel with no soft fabric parts. See 
page 16. 

DEPARTMENTS 
On The Cover: A nuclear­
electrlc-propulslon cargo 
vehicle approaches Mars In 
this artist's conception. 
NASA contemplates using 
electrlcally-drlven vehicles 
to support a manned Mars 
mission early next century. 
Turn to page 16. 
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. . 92 
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Lewis Center researchers 
have simulated the un· 
steady flow surrounding 
advanced turboprop airfoil 
sections. See page 66. 

New This Month 
For your convenience, 
we have combined the 
SubscriptionfTechnical 
Support Package Form 
and the Reader Action 
Card into a single, easy· 
to-use form (page 81). 

Th is document was prepared under the sponsorship of the National Aeronautics and Space Administration. Neither Associated Business 
Publications Co., Ltd. nor anyone acting on behalf of Associated Business Publications Co., Ltd. nor the United States Government nor 
any person acting on behalf of the United States Government assumes any liability result ing from the use of the information contained 
in this document, or warrants that such use w.ill be free from privately owned rights. The U.S. Government does not endorse any com· 
mercial product, process, or activity identified in th is publication. 
Permissions: Authorization to photocopy items forintemaJ or personal use, or the Internal or personal use of specific clients, ls granted by Associated Business Publications, provided that the flat fee of $3.00 per copy 
is paid directly to the Copyright Clearance Center (21 Congress St., Salem. MA 01970). For those organizations that have been granted a photocopy license by CCC, a separate system of payment has been arranged. 
The fee code for users of the Transactional Reporting Service Is: ISSN 0145-319X/89 $3.00 + .00 

~:;~esc~0~~i~~fu~~St~~1~~i~~~~ ~~~; ~~'f~7~h~g~~~g~~~~IY:~ ';yUN~~:.p~31~~~:~ ~a~~~~~r~~csl~g~i~~dc~r~~Ia~rost~711~;~t~~~~ ~~'4i~~' ~~ r;e~~N~~tYONr:~NY:'~~';'~og~ 7~~~~c ~~~I~~~~~~~~en~~~~I7read 
subscribers in the U.S., Panama Canal Zone, and Puerto Rico, $75.00 for 1 year, $125.00 'or2 years; $20010r3 years. Single copies $10.00 Remit by check, draft. postal or express orders. Other remittances at sender's 
risk Address all communications for subscrtpUons or circulation to NASA Tech Briefs, 41 E. 42nd Street , New York. NY 10017·5391 . Second·class postage paid at New York, NY and additional mailing offices. 

POSTMASTER: please send address changes t o NASA Tech BrIel., 41 E. 42nd Street, SuIte 921 , New York, NY 10017-5391 . 
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High-performance alloys are in­
creasingly used as sheet and strip, 
for applications requiring ever­
higher quality. Users of heat- and 
corrosion-resistant alloys want 
economical sheet/strip sizes, 
weld-free coils, improved surface 
quality- more precise section 
shape, and closer tolerances. Inco 
Alloys International has taken 
steps to meet these demands. 

A new hot-strip reversing mill, 
unsurpassed among producers of 
high-performance alloys, com­
bines with a recently acquired 
cold-rolling facility to offer you 
high-quality sheet and strip in 
thicknesses from .005" to .250" 
and widths from .750" to 48(1 In 
addition to close dimensional 
tolerances, you get a superior sur­
face finish and weld-free lengths 
in coil weights that can exceed 
20,000 lb. And every production 
step is state-of-the-art, to give 
you the best product available. 

This total in-house production 
permits strict quality control and 
traceability of your order from 
melting to shipment. And with 
the world's widest selection of 
high-performance alloys to 
choose from, you'll find exactly 
the properties you need. Corro­
sion resistance, high-temperature 
strength, superior dimensional 
stability - whatever it takes to 
get the job done. 

Inco Alloys International also 
provides the performance and cost­
efficiency you demand in a range 
of other forms such as rod, bar, 
plate, section, pipe, tubing, wire, 
and companion welding products. 
All available through a worldwide 
sales network including distri­
bution centers located near you. 

To find out more, write for a 
free copy of "High-Quality 
Superalloy Sheet and Strip~' 
Inco Alloys International, Inc., 
Huntington, West Virginia 25720. 
Or, for a quicker reply- FAX us 
at (304) 526-5441. 

A INCO ALLOYS 
... INTERNATIONAL 
Distributors in the USA: Castle Metals,. 
Metal Goods, TubesaJes, and Williams & Co. 
In Canada: Atlas Alloys and Drummond 
McCall Inc. 



Data Acquisition and Controls. 

Er the last forty years Wyle Laborato­
ries has developed data acquisition and con­
trol systems for hundreds of applications. 

A Wyle real-time data acquisition and 
control system will provide easier and quicker 
test setup. It will completely automate test 
sequencing, control, and monitoring as well 
as provide for data recording , analysis, and 
report generation. Wyle can provide require­
ments definition, system design, develop­
ment, and installation along with software 
and integration functions to ensure a work­
ing system that fits your specific needs. Our 
complete documentation and training courses 

allow you to use the system productively 
and maintain it effectively. 

A Wyle system will greatly reduce the 
time and cost required for the testing cycle 
in the same manner a CAD/CAM system 
improves the product design cycle. Now 
testing, the longest and most important 
phase of the product development timetable, 
can be accomplished more rapidly, reliably, 
and with less cost than ever before. 

For more information about Wyle data 
acquisition and control systems, call Ray 
Rec in Hampton, VA at (804) 865-0000. Our 
staff of specialists will be waiting to meet you. 

WYLE SCIENTIFIC SERVICES 
& SYSTEMS 

LABORATORIES GROUP 

3200 Magruder Boulevard, Hampton , VA 23666, (804) 865-0000 

The Test and Engineering Company. 
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Now for 

PROPULSIO E GI EEftS 
"A modular pressure 
scanning system with 
these powerful new 
features!~ 

o ffitra High Speed Data Acquisition Rates 
with parallel processing! Its 68020 microprocessor 

controls up to 64 plug-in input units for 400,000 
meas./sec. Throughput rates up to 20,000 E.U./sec 

are possible while simultaneously acquiring raw data. 

o Guaranteed Accuracy of .05% FS with on-line 

calibration. It's user programmable and maximum 
accuracy is insured by an internal quartz secondary 

standard. 

o Any Analog Or Digital Input; pressure, 
flow, temperature, etc., (in any media) can be mea­

sured with dedicated input units. Each has its own 
microprocessor and special aquisition hardware. All 

data packets are time correlated in common formats. 

o Easy Installation And Expansion with 

remote processors, local slaves, and input unit racks. 
The 8400 System's mainframe has a VME bus, IEEE 

interface with DMA rates of 500,000 BPS. Software 
drivers are available for lIP, DEC, and IBM computers. 

Fora 
Demonstration 
or Full Color 
Brochure .. . 

CALL 
1-800-878-SCAN 

34 Research Drive 
Hampton, VA 23666 
(804) 865-1243 
Fax 804-766-2644 Telex 901406 
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New ProduClldeas 
New Product Ideas are Just a 
few of the many Innovations 
described In thlsillue of NASA 
Tech Sri.,. and having promising 
commercial applications. Each Is 
discussed further on the 
r.terenced page In the appro-

prlate section In this Issue. If you 
are Interested In developing a 
product from the .. or other NASA 
Innovations, you can receive fur· 
ther technical Information by r. 
questing 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 14). NASA's patent-llcenslng 
program to encourage commer· 
clal development Is described on 
page 14. 

Carbon/Carbon Panels 
Cooled by Heat Pipes 

A new cooling structure considered for 
hypersonic aircraft combines high·temper· 
ature heat-pipe and carbon/carbon tech· 

nologies. With new coatings that are being 
developed, maximum operating tempera­
tures will reach 3,000 OF (1,649°G). (See 
page 64). 

Heat·Flux Sensor for 
Hot Engine Cylinders 

A heat·flux sensor includes a buried 
wire thermocouple and a thin-film surface 
thermocouple, both made of platinum and 
platinum with 13 percent rhodium. The 
sensor is intended for use in a ceramic­
insulated, Ioo-heat-rejection diesel engine 
at temperatures of about 1,000 K. (See 
page 48). 

Circle Reader Action No. 358 

Making a Precisely 
Level Floor 

A floor-pouring procedure, mainly for 
laboratories and special installations, 
yields a large surface that is level, smooth, 
and hard. The method has been used to fa· 
bricate a 1,200-ft2(111-m2j floor that varies 
locally in elevation less than 0.Q15 in. in 16 
horizontal in. (0.038 cm in 0.41 horizontal 
m). (See page 78). 

Circularity·Measuring 
System 

A shape gauge and an associated com­
puter constitute a system that measures 
the deviations of large cylinders from 
roundness. The system can be used to 
measure the straightness, roundness, or 
complicated shapes of such large geo­
metrical objects as the surfaces of aircraft, 
the hulls of ships, and buildings. (See page 
83). 

Fleld-5equential 
Color Converter 

An electronic conversion circuit en­
ables the display of signals from a field·se­
quential color·television camera on a color 
video camera. The field·sequential tech­
nique of encoding color video signals re­
duces the size, weight, and power con­
sumption of a video camera by requiring 
only one image sensor instead of the usual 
three. (See page 24). 

Whistle Gauge Measures 
Flow and Temperature 

A simple, rugged gauge is used to 
measure the speed of floo and the temper­
ature of steam or other gas flOOing th rough 
pipes of arbitrary diameter. The gauge is a 
specially designed, instrumented whistle 
that generates intense sound for use in the 
measurements. (See page 65). 
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Its after-
~umers . you!,o'60,OOO Catapu t 
off a flat in an P-"14 Tomcat, roaring 
from 0 fo 170 ph In just 3 secondsl 

Now you can experience the thrill of 
flying the most formidable combat aircraft 
in the world - planes of electrifying capabili­
ties, astonishil)g supersonic speeds, and 
dazzling ar~ys of weaponry. It's all in a new 
all-action video library, IN THE COCKPJr 
Featuring spectacular combat footage and 
narration written by leading experts'on 
military aviation. 

Six Action-Packed Videos 

You'll receive six exciting videos, filled with 
authentic, breathtaking action. Go on a 
mission aboard the finest reconnaissance 
aircraft bu ilt, the incredible SR-71 Blackbird 
in Spies In the Skies. Fly with dedicated 
spy planes like the ones used over Cuba 
and Vietnam. In Red Star see close-ups 
of the new Soviet MiG-29. See the Famous 
Hind and Halo attack helicopters in re­
markable footage from Nicaragua and 
Afghanistan. Fly carrier launched air strikes 
against North Vietnam in FlatTops, and 
search for Soviet submarines in the Hawkeye. 

In Eagles in the Sky, fire Phoenix 
missiles from the Navy's F-14 Tomcat, and 

fly the Air Force's F-15 Eagle and -16 
Falcon on air superiority missi ills. In Fly 
Low, Hit Hard see ground attack action in 
Vietnam with tt)e nimble A-4 Skyhawk 
and the most feared ground attack aircraft 
in the world like the Thunderbolt II and 
the battle-proven Israeli Kfi,. And in Target 
Tank, witness combat helicopter action 
on the modern battlefield. 

Attractively Priced, 
Convenient Monthly Installments 

IN THE COCKPIT is available exclusively 
from Easton Press Video. Each set of six 
videos-60 minutes each- comes in a hand­
some library case and is priced at just 
~149.75t payable in convenient monthly 
Installments. To order, simply return the 
attached coupon or call the Toll-Free num­
ber. If you are not totally satisfied, return 
your set within 15 days for a full refund. 
Order today to avoid disappointment! 
f plus 4.75 shipping/handling per set 

CALL TOLL FREE 1-800-367-4534 

Satisfaction 
Guaranteed 

: 1 .... 317-4534 
Yesl Please send me the IN THE COCKPIT 
video library. I understand only VHS format 
is available. 

Name-----;;;:-Pl£AS£<.U~=~CUAAI:=y---=----, 

Address ___ ----:-_ _____ -..,.;.:!:.-

City/State/Zlp_~ _ _ --+ _____ _ 

Signatu re (All orders subfect to acceptance) 

Charge each of 6 equal monthly installments 
of $25.75' to my credit card : 
OVISA O MasterCard O American Express O DinersClub 

Credit Card No Exp Date 
o I prefer not to use a credit card and will pay 
by check. Enclosed is my deposit of $50.00~ 
I Will pay the balance of $104.50' in three 
monthly installments of $34.83' each. 

• Conn. residents add 8%; 1N residents add 7"'% sales tax. 
Allow 2 to 4 weeks for shipment. 172 



HOW YOU CAN BENEFIT I f you're a regular readerofTECH BRIEFS, then you ' re already 
making use of one of the low· and no·cost services provided by 
NASA's Technology Uti lization (TU) Network. But a TECH 
BRIEFS subscription represents only a fraction of the technical 
information and applications/engineering serv ices offered by 
the TU Network as a whole. In fact, when all of the components 
of NASA's Technology Utilization Network are considered, 
TECH BRIEFS represents the proverbial tip of the iceberg. 

FROM NASA's 
TECHNOLOOY 
UTIUZAnON 

We've outl ined below NASA 's TU Network-named the 
participants, described their services, and listed the individuals 
you can contact for more Information relating to your specific 
needs. We encourage you to make use of the information, 
access, and applications services offered by NASA's 
Technology Uti lizat ion Network. SERVICES -.. __________________ .. ________ ~------~---------------------------------------------------------.I~ 

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

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

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

Aerospace Research 
Applications 
Center (ARAC) 
Indianapolis Center for Advanced 
Research 
611 N. Capitol Avenue 
IndianapoliS, IN 46204 
Dr. F. Timothy Janis, Director 
(317) 262-5036 
Rural Enterprises, Inc. 
Central Industrial Applications 
CenterlNASA (CIAC) 
P.O. Box 1335 
Durant, OK 74702 
Steve R. Hardy, President 
(405) 924·5094 
North Carolina Science and 
Technology Research Center 
(NC/STRC) 
Post Office Box 12235 

Research Triangle Park, NC 
27709 
H. Lynn Reese, Director 
(919) 549-0671 
NASA Industrial App lications 
Ctr. 823 William Pill Union 
University of Pittsburgh 
Pillsburgh, PA 15260 
Dr. Paul A. McWilliams, 
Exec. Director 
(412) 648-7000 
NASA/Southern Technology 
Applications Center 
Box 24 
Progress Ctr. , One Progress Blvd . 
Alachua, FL 32615 
J . Ronald Thornton, Director 
(904) 462-3913 
(800) 354·4832 (FL only) 
(800) 225-0308 (toll ·free US) 

NASA/UK Technology 
Applications Program 
University of Kentucky 
109 Kinkead Hall 
Lexington, KY 40506-0057 
William R. Strong, Director 
(606) 257-6322 
NERAC, lnc. 
One Technology Drive 
Tolland, CT 06084 
Dr. Daniel U. Wilde, President 
(203) 872-7000 
Technology Application Center 
(TAC) 
University of New Mexico 
Albuquerque, NM 87131 
Dr. Stanley A. Morain, Director 
(505) 277-3622 

NASA Industrial Applications 
Center (WESRAC) 
University of Southern California 
Research Annex 
3716 South Hope Street, Room 
200 
Los Angeles, CA 90007-4344 
Radford G. King, Exec. Director 
(213) 743-8988 
(800) 642-2872 (CA only) 
(800) 872-7477 (toll·free US) 
NASA/SU Industr ial Applications 
Center 
Southern University Department 
of Computer Science 
P.O. Box 9737 
Baton Rouge, LA 70813-9737 
Dr. John Hubbell, Director 
(504) 771 -6272 

If you represent a public sector organizat ion with a particular need, you can contact NASA's Application Team for technology matching and problem solving 
assistance. Staffed by professional engineers f rom a variety of disciplines, the Application Team works with pu blic sector organizations to identify and 
solve critical problems with existing NASA technology. Technology Application Team, Research Triangle Insti tute, P.O. Box 12194, Research Triangle 
Park, NC 27709. Doris Rouse, Director, (919) 541·6980 

How You Can Access Technology Transfer Services At NASA Field Centers: 
Technology Utilization Officers & Patent Counsels-Each NASA Field Center has a Technology Utilization 
Officer (TUO) and a Patent Counsel to facilitate technology transfer between NASA and the private sector. 
If you need furthe r information about new technologies presented in NASA Tech Briefs, request the Technical Support Package (TSP). lf a TSP is not available, 
you can contact the Technology Utilization Officer at the NASA Field Center that sponsored the research. He can arrange for assistance in applying the 
technology by pulling you in touch wi th the people who developed it. If you want information about the patent status of a technology or are interested 
in licensing a NASA invention , con tact the Patent Counsel at the NASA Field Center that sponsored the researc h. Refer to the NASA reference number 
at the end of the Tech Brief. 

Ames Research Ctr. 
Technology Utilization 
Officer: Laurance Milov 
Mai l Code 223-3 
Moffett Field, CA 94035 
(415) 694·4044 
Patent Counsel: 
Darrell G. Brekke 
Mail Code 200-11 
Moffett Field, CA 94035 
(415) 694-5104 
Lewis Research Center 
Technology Utilization 
Officer: Harvey 
Schwartz (acting) 
Mail Stop 7·3 
21000 Brookpark Road 
Cleveland. OH 44135 
(216) 433·5567 
Patent Counsel: 
Gene E. Shook 
Mail Code 301-6 
21000 Brookpark Road 
Cleveland , OH 44135 
(216) 433-5753 

John C. Stennis 
Space Center 
Technology Utilization 
Officer: Robert M. 
Barlow 
Code HA·OO, Bldg.ll03 
Stennis Space Center, 
MS 39529 
(601) 688-1929 
John F. Kennedy 
Space Center 
Technology Utilization 
Officer: Thomas M. 
Hammond 
Mail Stop PT·PMO·A 
Kennedy Space 
Center, FL 32899 
(407) 867-3017 
Patent Counsel: 
James O. Harrell 
Mall Code PT·PAT 
Kennedy Space 
Center, FL 32899 
(407) 867-2544 

Langley Research Ctr. 
Technology Utilization 
Officer: John Samos 
Mail Stop 139A 
Hampton, VA 23665 
(804) 864-2484 
Patent Counsel: 
George F. HelfriCh 
Mail Code 279 
Hampton, VA 23665 
(804) 864-3523 
Goddard Space Flight 
Center 
Technology Utilization 
Officer: Donald S. 
Friedman 
Mail Code 702.1 
Greenbelt , MD 20771 
(301) 286·6242 
Patent Counsel: 
R. Dennis Marchant 
Mail Code 204 
Greenbelt , MD 20771 
(301) 286·7351 

A Shortcut To Software: COSMICi!L-For software developed with 
NASA funding , contact COSMIC, NASA's Computer Software Manage­
ment and Information Center. New and updated programs are announc· 
ed In the Computer Programs section. COSMIC publishes an annual 
software catalog . For more info rmation call or write: COSMIC , 382 
East Broad Street, Athens, GA 30602 John A. Gibson, Dir., (404) 
542·3265 
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Jet Propulsion Lab. 
NASA Resident Office 
Technology Utilization 
Officer: Gordon S. 
Chapman 
Mail Stop 180-801 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-4849 
Patent Counsel: 
Paul F. McCaul 
Mail Code 180-801 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-2734 
Technology Utilization 
Mgr. for JPL: Dr. Nor· 
man L Chalfin 
Mail Stop 156-211 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-2240 

George C. Marshall 
Space Flight Center 
Technology Utilization 
Officer: Ismail Akbay 
Code ATOI 
Marshall Space Flight 
Center, 
AL 35812 
(205) 544-2223 
FAX (205) 544·3151 
Patent Counsel: 
Bi/l Sheehan 
Mail Code CCOI 
Marshall Space Flight 
Center, 
AL 35812 
(205) 544-0021 

Lyndon B. Johnson 
Space Center 
Technology Utilization 
Officer: Dean C. Glenn 
Mail Code IC-4 
Houston, TX 77058 
(713) 483-3809 
Patent Counsel: 
Edward K. Fein 
Mail Code AL3 
Houston , TX 77058 
(713) 483-4871 
NASA Headquarters 
Technology Utilization 
Officer: Leonard A. Ault 
Code CU 
Washington, DC 20546 
(202) 453-8377 
Assistant General 
Counsel for Patent 
Matters: Robert F. 
Kempf, Code GP 
Washington, DC 20546 
(202) 453-2424 

If You HaveaQuestion ... NASA Scientific &Technlcallnfor­
mat/on Facili ty can answer questions about NASA's Technology 
Utilization Network and its services and documents. The STI staff sup· 
plies documents and provides referrals. Call , write or use the feedback 
card in this issue to contact: NASA Scientific and Technlcallnforma· 
tlon Facility, Technology Utilization Office, P.O. Box 8757, Baltimore, 
MD 21240-0757. Walter M. Heiland, Manager, (301) 859·5300, Ext. 242, 
243 
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A Quality High-Resolution Image. . . 
The GX-2000 is the latest in Modgraph's series of high-resolution graphics terminals. In a 
contemporary low profile enclosure, the GX-2000 offers our field proven TEK 4010/4014 
and DEC Vf220 / 100 emulation in a reliable low cost graphics terminal backed by a full 
one year warranty. 

Additional standard features provided in the GX-2000 include windowing capabilities and 
DEC SIXEL graphics. Standard hardcopy interfaces are dot matrix, inkjet, and laser. 

An extra large 15" flat screen produces a crisp 1024 x 780 resolution image with TRUE 
ZOOM capability standard. Optional features include: memory for three additional fully 
independent graphics screens, TEK 4631 hardcopy interface, composite video output, 
mouse, data tablet, or trackball. 

Trademarks: 
Tektronix, Inc.- 4010/ 4014 / 4631 
Digital Equipment Corp.-Vfl00, Vf220, 149 MiddlesexTurnpike, Burl ington, MA01803 
SIXEL (617) 229-4800, outside MA (800) 327-9962 

Circle Reader Action No. 337 

Image courtesy of 
Computervision Corp. 



Over the next decade, Project Pathfinder 
will develop the enabling technologies 
fo r bold new space missions. 

Project Pathfinder 
As the nation commemorates 

the historic Apollo moon land· 
ing, NASA is preparing for the 

next "giant leap" into the solar system. 
In partnership with U.S. industry and 
universities, the Space Agency has em­
bar1<.ed on a major research project call­
ed " Pathfinder" that will develop the 
enabling technologies for piloted mis-

16 

NASA Plans For Man's Next "Giant Leap" 

sions to Mars, lunar outposts, and the 
advanced robotic exploration of the 
solar system. 

Project Pathfinder will provide a 
base for wise decisions on future mis­
sions and goals, said program manag­
er John Mankins. "We'll address the 
critical technology issues and assess 
the costs involved before any final dec i-

sions are made regarding mission de­
signs," he explained. "That will save a 
lot of time and money in the long run." 

Pathfinder complements the ongo­
ing Civil Space Technology Initiative 
(CSTI), which focuses on technologies 
needed for operations in low Earth or­
bit. Through pathfinder, NASA's Office 
of Aeronautics and Space Technology 
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will develop capabilities in the areas 
of surface exploration, space transfer 
systems, in-space operations, and hu­
man factors. 

Surface Exploration 
One objective of the Surface Explora­

tion Program is to develop a robotic 
roving vehicle that would explore the 
Martian terrain as a precursor to mann­
ed missions. Rovers could support con­
struction of a moon base as well. 

Under a contract with NASA's Jet 
Propulsion Laboratory, Martin Marietta 
is studying designs for both wheeled 
and walking rovers. One promising con­
cept is the "walking beam," a collapsi­
ble T-beam structure designed for easy 
storage on a lander spacecraft. As en­
visioned, the vehicle will travel at about 
300 feet per hour, its telescoping legs 
able to step up five feet to avoid 
obstacles. Onboard computers will 
detect boulders, craters, and other 
hazards and send the rover instructions 
to avoid them. Along the way, the rover 
will use its scientific instruments and 
robotic arms to test soil and rock 
samples, the most interesting to be 
returned to Earth via small rockets. 

The vehicle's route will be preplann­
ed using information captured by the 
Mars Observer spacecraft. Slated for 
launch in 1992, the craft will orbit Mars, 
mapping the planet in detail and gather-
ing data on its atmosphere, magnetic 
field , and soil composition. 

The Mars Rover/Sample Retum study 
will guide development of such key 
technologies as surface mobility, on­
board autonomy, and power generation. 
Pathfinder will integrate the auton­
omous rover research performed by 
Carnegie Mellon University's Robotics 
Institute, and will build upon the 
Department of Energy's modular radio­
isotope thermoelectric generator 
(RTGs) program. Modular RTGs are 
viewed as the most likely power source 
for robotic rovers- if more efficient 
thermoelectric conversion materials 
can be produced. 

In concert with the rover project, 
NASA will develop methods for acquir­
ing, analyzing, and preserving surface 
samples. This will require imaging and 
ranging devices to pinpoint sample 
location; semi-autonomous machines 
to pick up and/or drill samples; on board 
instruments to analyze the sample's 
chemical and physical properties in 
order to determine it's scientific worth; 
and storage systems resistant to ex­
treme temperatures, radiation, and 
vibration for the long journey back to 
Earth. 

Space Transfer 
Pathfinder's Transfer Vehicle Pro­

gram will provide the means for 
transporting robots and humans to and 
from planets, and for transfer between 
different Earth orbits. One of NASA's 
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main goals is to minimize the pro­
pellant mass needed to reach orbit, 
land on a planet, and return to Earth, 
which will reduce launch costs while 
providing more space for scientific 
payloads. NASA hopes to accomplish 
this by developing highly efficient 
chemical and electric propulsion 
systems, and by employing the fuel­
saving technique of aerobraking, in 
which the atmospheres of Earth or 
other solar system bodies are used to 
slow a spacecraft in order to achieve 
the necessary velocity for orbiting the 
body. 

NASA's Lewis Research Center will 
lead the propulsion work. One objective 
is to build liquid oxygen/hydrogen 
engines that are fault-tolerant and ser­
viceable in space. Research will focus 
on high-heat combustors, high-pressure 
turbomachinery, and integrated diag­
nostic sensors and controls. 

For electric propulsion systems, 
Lewis will develop advanced magneto- · 
plasmadynamic (MPD) and ion 
thrusters. NASA wants to apply electric 
propulsion to cargo vehicles supporting 
a manned Mars mission. Studies have 
shown that high-performance electric 
propulsion with a specific impulse over 
4000 sec at multi-megawatt power 
levels could significantly reduce the 
amount of onboard propellant a cargo 
vehicle would need while still providing 
acceptable transit time performance. 
Key technical issues to be resolved in­
clude MPD cathode longevity, the abili­
ty to create self-induced magnetic 
fields at megawatt levels, and the 
availability of high-fidelity ground test 
facil ities. 
In-Space Operations 

Both piloted and robotic missions to 
Mars would use small craft to shuttle 
to and from the planet's surface. Be­
cause round-trip-light time delays in 
deep space communications will 
preclude real-time Earth-based control 
of these vehicles, NASA must develop 
automated rendezvous and docking 
techniques. This will require advanced 
sensors for long- and short- range track­
ing and relative navigation from several 
hundred kilometers down to the con-

missions. Under the Langley Center's 
direction, robot end effectors and 
holding fixtures will be created for 
precis ion welding , bonding , and 
mechanical joining of parts in space. 
NASA additionally will develop trans­
porters, space cranes, and other 
methods for telerobotically manipulat­
ing and positioning the parts to be join­
ed, and will also evaluate methodolo­
gies for in-space construction of 
generic spacecraft parts, such as 
aerobrakes and pressurized modules. 
that can be applied to many different 
missions. 

Assembling and constructing struc­
tures in space will limit dependence on 
Earth-to-orbit launch vehicles, as will 
the development of surface pilot plants 
to process extraterrestrial resources. 
Such facilities would dramatically re­
duce the amount of material launch 
vehicles would need to cart into space. 
For example, lunar rocks and soil con­
tain an abundance of oxygen, metals, 
and glasses that could be processed in­
to life support supplies, fuels, construc­
tion materials, and shielding for general 
use in space as well as on the lunar 
surface. This might include resupply of 
orbiting space stations, outfitting solar 
system missions originating from the 
moon, and supporting a lunar settle­
ment. In coming years, NASA will 
demonstrate telerobotic methods for 
collecting, handling, and sorting lunar 
materials, and will validate various 
material processing technologies, in­
cluding a process for creating fiber­
glass and bricks from lunar soil through 
heating and compaction. 

Humans In Space 
Pathfinder's Humans In Space thrust 

will provide the engineering systems to 
enable effective performance and good 
health during long-duration missions. 
One element is directed towards 
technologies that will permit humans 
to operate for extended periods outside 
the protection of their pressurized 
habitats. It focuses on developing 
lightweight yet rugged extravehicular 
activity (EVA) suits with portable life 
support systems. NASA is currently 

tact point of docking. A prototype laser The " walking beam" would move nimbly 
docking sensor being built for a 1991 over Martian terrain, collecting soli and 
flight experiment shows promise for rock samples for eventual analysis on 
ranges from zero to more than five Earth. 
kilometers. Space Agency researchers ci. 

will work to improve the range of laser- (5 

based sensors while reducing power, 0 
~ weight, and volume requirements, and ]i 

will explore other candidate sensors, ro 
including millimeter-wave radar and ~ 
robotic video image recognition ~ 
systems. ::::; 

Advanced sensors also will be need- i;;' 
ed for in-space robotic assembly and ~ 
construction of fuel depots, repair 6 

u 
"garages," and other orbiting structures c:: 

that will support future solar system ~ 
Ui 
~ 



Three Things 
You Shouldnlt 
Have To Share At 
The Office 

I n the workplace you would never 
think of sharing your mug or chair. So 
why are you running down the hall to 
find out if there is a terminal available 
for your mainframe graphics applica­
tions? With TGRAF software and your 
desktop computer there's no reason 
to ever share a terminal; you can now 
have a powerful graphics terminal on 
your desk, inexpensively. 

TGRAF accurately d uplicates a 
Tektronix graphics terminal without 
sacrificing terminal functionality. 
Now mainframe graphics power is 
available for your PC, PS/2, Macin­
tosh II, or worksta tion in RS-232 or 
networked computer environments, 
for only a fraction of what a terminal 
would cost. 

TGRAF's comprehensive Tektronix 
terminal emulation and Grafpoint' s 
superior customer support, puts the 
terminal sharing blues behind you 
forever. Call Grafpoint for the name 
of your local distributor and order a 
no-risk 3D-day evaluation copy. 

Currerrt TGRAF IIsers rail II for 
illfon/lation on holL' 10 upgrade to ollr 
latest prodllct - TGRAF-4200 

• GRAFPOlnT 
1485 Saratoga Avenue 
San Jose, CA 95129 
1-800-426-2230 
In California 408-446-1919 

Grafpotnt and TGRM are trademarks of Grafpo<nt. 
PC and PS/2 are trademarks of Intemalional Business Ma­
ctunes Corporation Tektrornx is a trademark of TektronIX. 
Inc. Macu1tosh IS a trademark of Apple Computer. Inc. 
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evaluating two prototype EVA suits 
developed by the Ames Research 
Center and Johnson Space Center. 
Ames' version is made of aluminum 
and stainless steel with no soft parts 
that could be damaged by atomic ox­
ygen or by rocket propellants spilled in­
to space, while the Johnson Center suit 
features both hard and soft elements 
and stresses wearer comfort. Both 
models eliminate the existing require­
ment that astronauts pre breathe pure 
oxygen to dispel nitrogen from body 
tissues before beginning EVA, and 
therefore would operate at much higher 
pressures than current Space Shuttle 
EVA suits. A review team will select 
one suit or the other, or possibly a new 
hybrid design that combines elements 
of both, for futher development in 
Pathfinder. 

Another part of the Humans In 
Space effort involves developing 
technologies to accomodate human 
physiological requirements and adap­
tive changes during long-term confine­
ment, exposure to unnatural gravity and 
dangerous ionizing radiation, and unac­
customed risk and stress. Research in­
to human capabilities and limitations 
for physical and cognitive work will be 
conducted; in addition, vital technol­
ogies such as artificial gravity systems 
and radiation shields will be explored. 

A third aspect of the program deals 
with techniques for air revitilization, 
water reclamation, and waste treat­
ment. These will be integrated in a 
physical-chemical closed-loop life sup­
port system that will substantially 
reduce tHe mass of consumables and, 

High-energy aero braking would reduce 
fuel consumption and allow for larger 
payloads on future solar system explora­
tion missions_ 

hence, resupply costs for long-duration 
missions. A concurrent effort will con­
struct a bioregenerative life support 
system which will produce food, 
potable water, and a breathable at­
mosphere from metabolic and other 
wastes. Photosynthesis will be used to 
generate food, with resultant produc­
tion of oxygen and water and removal 
of carbon dioxide. 

Spinoff Benefits 
Pathfinder technologies will find 

broad use outside of NASA, both on 
Earth and in space. Planetary rover 
technologies such as autonomy and 
mobility may be applied to toxic waste 
disposal and fi ref ighting, for example, 
while in-space assembly and construc­
tion methods will be of great benefit 
for future commercial communicat ions 
satellites. 

Moreover, space transfer technolo­
gies such as advanced chemical pro­
pulsion and aerobraking, although 
specialized for space applications, will 
provide further engineering expertise in 
materials and structures, as well as in 
design of high-speed aircraft. And 
Humans-In-Space studies ' of phys­
ical-chemical and bioregenerative life 
support systems will provide insight on 
how ecological systems work, and 
perhaps why they fail. 

Across a wide spectrum of 
disciplines, Pathfinder will " push 
American technology forward ," said 
Mankins, " just as the Apollo program 
did in the 1960s." 0 
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DATATAPE's New Generation of Digital Cassette Tape Recorders 
meets the ANSI-ID-l, MIL-STD-2179 and IRIG l06-XX 

Recording Formats 

DCTR-A120 (Airborne) 
Selected by Control Data Corporation for the 
United States Air Force ATARS (Advanced 
Tactical Air Reconnaissance System), to record 
tactical IR and EO Sensor Imagery. 

Data Rate Range Record .............. 10-120 Mbitl s 
Variable with External Clock 

Data Rate Range Reproduce ............ Any 4 Rates 
10-120 Mbitls 

Read-After-Write ............................. Yes 
B it Error Rate ............................. 1 X 10-10 

Record Time at AT ARS Rate 
Medium Cassette D-1M ......... 74 Min at 80 Mbit/s 
Power ................... 28 VDC per MIL-STD-704 
Airborne Environment ................. MIL-E-S400 

The DCTR is ideally suited for use in military 
reconnaissance, anti-submarine warfare, elec­
tronic intelligence gathering and communi­
cations data acquisition. The recorder may also 
be used with electro-optic and FUR sensors, 
synthetic aperture and conventional radar 
image data, EUNT, sonar passive arrays, and 
other data sources. 

1\1JL 5TD-2179 Format 

O· Azimuth Recording ± 15 0 Azimuth Recording 

DATATAPE DCTR.l DIG~AltASSEm 
TApt RICORDEiI 

- 111111111111111111111111111111111111111111 r::r 

DCTR-LP Series 
Format. ............ D-1 Cassette- ANSI X3B6 ID-1, 

IRIG 106-XX, or MIL-STD-2179 
Data Rate Record/Reproduce 

• DCTR-LP200 ..................... 25-200 Mbitls 
• DCTR-LP300 ................... 37.5-300 Mbit /s 
• DCTR-LP400 ..................... 50-400 Mbitls 

Read-After-Write ............................. Yes 
Bit Error Rate ............................. 1 X 10-10 

Cassette Compatibility .......... D-1S, D-1M, D-1L 
Size ............................... 14 inches high 

• TAPE 
• Coercivity: 850 De 
• Enhanced iron oxide 

• CASSEITE STORAGE 

D-1S 
D-1M 
D-1L 

16 JJ-m TAPE 

1.lx IOU bits 
3.4x 1011 bits 
7.6x 1011 bits 

19-inch rack mount 

13 JJ-m TAPE 

1.5 X 1011 bits 
4.5 x 1011 bits 

Ix 1012 bits 

• MASS STORAGE SYSTEMS 
Robotics-controlled automatic cassette handlers 
can adapt the DCTR-L series to mass storage sys­
tems to build library archives with 10]5 to 1016 bit 
data storage capacity. 

• DATA RATES TO 1600 Mbit/s 
Data rates of 1600 Mbitls can be achieved by 
clustering and synchronizing four DCTR-L400's 
in a single 19-inch rack. 

360 Sierra Madre Villa, Pasadena, CA 91109-7014 
(818) 796-9381, Fax (818) 351-5329 

For information on our International Offices please call 
(818) 796-9381 Ext. 2593 

Kodak leading technology: the DATATAPE advantage. 
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ElectroniC Components and Circuits 
Hardware Techniques, and 
Processes 
20 Multichannel, Active Low­

Pass Filters 
22 Efficient Cavity-Dumped, 

Frequency-Doubled Nd:YAG 
Laser 

24 Synchronous Half-Wave 
Rectifier 

24 Fleld-Sequentlal Color 
Converter 

28 Hotspot Endurance of Solar­
Cell Modules 

30 Twisted Pair of Insulated 
Wires Senses Moisture 

Multichannel , Active Low-Pass Filters 
~J Multichannel integrated circuits are cascaded to obtain matched characteristics. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
The gain and phase characteristics of 

the channels of a multichannel, multistage, 
active, low-pass filter can be matched by 
making the filter of cascaded multichannel 
integrated·circuit operational amplifiers. 
This concept takes advantage of inherent 

equality of electrical characteristics of 
nominally·identical circuit elements made 
on the same integrated-circuit chip. More­
over, the characteristics of the channels 
vary identically with changes in tempera­
ture. 

The concept was motivated by the de­
sign requirements of a radar·target simula­
tor for use at frequencies from 200 Hz to 
450 kHz to process Doppler modulation. 
The gain and phase characteristics of the 
two channels in the simulator had to be as 

en 
:; 
a. 
c: 

Dual·Operational -Amplifier 
Integrated-Circuit Chips 

Frequency 

-1 7.1dB at 1 MHz 

- 34.9dB at 2 MHz 

Channel A 

ChannelS 

en 
:; 
a. 
:; 
o 

This Cascade of Dual.()perational·Amplifier Integrated Circuits constitutes a dual-channel active low-pass filter having a 410-kHz 3<lB-cut­
off frequency and a 3O-dB/octave rolloff. The gain and phase of channel A match those of channel B_ Although the operational amplifiers in 
this filter are adjusted for unit gain, a larger gain would produce a similarly flat response in the passband. 
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ANORAD 
THE POSITIONING SPECIALISTS 

High Accuracy Positioning Systems 
Custom Engineered 

From Standard Components 

At Anorad, we specialize in understanding your positioning 
requirements, and translating those needs into custom 
engineered solutions using our standard, pre-engineered 
products. Leading manufacturers rely on Anorad for 
cost-effective positioning solutions for some of their most 
demanding applications. 

Standard, high preciSion linear and rotary positioning tables 
form the foundation of our building block approach to system 
design. Our ANORIDE ™ tables employ an extremely reliable 
crossed roller design while ANOGLIDE™ tables incorporate 
precision air bearings for friction-free motion. The ANORAIL ™ 
series is utilized for very high speed, long travel applications 
and features ANOLINE TM linear DC servo motors. 

ANORAD CORPORATION 

What's more, all of our positioning tables are easily 
configured into mUlti-axis, custom engineered positioning 
systems. 

Control can be provided by Anorad's ANOMATICTM CNC 
controller, an Intelligent Axis Interface to a host computer, or 
a controller specially designed for the application. Depending 
upon the application, sensors, vision systems and work 
performing devices can be incorporated to provide turnkey 
systems. 

Call an Anorad Application Engineer today to discuss your 
individual requirement. We will consult,layout, propose, firm 
bid and deliver a positioning system custom engineered to 
your specific applications. 

110 Oser Avenue. Hauppauge, New York 11788 (516) 231-1995 TWX: 510-227-9894 
For Information Circle 508. 

To have an application engineer call, Circle 509. 



closely matched as possible; otherwise, 
gain and phase errors would degrade the 
rejection of sidebands. 

Each stage in each channel of the active 
filter consists of an operational amplifier 
set for unit gain. The operational amplifier 
provides a flat response in the passband 
and a smooth transition from passband to 
stopband. Five two-channel operational 
amplifiers are cascaded to produce the re­
quired cutoff frequency and 30<lBloctave 
rolloff rate for each channel (see figure). 

If such a filter were made of discrete 
.components, it would be extremely bulky 

because of the sizes of components re­
quired for operation at the low frequencies 
in the passband. Moreover, it would be diffi­
cult and expensive to match every part 
with the corresponding part in the other 
channel. 

If additional matched channels are need­
ed, chips containing more than two opera­
tional amplifiers apiece (e.g ., commercial 
quad operational amplifiers) could be used. 
The concept Is applicable to a variety of 
equipment requiring matched gain and 
phase in multiple channels - radar, test 
instruments, communication circuits, and 

equipment for electronic countermeas­
ures. 

This work was done by James J. Lev of 
Galtech for NASA's Jet PropulSion lab­
oratory. For further information, Circle 142 
on the TSP Request Card. 

This invention is owned by NASA. and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent 
Counsel, NASA Resident Office.JPL [see 
page 14). Refer to NPO-17200. 

Efficient Cavlty·Dumped, Frequency·Doubled Nd:YAG Laser 
Undoubled light is returned to the primary cavity. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A new design Is expected to Increase 

the efficiency of a cavlty<lumped, frequen­
cy<loubled Nd:YAG laser. The frequency­
doubling crystal Is placed outside the pri­
mary resonator cavity to reduce the loss 
that it would cause If placed there, and the 
light In the external frequency<loubllng 
cavity at the fundamental laser frequency 
(the "undoubled" light) Is returned to the 
primary resonator cavity to contribute ad­
dltionallaser gain. 

The primary resonator cavity Is bounded 
by mirrors 1 and 2 and contains an electro­
optical modulator, an Nd:YAG laser rod, 
and a polarizing beam splitter (see figure). 
Mirrors 1. and 3 define the secondary res-
onator cavity, part of which coincides with 
part of the primary resonator cavity and the 
rest of which contains the external fre-
quency<loubllng crystal. 

/4s In normal cavity dumping, energy at 
the fundamental laser frequency (wave-
length of 1.064,.rn) Is stored In the photon 
field of the primary resonator; pulses of 
light are extracted from the primary reso-
nator by application of switching voltage 
pulses to the electro-optlcal modulator. The 
polarizing beam splitter polarizes horizon­
tally the Initial beam of light on the optical 
path of the primary resonator. 

The application of the transverse switch­
Ing electric field to the electro-optlcal mod­
ulator Introduces a quarter-wave retarda­
tion to the beam. A double pass through 
the modulator causes a half-wave phase 
shift and concomitantly rotates the p0-
larization to vertical. The vertically polar­
Ized light Is reflected by the beam splitter 
out of the primary resonator and through 
the frequency«>ubllng crystal, which ro­
tates the polarization of the doubled por­
tion of the light by 90 o. 

Mirror 3 reflects the doubled and un­
doubled light back toward the beam split­
ter, which Is dichroic and allows the 
doubled light to pass th ~ough. Because the 
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In the Cavity-Dumped, Frequency·Doubled Nd:YAG La.", the frequency Is doubled outside 
the primary laser resonator, and the portion of fundamental·frequency light not used by the 
doubler Is returned to the primary laser cavity to Increase the efficiency. 

undoubled reflected light Is still vertically 
polarized, It Is reflected by the beam splitter 
back Into the primary resonator. /4s long as 
the electric field remains on In the electro­
optical modulator, this returned light is ro­
tated back to horizontal polarization and re­
turned to the Initial beam. ,Awllcatlons of 
this laser are foreseen In data communica­
tions, laser ranging, studies of the at­
mosphere, remote sensing, and laboratory 
studies. 

This work was done by D. L. Robinson 
and D. L. Sipes of Caltech for NASA's Jet 
Propulsion Laboratory. For further Infor­
mation, Circle 790n the TSP Request Card. 

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

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

Refer to NPO-17286, volume and number 
of this NASA Tech Briefs Issue, and the 
page number. 
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S 0 1/ 0 S TA T E REI A Y 
Now a cheap off-the-shelf 

SSR that puts you in control. It lets 
you control the cost 

and the system's function in 
military applications. 

Here's what you get. 

• Short Circuit Protection 

• Status Indication 

• Current Overload Protection 

• Optical Isolation 

• TIL & CMOS Compatible Control 

• Built to meet the requirements 
ofMIL-R-28750. 

• Cost Effective AcruALSIZE 
CERAMIC PACKAGE 

PARr # CD21 CDW 

Review the electrical characteristics and call us for immediate application assistance.* 
ELECTRICAL CHARACTERISTICS 

(-55"C to + 105"C unless otherwise noted) 
Min Max Units 

BiasVoltage (VeIAs) 3,S 6,0 Voc See Note 1 

Bias Current (leIAs) 15,0 mA VelAs - 5Voc 
Control Voltage (VIN ) 0 1S,0 Voc 
Control Current (lIN) 250 ILA VIN - 5Voc 
Turn-Off Voltage VIN (OFF) 3,2 Voc 
Turn-On Voltage VIN (ON) 0,3 Voc 
Continuous Load Current 1.2 A -.55"C to + 25' C 

ILOAO @ 60VDC 0,7 A + S5"C 
Output Trip Current (lTAI.) 2,4 (Typ,) A + 25"C. lOOms 

On-Resistance (RON) 0,65 Ohms 
Turn-On Time (TON) 1.5 ms 

Turn-DffTime (ToFF) 0,25 ms 

Status Voltage (VSTATUS) 1 1S Voc 

Status Current (lSTATUS) 2 mA VSAT " 0,3Voc 
See Note 2 

Notes: 1. Senes resistor 's reqUired for bias voltages above 6Voc, RS ~ (VeIAs-6Voc)115 mA 
2, A pull up resistor is required for the status output, RSTATus = (VSTATUS - 0,3)llsTATus 
3, Output will drive loads connected to either terminal (sink or source), 
4, Status circuit is a built-in test feature checking the input circuitry of the relay. Status output is low (on) 

when the input Is on, 

VSTATUS RSTATUS 

All power FET relays may drive 
loads connected to either 
positive or negative referenced 
power supply lines (source or 
sink modes), 

VV----1~----<O STATUS OUTPUT 

3,8-6VDC r---, + V 

VBIAS r] _! ___ rr'- ~~AE .,/1---0. 
I b~ 

RELAY CASE -: --I' , I 
L _____ .J 

2 8 5 
_ 'L:OA01-o 

CONTROL .,. '- - - -.,/ RETURN 

TELEDYNE SOLID STATE 
A Division of Teledyne Relays 

*For immediate application assistance call 1-800-284-7007 . 

Teledyne Solid State, 12525 Daphne Avenue, Hawthorne, California 90250. 
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Synchronous Half-Wave Rectifier 
An active circuit acts like a highly efficient diode. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A synchronous rectifying circuit be· 

haves like a diode that has an unusually 
low voltage drop during forward-voltage 
(conducting) half cycles. The circuit would 
be particularly useful in power supplies 
with potentials of 5 Vdc or less, where the 
normal forward-voltage drops in ordinary 
diodes can be unacceptably large. The cir­
cuit could be fabricated as a monolithic as­
sembly or as a hybrid. 

The circuit (see figure) includes main­
current-controlling field-effect transistor 
Q2' which is controlled in part by current­
sensing comparator IC,. The combination 
of capacitor C" resistor R" Zener diode 
O2, and transistor Q, constitutes a conven­
tional voltage-regulating power supply for 
IC,. C, is charged through diode 0, during 
the reverse (nonconducting) half cycle and 
discharges through the regulator so that 
the regulator supplies a nearly constant 
voltage, Vcc' to IC, throughout the cycle. 

During the reverse half cycle, the com­
bination of positive bias from voltage divid­
er R2, R3 and the more negative input to the 
positive terminal through Rs forces the out-

vcc----~--~~~ 

RS 

Forward Current 
I, 

put of the comparator low. Because the 
output of the comparator is fed to the gate 
of Q2, Q2 remains turned off. 

The Synchronous Half-Wave Rectifier Includes active circuits to attain a low forward voltage 
drop and, consequently, high rectification efficiency. 

At the beginning of the forward half cy­
cle, 12 begins to flow in diode 03 (a parasitiC 
integral body diode in Q~, in parallel with 
current 13 through resistors Rs and R7 and 
diode 0 4, The resulting voltage drop 
across Rs is sensed by IC,. When the total 
forward current I, reaches a threshold 
value, the comparator toggles on (output 
high), aided by regenerative feedback 
through R4. This turns Q20n hard, bypass­
ing parasitic diode 03 because Q2 has a 
smaller resistance when conducting. Q2 
then conducts the main load current dur-

ing the remainder of the half cycle. 
As the voltage drops to a low value ta­

ward the end of the forward half cycle, I, 
falls below the threshold and IC, turns off, 
again aided by regenerative feedback 
through R4. This turns off Q2' Both turnon 
and turnoff thresholds can be set at de­
sired values by the appropriate choices of 
resistors R2 through R7. 

Tests of a "breadboard" version of the 
circuit made of discrete components indi­
cated that very high rectification efficiency 

Field-Sequential Color Converter 
~~ Size, weight, and power consumption are reduced . 

Lyndon B. Johnson Space Center, Houston, Texas 
An electronic conversion circuit ena­

bles the display of signals from a field-se­
quential color-television camera on a color 
video camera. Designed for Incorporation 
Into a color-television monitor on the Space 
Shuttle, the circuit weighs less, takes up 
less space, and consumes less power than 
the previOUS conversion equipment, which 
had to remain on the ground. The circuit 
(see figure), which Incorporates state{)f­
the-art memory devices, could also be used 
In terrestrial stationary or portable closed-
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circuit television systems. 
The field-sequential technique of encod­

ing color video signals reduces the size, 
weight, and power consumption of a video 
camera by requiring only one image sen­
sor instead of the usual three. A wheel in 
front of the camera lens holds a red, a 
green, and a blue filter and turns in syn­
chronism with the video-field rate to Image 
the red, green, and blue components onto 
the image sensor during successive video 
fields. Each of the fields In the resulting 

is attainable. If fabricated as a monolithic 
assembly, the circuit should be at least as 
efficient as the "breadboard" version. 

This work was done by Wally E. Rippel of 
Caltech for NASA's Jet Propulsion lab­
oratory. For further information, Circle 15 
on the TSP Request Card. 

Inquiries concerning rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel, NASA Resi­
dent Office.JPL [see page 14]. Refer to 
NPO-17220. 

video signal contains the corresponding 
single color component. For display on a 
color video monitor, this signal must be 
converted to a standard color video signal 
that contains all three colors simultaneous­
ly. 

The first stage of the converter performs 
the balanced-ta-unbalanced conversion, 
amplification, and buffering of the input 
video signal. One of the U3 dual voltage 
comparators provides the composite syn­
chronization signal, on which two phase­
locked loops (PLL's) are locked. One PLL 
locks a 14.318-MHz oscillator to the hori­
zontal-line rate and Is used to provide the 
majority of the timing of the circuit. The 
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The best vacuum valve 
is the right vacuum valve. 

For extreme ultra high vacuum, coarse 
vacuum, or something in between .. . 

For millions of cycles, or only a few .. . 

For ea sy to handle gases, or the very 
worst... 

Where there is plenty of room, or 
mounting restrictions ... 

Where cost is secondary, or a critical 
concern ... 

VAT, the world's leading manufacturer 
of vacuum valves, offers the widest 
choice available. 

Call today for our new catalog, and 
choose the right valve for your appli­
cation. 

VAT, Incorporated, 
600 West Cummings Park 
Woburn, MA 01801 
Tel. (617) 935-1446 

(800) 828 -5625 
Fax (617) 935 - 3940 

VAT AG, CH-9469 Haag,Schweiz 
Tel. (085) 70161 
Twx. 855162 
Fox (085) 748 30 

The new catalog IIVacuum Valves 9011 
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FROM COPPER TO FIBER, 
COVERTHEFREQUENCYRANGE 

FROM 700 MHz TO 8 GHz ••• 



AND BEYOND. 

PATTERNGENa~~I\PG~ 
SYSTEM EVAWAnON AND 
ANALYSIS HAS NEVER BEEN 
EASIER OR MORE COMPLETE. 
Anritsu has a complete range of pattern 
generators and receivers that cover 1 MHz 
to 8 GHz and beyond, manual or full 
GPIB control. 

Virtually any type of pattern can 
be generated including pseudorandom, 
variable mark ratios and programmable 
patterns up to 16 kps. Pattern and clock 

user conIlrOIIelct lil:8ddiition. 
be set on all the units to 
interfaces. 

Anritsu helps you every step of the 
way whatever your test requirement. 
From high speed digital les to high speed 
optical devices .. .from electrical to optical 
transmission systems. 

So take the first step and contact Anritsu 
today at 1-800-255-7234 or in NJ 
201-337-1111 . Anritsu America, Inc. 
15 Thornton Rd ., Oakland, NJ 07436, 
Fax 201-337-1033. 

IInritsu 
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second PLL provides the pixel clock, which 
has an oscillator selected to give approxi­
mately 512 sampling pixels along each ac­
tive video line. This signal provides analog­
to<iigital (AID) and digital-to-analog (D/A) 
conversion sampling and line-address­
counter clocking. 

Most of the signals required for subse­
quent timing and logic control are provid­
ed by a video-synchronization generator 
locked to the incoming video signal by the 
14.318-MHz PLL An associated logic cir­
cuit maintains the even/odd field status 
and vertical-Interval status. A 9-blt hori­
zontal-line-pixel counter is built into the left 
programmable-array logic (PAL) circuit, 
which provides the lower bits of static ran­
dom-access-memory (SRAM) addresses. 
The right PAL circuit contains an 8-bit 

Balanced 
Video 
Input 

Digital 
Field· 

counter that counts the video-line number. 
The left PAL uses the pixel<:ounter data 

to derive the position In the line of a green­
field-synchronization signal. This signal is 
encoded on line 18 of every third video field 
and Indicates the start of a field of green­
color Information. This command is stripped 
off the video data by the second voltage 
comparator In U 3' The left PAL provides the 
IIne-18 location, which is logically com­
bined with green-field synchronization data 
and position to provide a color-field-reset 
signal. This signal is used as a field-counter 
reset, Indicating the start of a green field of 
data. The signals for the green, red, and 
blue field lines are then processed Into 
signals that control the SRAM's. 

Each of the six SRAM's serves as a 
video-field buffer. Six video fields are re-

PAL Circuit. 
Address Bus for 

Bit. 9 Through 1e 

quired to align the three color components 
with their even and odd video fields. Three 
circuits act as "prebuffers" by separating 
the three color components of the output 
of the AID converter. New data from the 
current Incoming field are written Into 
either the even- or the odd-field memory. 
Data for the other two color components 
are read from the respective even- or odd­
field memory. The three color components 
of digital data are sent to the D/A converter, 
which produces an RS-170 standard out­
put for display by a redlgreenlblue color 
monitor. 

This work was done by Victor J. Studer 
of Johnson Space Center. For further in­
formation, Circle 88 on the TSP Request 
card. 
MSG-21346 

Pixel Clock 

Unbalanced Sequential r-T-.....Jro.L------~:.......----~:.......II_--J~ .. -~~_ 
Video ,.-----, ~~: G,." I Green E_ Field : Gr_ Odd Field Green Data 
Input L..---+t , I 

Reference 
Voltage 3 

- -,----------- --,- - --------1-----11'\ 
Red, Red E .. n Field I Red Odd Field Red Data 

, I --,---- --------I-----------I--~, 
, Blue E""n Field I BlueOdrl Field Blue Data 
I I 

Slx·Fleld Video Memory Buffer (SRAM's) 

Blue 

Video output T 

The Fleld-8equentlal Color Converter processes field-sequential color video signals Into standard video signals that can be used by a color 
video monitor. 

Hotspot Endurance of Solar-Cell Modules 
A procedure for evaluating modules for use with concentrators is now available. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A procedure for testing modules of pho-

tovoltalc cells to be used with solar con­
centrators determines their ability to en­
dure hotspots. Although procedures for 
testing flat-ptate solar-cell modules have 
been available for some time, the new pro­
cedure is the first for concentrator mod­
ules. 

A hotspot occurs in a photovoltaic cell 
when the current in a module of series­
connected cells that contains the cell in 
question exceeds the short-circuit current 
of that cell. This condition forces the cell 
into reverse bias, Increasing its power dis­
sipation and raising Its temperature. Hot­
spots can be created by cracks or shadow-
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CONCENTRATOR 
MODULE 

Fresnel 
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SOLAR S,MULATOR 

The Solar Simulator illuminates photovoltalc cells through the Fresnel lens of the concen­
trator module. 
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" IT'S 
SLIPPERIER 

THAN ~ 

TEFLON " WHY BUY A NEW CAR 
WHEN YOU DON'T HAVE TO? 

You've seen the price of new cars ... they 
go up every year I Cars get flimsier ... 
prices get higher .. . it never seems to end. 
There are lots of reasons to keep that nice 
car of yours on the road as long as pos­
sible. 

Now it's easy to make your engine run 
better, last longer. Just add TUFOIL to 
the crankcase. You don't have to shake 
the container or add an engine flush. Just 
pour it in and drive ENlcq. 

Your throttle will get silky smooth .. . ac­
celeration win improye. One customer 
said his car ' takes off like a scared rabbitl' 

TUFOIL works wonders for all known en­
gine oils. It's actually slipperier than 
Teflon®. (according to a famous US 
goverment laboratory.) 

You'll get astonishingly fast starts on 
cold mornings with both diesels and gas 
engines. The Canadian government 
tested TUFOIL at it's cold regions lab. 
They showed faster cranking and sig­
nificant fuel savings with TUFOIL 

I keep getting telephone calls from 
owners of very expensive German 
diesels wanting to buy stock in our com­
pany. They SErf their diesels are ac­
celerating like nothing they've ever seen 
before. One said he doesn't have to down 
shift any more on an annoying hill in his 
area. 

Your car can have more power like 
that too. 

What about additives that claim to be 
one time treatments that will last the life of 
an engine? Well, I've been following the 
scientific literature on lubrication for a very 
long time. As far as I know, there isn't a 
shred of scientific evidence for such a 
claim. So don't believe it! 

USE Tufoi/® 
AND YOUR ENGINE 
WILL LAST .. , AND 

LAST ... AND LAST! 

TRY ONE 8 OZ BOTTLE OF TUFOIL 
FOR 30 DAYS OR 1000 MILES 

If you don't notice quieter-smoother 
operation,quicker starting,snappy ac­
celeration.Just send us proof of purchase 
with a note describing the year and make 
of your car.we'li refund your money im­
mediately-

Send for TUFOIL todcq and prove to 
yourself the amazing increase in your 
car's performance. FiU in the coupon 
todcq or call TOLL-FREE any time, 24 
hours a dcq, 

1-800-922-0075. 'Ifr 
(in New Jersey, csIl201-825-8110,) ~ 

St4/; /It, ~ t«d ~ e4IrI 
Engines last longer with TUFOIL.. Our 

1976- 476 T-Bird is now at 190 000 miles 
and purring. ' 

A bunch of customers' cars have now 
passed 250,000 miles. 

Several months ago, a nice man I'd 
never seen before walked into my office, 
big smile on his face, sat down and said, 
Would you believe 340,000 miles on a 
Tutoi! engine?" He went on to rave about 
how well his engine has been running all 
these years. I couldn't get a word in 
edgewise. 

It made me very proud. 
Recently, a truck driver called in with 

over 1,000,000 miles on a diesel using 
TUFOIL - Wow! 

A customer from Vermont added 10% 
TUFOIL to his sticky mechanical trans­
mission, called in and said he couldn't 
believe it... 'Shifting is like slicing butter 
now!' , he said. 
5MB owners are writing letters praising 

TUFOIL in their 'NINES' magazine. They 
report spectacular improvements in their 
engines and transmissions! 

Don't forget! TUFOIL is the result of 
over 15 years of research and develop­
ment. The U.S. government has 
ENlarded us 6 patents so far .. ,so have 
Germany, England, France and Canada. 

No other Iybricant even comes close 
One customer put it nicely when he said, 

'You can hear it...you can feel itl ' 

PS-Our loyal customers wrote this ad 
for us. Its full of their comments I 

7~1 

F .~Producis'"~:i;;'T le7n~IOgy~h:ck --- - -
l one with each order of 2 bottles or a quart. Check 2 for each 

gallon order. Values range from $3.98 to $9.95. 
D TUFOIL Gun-Coat - Super rust inhibited, smooth action 

rush my order: 
~ Fluoramics, Inc. NTB-79 

.:J 103 Pleasant Avenue 
Upper Saddle River, N.J. 07458 

I 
D TUFOIL Compu-lube - Low viscosity for computer 

mechanisms 

D ONE 8 oz. bottle ... treat one car for 
$14.25 (plus $3.50 shipping and 
hand li ng). See money back 
guarantee. 

My check or money order lor $ -- IS enclosed. I 
Charge my credit card: 

D TUFOIL Lightning Grease - Easily sheared grease for 

I 
Instruments 

D TUFOIL Lubit -8 - General purpose. household use 
I lubricant 

FREE brochures . . . 
D 30 Questions / Answers about TUFOll 

I D " Fun With Superconductors"-we're leading that field 
I too! 

I See NASA Tech Briel. lor technical details, 
t986, 1987 and 1988. 

I " 1987 Fluoramics, Inc. 
FLUOH ' IS reg 1 M of ICI A.rnf,t~as InC 

I TEflON< IS reg T M of DuPOIW 
TUFOtl IS reg T M 01 FlUOtarruCI 

I ~~ ~:::~ :~~~~ US PalenlNo 3933656 
I O1"er U S Patents ISsued and pend,~ 

'--- --------

D TWO 8 oz. bottles ... treat two cars 
for $25.00 (plus $4.00 shipping 
and handling) SAVE $6.00 

D ONE Quart bottle ... treat 4 cars 
for $34.95 (plus $4.00 shipping 
and handling) 

D ONE GALLON ... treat 16 cars for 
$125.00 (plus $6.00 shipping and 
handlmg.) 

We ship within days! 
'overthe sIOgle bo"le price S ------
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ing of cells in normal service, even in highly 
reliable arrays. It is therefore important to 
ensure that a hotspot does not propagate 
to other cells or present electrical hazards. 

The procedure begins with the selection 
of three cells in a module: one that has the 
highest shunt resistance, one that has 
nearly average shunt resistance, and one 
that has the lowest shunt resistance. Each 
of the three cells is then connected to a 
separate power supply in such a way that 
the heat-transfer characteristics of the 
cells and the hotspot endurance are dis­
rupted as little as possible. 

The next step is to select the hotspot test 
level; that is, the level of heating that will 
stress the module as severely as it would 
be stressed by a hotspot during use. The 
principal test parameters include the re-

verse voltage, the ambient temperature, 
and, for cells that have reverse-breakdown 
voltages higher than the maximum avail­
able reverse voltages (those with generally 
high shunt resistances), the overall irra­
diance. Cells with breakdown voltages less 
than the available reverse voltages (those 
with generally low shunt resistances) tend 
to develop hotspots when shaded. 

AA infrared lamp heats the heat sink of 
the module to simulate the ambient tem­
perature. Power is applied to the test cells. 
A solar simulator (see figure) illuminates 
the appropriate cells, and the cells to be 
shadowed are tested in ordinary laboratory 
light. A timer turns the power supplies, the 
infrared lamp, and the solar simulator on 
and off. The "on" time is 1 h; the "off" time 
is long enough to allow the cell to cool to 

within 10°C of the ambient air tempera­
ture. The timer repeats the cycle until 
100 h of "on" time have been accumu­
lated. 

The module and test cells are inspected 
visually at 24-h intervals during the test and 
again when the test is completed. The in­
spector looks for evidence of degradation, 
including cracking, delamination, outgas­
sing or blistering of encapsulants, and 
melted solder. After the test, the electrical 
characteristics of the module are meas­
ured for comparison with the pretest char­
acteristics. 

This work was done by C. C. Gonzalez, 
R. S. Sugimura, and R. G. Ross, Jr. , of 
Ca/tech for NASA's Jet Propulsion 
Laboratory. For further information, Circle 
157 on the TSP Request Card. NPO-17305 

Twisted Pair of Insulated Wires Senses Moisture 
~ Sensitivity to low levels of moisture is increased. 

NASA 's Jet Propulsion Laboratory, Pasadena, California 
The sensitivity of an electronic moisture 

sensor to low levels of moisture is in­
creased by a new electrode configuration. 
Instead of attempting to bond porous, flexi­
ble electrodes to metal films, the designers 
of the new sensor use plated solid wires as 
electrodes. The wires are encapsulated in 

tubes of a polysulfonated polymer and 
twisted together in a tight spiral (see figure). 

The moisture-sensing circuit was de­
scribed in "Low-Cost Humidity Sensor" 
(NPO-16544), NASA Tech Briefs, Volume 
9, NO. 4 (Winter 1985), page 55. The new 
twisted pair of wires takes the place of a 
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Twisted·Wire Electrodes are sheathed with 
a polymer dielectric. The bare wire tips are 
for monitoring purposes. 

flat-plate capacitor in that circuit. The ca· 
pacitance varies with the humidity, thereby 
varying the frequency of the OSCillator, 
which is read as an indication of the humid· 
ity. 

The twisted-pair configuration allows for 
the thermal expansion and contraction of 
the polymer while maintaining a nearly 
constant area of contact between the poly· 
mer and the wires. The bare electrode 
wires are allowed to protrude at the ends of 
the twisted pair. These bare extensions 
enable the monitoring of the transducer 
and serve as convenient points for the in· 
troduction of forced signals to test the 
transducer . 

This work was done by Eric G. Laue and 
James B. Stephens of Caltech for NASA's 
Jet PropulSion Laboratory. For further in­
formation, Circle 137 on the TSP Request 
Card. 

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

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

Refer to N PO·17111, volume and number of 
this NASA Tech Briefs issue, and the page 
number. 
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Get the picture? Get the message? 
You get both with Raytheon's latest generation 
TDU-850 Thermal Recorder. The TDU produces 
continuous tone, high quality images in up to 256 
shades of grey. Or - it doubles as an ASCII printer 
(using Raytheon's new IEEE 488 interface) and 
turns out crisp, letter quality alphanumerics. 

The TDU makes high resolution hard copy 
recordings at high speeds on paper, plastics and 
transparencies. Optional interfaces accommodate 
video, IEEE 488 and other formats. P rints to 812 
inch width. (Lnquire about l2-inch version.) 

Design modifications are available to meet 
individual application requirements. Typical uses 
include: aerial surveillance, equipment testing, 
hydrographic surveys, security systems, R&D 
programs and meteorological reporting. Today's 
most versatile thermal recorder, still for under 
$5000. 

Make hard copy easy. Call or write M arketing 
Manager, Recorder Products, Raytheon Company, 
Submarine Signa] Division, 1847 West Main Road, 
Portsmouth, RI 02871-1087. Phone: (401) 847-8000. 

Left. High altitude surveillance. 
Right. Alphanumeric data presented in a random format. 
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~J Real·time display of data on performance supports decisions regarding maneuvers . 
~~ , 

Ames Research Center, Moffett Field, California 
The X-29A advanced-technology-de-

monstrator airplane and the associated 
ground control station have been equipped 
with electronic equipment (see Figure 1) 
for the acquisition, transmission, process­
ing, and display (all in real time) of data 
relating to the performance in flight. The 
data-processing system calculates the in­
flight measured drag polar, the lift curve, 
and aircraft-specific excess power. From 
these elements, many other measures of 
performance can be computed and ana­
lyzed. 

Traditionally, data on the performances 
of airplanes during test flights have been 
calculated and analyzed after the flights. 
Such postflight analysis often reveals er­
rors and other inadequacies in the data 
that require the repetition of a flight test. By 
enabling real-time evaluation of flight-test 
maneuvering techniques and the quality 
of data, the new data-processing system 
makes it possible to repeat a maneuver im­
mediately, while flight-test conditions are 
still suitable. 

The data-acquisition subsystem (see 
Figure 2) aboard the airplane uses both 
pulse code modulation (PCM) and frequen­
cy modulation (FM) for transmission of sen­
sor data on the operation of the engine, the 
performance of the airplane, and the con­
ditions in the atmosphere. No data are 
recorded on the aircraft. The 10-bit PCM 
system transmits at rates that vary from 25 
to 400 samples per second, depending on 
the desired frequency range to be cov­
ered. The digital data are processed by five 
PCM units, and an interleaver device 
merges the stream of data along with the 
output from the bus of the flight-control 
computer. The data are telemetered as an 
uncalibrated serial PCM stream. 

The constant-bandwidth FM system 
transmits high-response acceleration and 
vibration data. This FM signal is merged 
with the rest of the digital data from the in­
terleaver and telemetered to the ground 
along with the pilot's voice signals. About 
700 measured data parameters are tele­
metered to the ground for recording, anal-
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Figure t Data From Sensors Aboard the Airplane are transmitted to the control station on 
the ground for immediate processing and display. 

ysis in real time, and monitoring in the 
control room. The set of data parameters 
includes measurements for structural 
loads, structural dynamics, flight controls, 
stability and control , aircraft subsystems, 
propulsion and performance, wing deflec­
tions, buffet, and external pressure distri­
butions. 

All essential element of the software 
component of the system is the real-time, 
in-flight net-thrust algorithm, which is based 
on the simplified net-thrust method. The 
only inputs required by this algorithm are 
the free-stream static air pressure, the total 
temperature at the turbine-rotor discharge, 
the calculated true velOCity, and the gas 

pressures measured at three locations in 
the afterburner duct of the engine_ The al­
gorithm computes the gross thrust on the 
basis of a one-dimensional approximation 
of the flow in the afterburner and exhaust 
nozzle. Using additional inputs from the air­
data subsystem, the algorithm also calcu­
lates the ram drag and the net thrust. The 
uncertainty in the real-time coefficient of 
drag has been estimated to be about 3 per­
cent. 

This work was done by R. J. Ray, J. W 
Hicks, and R_ 1_ Alexander of Ames Re· 
search Center. Further information may 
be found in NASA TM-100432[N88-21151], 
"Development of a Real-Time Aeroper-
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formance Analysis Technique for the X- 22161, Telephone No. (703) 487-4650. be addressed to the Patent Counsel, 
29A Advanced T echn%gy Demonstrator." Rush orders may be placed for an extra fee Ames Research Center [see page 14]. 

Copies may be purchased [prepayment by calling (BOO) 33&-4700. Refer to ARC-12212 
required] from the National Technical In- Inquiries concerning rights for the 
formation Service, Springfield, Virginia commercial use of this invention should 

Adjusting Surfaces of Large Antenna Reflectors 
~~ A new approach is more effective than the traditional rms-surface-distortion approach_ 

Langley Research Center, Hampton, Virginia 
In the design and operation of large an­

tenna reflectors for use in outer space, a 
principal issue is the precise control of the 
shape of the reflector surface required to 
guarantee satisfactory electromagnetic 
(EM) performance. While the need to con­
trol the shape is clear, the implementation 
is a subject of current research. In the past, 
the link between the loss of performance of 
an antenna and deformation of the struc­
ture of the antenna has been based on 
classical formulas in which the loss is re­
lated to the root-mean-square (rms) value 
of the distortion of the surface. Although a 
reduction in this rms value has a significant 
effect on the gain, it does not necessarily 
improve such other performance parame­
ters as the shape or pointing direction of 
the beam and the levels and distribution of 
side lobes, which depend upon the details 
of the distortion throughout the surface of 
the reflector. 

There is a new optimization procedure 
for control of the shape of the reflector of a 
large space antenna (LSA). The main fea-
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ture that distinguishes this procedure from 
previous ones is that the shape-controlling 
mathematical mechanism is driven by the 
need to satisfy explicit EM design require­
ments rather than implicit limits on the rms 
accuracy of the surface. 

The procedure uses standard finite-ele­
ment structural analysis, aperture-inte­
gration EM analysis, and constrained opti­
mization techniques to predict a set of 
actuator inputs that will improve the per­
formance of an antenna while minimizing 
the applied control effort. The procedure 
was tested for a 55-meter tetrahedral-truss 
antenna designed for a microwave-radi­
ometer mission. A radiometer design is an 
attractive test case because remote sens­
ing is a driving force behind NASA-'s in­
terest in LSA systems and because the 
constraints on EM performance are both 
critical and difficult to achieve. 

In this test case, the shape of the sur­
face of the radiometer is controlled by a set 
of actuators that can lengthen or shorten 
individual members of the backup struc-

ture. The optimization procedure must se­
lect a set of actuator inputs that smooths 
the surface of the reflector enough to satis­
fy criteria for EM performance while mini­
mizing the total actuator effort. The results 
indicate that this procedure produces a 
much better set of actuator inputs than 
does the traditional approach based on con­
straints on rms distortion of the surface. 

"The procedure is applicable to a wide 
variety of LSA concepts. The only assump­
tion is that the original distortion of the sur­
face is known precisely at a discrete 
number of locations and that the change in 
this distortion for a prescribed change in 
actuator inputs can be predicted. The 
quality of the optimum design can be im­
proved even further by refining the finite­
element model of the structure, by increas­
ing the number of discrete points used to 
describe the surface of the reflector, and 
by increasing the accuracy of calculations 
of EM performance. 

This work was done by Sharon L. 
Padula, Howard M. Adelman, and Marion 
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C. Bailey of Langley Research Center 
and Raphael T. Hoftka of Virginia Polytech­
nic Institute and State University. For fur­
ther information, Orc/e 64 on the TSP Re-

quest 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 14). Refer to LAR-13851. 

General·Purpose Electronic System Tests Aircraft 
~J Versatile digital equipment supports research , development, and maintenance. 

Ames Research Center, 
Moffett Field, California 

The extended aircraft interrogation and 
display system (XAIDS) is a general-pur­
pose assembly of digital electronic equip­
ment on the ground for the testing of digital 
electronic systems on advanced aircraft. 
The XAIDS is the enhanced, second-gen­
eration version of a prior system developed 
to support the integration of digital fl ight 
systems, the verification and validation of 
software, preflight and postflight testing, 
and maintenance. To perform the tasks 
now accomplished in a unified manner by 
the XAIDS, it was previously necessary to 
use special-purpose ground support equip­
ment for each project and, therefore, to 
build and maintain an inventory of many 
different types of equipment of varying 
capabi lity. 

The system (see figure) has many ad­
vanced features, including multiple 16-bit 
microprocessors, pipeline data-flow ar­
chitecture, advanced operating system, 
and resident software-development tools. 
The basic collection of software includes 
programs for handling many types of data 
and for displays in various formats. The 
user can easily extend this basic software 
library. Hardware and software interfaces 
to subsystems provided by the user have 
been designed for flexibility in configura­
tion to meet the user's requirements. 

An auxiliary remote data-acquisition 
subsystem (RDAS) serves as an input/out­
put interface that can be located near the 
system to be tested. An RDAS is intended 
for use where direct cabling to the XAIDS 
would be too complicated or vulnerable to 
electromagnetic interference. An RDAS 
can be located as far as 5,000 ft (1.5 km) 
from the XAIDS, with control and data 
Signals flowing at a 1-MHz rate CNer a local­
area network that uses a single RG-59/U 
coaxial cable 3116 in. (4.8 mm) in diameter. 

The XAIDS has contributed greatly to 
the work on the X-29A forward-swept-wing 
airplane. It has centralized the operators' 
activities at a single work station, providing 
both analysis of telemetry data and control 
of the flight-computer test set. Software 
has been developed to enable operators to 
overlay the memory of the flight computer 
with test code and/or tables of data, so that 
test conditions can be altered and the te­
lemetry stream can be remapped. In addi­
tion, several large modules of software 
have been incorporated to provide evalua-
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tions of the performance of the flight-con­
trol system. 

This work was done by Richard D. 
Glover of Ames Research Center. Fur­
ther information may be found in NASA 

TM-86740[N87-16820}, "Design and Initial 
Application of the Extended Aircraft Inter­
rogation and Display System. " 

Copies may be purchased [prepayment 
required] from the National Technical In-

formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. 
Rush orders may be placed for an extra fee 
by calling (800) 336-4700. 
ARC-12148 

Radar Polarimeter Measures Orientations of Retroreflectors 
Polarization signatures of targets are to be compared with known signatures at known angles. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

Experiments have demonstrated the 
use of radar polarimetry to measure the 
orientation of a retroreflective target, even 
though the target is much smaller than the 
resolution element of the radar. The tech­
nique is based on the comparison of the 
angular dependencies of the measured 
and theoretically derived polarization sig­
natures of the target. In principle, the 
polarization signature could also be used 
to identify a target. 

As the term implies, the polarization sig­
nature of a target is proportional to the 
radar scattering cross section of the target 
as a function of the angles of polarization of 
the illuminating and reflected radiation. 
The scattering properties of the target are 
conveniently summarized by the scatter­
ing matrix, S, which expresses the relation 
between the amplitudes rh and rvof signals 
reflected or received in horizontal or verti­
cal polarization, respectively, and ampli­
tudes tH and tvof signals transmitted in hor­
izontal or vertical polarization, respectively. 

Matrix S and the radar cross section, 
which is easily calculated from S, vary as 
the target is rotated about the radar line of 
sight or, equivalently, as the radar antenna 
is rotated around the line of sight and/or the 
radar polarization is varied. For example, 
the left side of Figure 1 shows theoretical 
radar cross sections for copolarized reflec­
tions (identical transmitting and receiving 
polarizations) from a rough surface, from 
a dihedral corner reflector, and from a 
trihedral corner reflector as functions of 
the orientation of the polarization ellipse 
and of the ellipticity angles. (Ellipticity 
angles of ±45° denote circular polariza­
tion, while 00 denotes linear polarization.) 

The right side of Figure 1 shows the 
signatures of a dry lakebed and two corner 
reflectors mounted on it, as measured by 
an airborne radar. The tilt of the reflector 
showing the two-bounce response can be 
inferred by integrating the squared differ­
ences between the measured signatures 
and the calculated two-bounce signatures 
over all states of polarization and noting the 
tilt angle that would minimize the error (see 
Figure 2). 

This work was done by H. A. Zebker and 
L. Norikane of Caltech for NASA's Jet 
Propulsion Laboratory. For further infor­
mation, Qrc/e 200n the TSP Request Card. 
NPO-17231 
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Pulse-Population Modulation for Induction Machines 
~J Low-frequency waveforms are synthesized as needed from a high-frequency power supply. 

Lewis Research Center, Cleveland, Ohio 
The fXlwer~istribution system for the 

profXlSed Space Station is a single-phase, 
44O-Vrrns, 2().kHzsystem, with a regulated 
sinusoidal waveform. A single-phase power 
system minimizes the complexities of wir­
ing, sensing, and control required in a mul­
tisource, redundantly-distributed-power 
system. The 2Q-kHz operating frequency 
was selected to be above the range of 
audibility, minimize the weight of reactive 
comfXlnents, and yet allow the construc­
tion of single power stages of 25 to 30 kW. 

With regulated voltages, most ac/dc con­
versions involve rather-simple transform­
er/rectifier applications. A sinusoidal distri­
bution system, when used in conjunction 
with zero-crossing switching, represents a 
narrow-band source of electromagnetic in-
terference (EM I). The present state of 
20-kHz power technology includes com­
puter controls of voltage and/or frequency, 
cables of low inductance, current-limiting 
protection of Circuits, bidirectional flow of 
power, and motor/generator operation 
using standard induction machines. 

A low-frequency synthesizer has been 
developed to provide a low-frequency 
waveform by synthesis from a high-fre­
quency fXlwer system. The low-frequency 
waveform is assembled by allowing con­
duction of discrete half cycles of the high­
frequency carrier. One advantage of this 
method of modulation is that the frequency 
of the syntheSized wave is controlled by 
the pulse pattern (see Figure 1). 

The ability to control the amplitude and 
frequency independently provides wide lat­
itude for the operation of ac induction 
motors, inasmuch as the torque delivered 
at any shaft speed is a function of the slip 
frequency, and the fXlwer factor drawn by 
the motor at any given speed/load combi­
nation is a function of the terminal voltage. 

In addition, by controlling the relation­
ship between the slip and stator frequen­
cies, one can operate the induction motor 
either as a motor or as a generator (see 
Figure 2). Such a bidirectional energy 
transducer could be used as a starter/gen­
erator for an engine wherein high starting 
torques are provided by high controlled slip 
frequencies and generation is provided by 
negative slip frequencies, or as a servo­
mechanism for control of acceleration and 
deceleration. Other advantages include 
operation under controlled voltage-to-fre­
quency ratios to maintain high-€fficiency 
and high fXlwer factor, and no reflection of 
low-frequency noise into the 20-kHz distri­
bution bus. 

This work was done by Irving G. Hansen 
of Lewis Research Center. Further infor-
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Figure 2. The Torque-vs.-Speed (or Slip) Curve of an induction machine has both positive and 
negative regions, signifying operation as either a motor or a generator. 

mation may be found in: System, II and 
NASA TM-87346[N86-31584], "Descrip- NASA TM-89925[N87-22004], "EMCand 
tion of a 20 Kilohertz Power Distribution Power Quality Standards for 20-kHz 
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THERE'S A NEW 
STANDARD IN REAL-TIME 

COMPUTING FOR MEASUREMENT 
AND CO ""QL 

Find the 24-karat solution for your measurement and 
control applications at Concurrent Computer Corpora­
tion , the world leader in real-time computing . 

L- L-- L-- L-- L-- L-- L-- L-- L--- \. 

Send to Concurrent Computer Corp., Dept. MC-2, 

Cost-effective real-time computing power coupled 
with standards like VMEbus,Tt.1 X Window system ,rM 
DECnet ,TM and a real-time enhanced UNIX® operating 
system are just a few of the solid-gold competitive ad­
vantages you get from Concurrent. With Concurrent you 

l 
l 
l 

106 Apple Street, Tinton Falls, NJ 07724 
o Send me my information starter kit for 

measurement & control applications 
o Send me information on the Concurrent real -time 

UNIX operating system 
Name _______________ __ 

can shorten your software development cycle, lower .-------~-­ Tltle ____________ _ 

your support costs, and get your new projects up 
and running faster And our gilt-edged product line, 
ranging in price from $10,000 to more than $1 million , 
is backed by a world wide support organization . 

Company __________ _ 

Address __________ _ 

... ~~ Clty ____ ST ___ Z,p __ _ 

~ 
L 
l 
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Go for the gold! For your real-time information starter [Phone l 
kit for measurement and control applications, send in My appllcallon IS ____________ _ 

the coupon today or call1-800-631-21S4 toll-free. L L-- L-- L-- L-- L-- L-- L-- L-.... ~ 
Concurrent Computer Corporation-the company that IE!! 
sets the standards for real-time computing . 

Concurrent 
Computer Corporation 

VMEbus'~ ,s a trademark of Motorola Corporat,on X Wondow system™ IS a trademark of MIT 
DECnet'~ IS a trademark of D'9'tal EqUipment Corporalton UNIX ' IS a trademark of AT& T Circle Reader Action No. 581 



Power Distribution." 
Copies may be purchased (prepayment 

required) from the National Technical In­
formation Service, Springfield, Virginia 

22161, Telephone No. (703) 487-4650. 
Rush orders may be placed for an extra fee 
by calling (BOO) 336-4700. 

Inquiries concerning rights for the 

commercial use of this invention should 
be addressed to the Patent Counsel, 
Lewis Research Center [see page 14]. 
Refer to LEW-14669. 

Balanced-Load Real-Time Multiprocessor System 
Modularity and parallelism provide tolerance to faults and high throughput capacity. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A distributed computing system is toler­
ant of damage and temporary faults and of-
fers a high throughput capacity and dy­
namic balancing of the computational 
load. This system, called MAX, is a network 
of interconnected computers. It is based 
on a distributed-data-flow execution 
model, a distributed operating system 
(HYPHOS), a multiple-access broadcast 
bus, and a point-to-p0int circuit-switched 
network. 

In the data-flow architecture, a program 
comprises independent functions. The ex­
ecution of a function is made possible by 
the presence of the data required by the 
function. These data are encapsulated in 
tokens that identify the functions for which 
the data are intended. The use of the token 
by the function consumes the token, and 
the functions produce results in the form of 
new tokens. The tokens flowing between 
functions are automatically queued. There 
is no correspondence between a datum 
and its location in the memory. 

A particular function becomes "fire­
able" - that is, ready for execution - as 
soon as it has received all of the necessary 
input tokens specified by its firing rule. 
Therefore, several functions may be fire­
able at anyone moment. If the functions 
are distributed over the processing units of 
the system, all fireable functions are ex­
ecuted in parallel at the earliest opportuni­
ty. A large assortment of firing rules is pro­
vided to support real-time programming 
and fault to~rance. 

The data flCl'N smoothly handles tran­
sient workloads that arise from asynchron­
ous inputs and variable computing times. It 
offers parallel paths for simultaneous ex­
ecution and allows processing of con­
secutive inputs to overlap. 

The data-floW system is a low-resolution 
one; its structures and functions, written in 
a high-order language, are more complex 
than those of high-resolution systems. 
Although a low-resolution system extracts 
less concurrent operation from an algo­
rithm, such a system also involves less 
scheduling and synchronization. 

The data-floW token is the basic unit for 
most MAX system functions. Software 
modularity, communication, concurrency, 
memory partitioning, and data comparison 
for fault detection are all performed at the 
token level. Full explOitation of this unifying 
mechanism beyond any previous system 

40 

•• rr- -
II fT'" 

II 
II II 
II II 
I lJ. 

I' ••• 'II ri;"' 
" II l ... ~ 

'I r.(: 
" II l .... ~ 

" ll--

••• 

'" Mesh 

A MAX Cluster consists of a group of modules - each a semiautonomous computer. The 
modules are connected to each other and to other clusters by a global bus and a circuit­
switched communication mesh. 

is the essence of the MAX design. 
Overall, the MAX system consists of 

clusters of computer modules connected 
by global buses and the switched com­
munication mesh (see figure). Each mod­
ule is a self-contained computer that oper­
ates autonomously, using the HYPHOS 
distributed operating system. 

Special-purpose boards can be attached 
to a module to enhance its capability, or 
such devices can be incorporated into the 
communication mesh. 

The HYPHOS operating system uses 
special features of the global buses for 
software synchronization. The communi­
cation mesh transports the data between 
the modules. 

There is no central controller in the 
system. Instead, the HYPHOS operating 
system in each module acts in concert 
with the others, to support multitasking, 
communication, and related functions. A 
graph-execution manager schedules data­
flow tasks within a module. 

A module is implemented on a single 
board with dual 32-bit microprocessors -

one primarily for HYPHOS functions and the 
other for application-software functions. A 
module also contains fast floating-point 
hardware and intelligent multiple-channel 
direct-memory-access coprocessors. 
There are also six 1D-Mbls communication 
ports, priority interrupts, and program­
mable timers. System software resides in a 
read-only memory. At least 128 kilobytes of 
random-access memory (RAM) are availa­
ble in each module, and connections are 
provided for external RAM and memory­
mapped input/output. 

This work was done by Robert D. 
Rasmussen, Robert M. Manning, Blair F. 
Lewis, Gary S. Bolotin, and Richard S. 
Ward of Galtech for NASA's Jet Propul­
sion Laboratory. For further information, 
Circle 3 on the TSP Request Gard. 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent 
Counsel, NASA Resident Office.JPL [see 
page 14]. Refer to NPO-17185. 

NASA Tech Briefs, July 1989 



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

Assessment of Digital 
Control for Helicopters 

Digital flight controls 
are essential for high 
performance in advanced 
military rotorcraft. 

A report provides an assessment of digi­
tal electronic flight-control technology for 
advanced helicopters intended for use in 
combat. The overall goal is to describe 
practical methods for the analysiS of high­
gain digital control systems, with a view 
toward reducing the dependence on the 
flight tests and postdesign modifications 
that are commonplace in the development 
of first-generation digital systems for air­
planes. 

Digital flight-control systems are critical 
to the success of the mission of advanced 
combat rotorcraft. Single-pilot and nap-of­
the-Earth operations require handling qual­
ities that minimize the involvement of the 
pilot in the basic tasks of stabilization. Full­
authority, high-frequency, high-gain, multi-

mode, multiply redundant digital flight-con­
trol systems are necessary to satisfy these 
requirements. The work described in this 
report is part of the effort to make the tran­
sition from the current low-authority, low­
bandwidth flight-control technology to the 
technology that will satisfy these re­
quirements. 

The report reviews the state of the art of 
high-bandwidth digital flight-control sys­
terns for airplanes, with emphasis on topics 
of concern for the development of such 
systems for modern combat helicopters. 
Important aspects of the design and analy­
sis of high-gain digital systems are illustrat­
ed by use of results from a detailed study of 
a current rotorcraft system. FrequencYID 
main methods for design and analysis are 
stressed as being essential for the prac­
tical implementation of high-gain control 
systems for rotorcraft. There is a descrip­
tion of approximate and exact methods for 
prediction of the behaviors of digital flight­
control systems. 

The following are among the conclu­
sions reached during the study: 
• The attainable bandwidth of high-gain 

flight-control systems has consistently 
been overestimated in design studies; this 
overestimation is generally not exposed 
until the equipment is tested in flight. 

• Delays in responses to commands have 
historically been principal causes of defi­
ciencies in the handling qualities of high-

bandwidth control systems. Such defi­
ciencies are generally not exposed in 
piloted simulatioos conducted during the 
preliminary design p,ase. Therefore, care­
ful design and analysis are needed to an­
ticipate and minimize unnecessarily long 
delays. 

• Rotorcraft are especially susceptible to 
biodynamic interference effects because 
of high levels of rotor and structural vibra­
tion. 

• Frequency-domain mathematical model­
ing and analysis are effective for devel­
opment of the physical understanding 
needed to make practical high-OOndwidth 
control systems. 

• Block diagrams developed in the pre­
liminary design phase must anticipate the 
numerous special elements of a practical 
digital system to reduce the heavy and 
costly reliance on redesign and optimiza­
tion of design during the flight-testing 
phase. 

• Emulation analysis (which involves an 
analog haif-sampleperioc:k1elay approxi­
matioo of the performance of an analog­
to-digital converter) is useful in preliminary 
design and performance tradeoff studies, 
but direct digital analysis is necessary to 
evaluate accurately the many important 
high-frequency dynamic characteristics 
of a modern digital system. 

• The methods of analysis presented in the 
report require the availability of flexible, in-

Get high performance and a wide pressure range 
in one small transducer, Model 2211 from Teledyne 
Taber. 

pressure ranges from 15 to 50,000 PSI. 
Options include compensation from - 65°F to 

+ 400°F and internal or external shunt tracking FSO 
throughout compensated temperature range. Only one inch in diameter, Model 2211 utilizes the 

flight-proven, time-tested design of Models 2210 and 
2215_ This hybrid unit is completely symmetrical pro­
viding excellent thermal stability, and is available in 

For more information on Model 2211 and the 
complete line of pressure transducers, contact us 
today! 
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teractive computational tools. 
This work was done by M. B. Tischler of 

Ames Research Center. To obtain a copy 
of the report, ''Assessment of Digital Flight 
Control for Advanced Combat Rotorcraft, .. 
Circle 14 on the TSP Request Card. 
ARC-12187 

Multiple-Baseline 
Interferometric 
Synthetic-Aperture Radar 
Performances of spaceborne 
systems and effects of phase 
errors are discussed. 

A report discusses the performances of 
spaceborne interferometric synthetic-ap­
erture radar (SAR) systems in terms of the 
utility of SAR echo data in the generation of 
topographic maps. In the interferometric 
SAR (INSAR) approach, conventional digi­
tal SAR echo data taken along nearly-re­
peat ground tracks are combined coher­
ently to synthesize interferometric SAR 
data. The resulting interferograms yield 
data on the height of the terrain in each pic­
ture element. 

Airborne INSAR has already been 
shown to yield maps comparable with con­
ventional topographic contour maps. The 
purpose of the report is to demonstrate the 
potential utility of I NSAR in a spaceborne 
setting to obtain global coverage. To il­
lustrate the concept, the report uses a set 
of SEASAT data on the Cottonball Basin of 
Death Valley, taken from five orbits that 
were close enough to each other so that 
adjacent ones approximated the tv.Jo.an­
tenna configurations of airborne SAR. The 
Cottonball Basin was chosen because it is 
dry and, therefore, was not expected to 
change significantly during the 3-week in­
terval that contained the nearly repeating 
orbits. (Any change would increase phase 
noise.) 

The report discusses the processing of 
the raw SEASAT data, including such prob­
lems as the registration of the separate 
complex-amplitude SAR images. The ac­
curacy of the resulting topographical 
measurements is assessed. 

Particular attention is given to phase­
measurement errors, a mathematical 
model of which is described. The model 
has Important Implications for the design of 
future spaceborne INSAR. lt shows among 
other things that, although the sensitMtY in 
the measurement of altitude increases 
with the baseline separation, so does the 
phase error. I ndeed, there appears to be an 
optimal baseline separation that balances 
these two opposing factors. The model is 
compared with interferograms synthe­
sized from the data obtained at the various 
baseline separations (between orbits), and 
it is found to agree qualitatively with the in­
terferometric data. 

This work was done by F. K. U and R. M. 

• Circle Re.der Action No. 303 

Goldstein of Caltech for NASA's Jet Pr0-
pulsion Laboratory. To obtain a copy of 
the report, "Studies of Multi-baseline 
Spaceborne Interferometric Synthetic Ap­
erture Radars," Circle 97 on the TSP Re­
quest Card. NPO-17416 

Detecting Impacts of 
Particles on Spacecraft 
The locations and types of 
impacts would be determined 
electronically. 

A report describes a proposed network 
of acoustical sensors - in effect, a 
miniature seismographic system - to de­
tect impacts of particles on the external 
panels of a spacecraft. Inexpensive thin­
film vibration sensors would be placed on 
the insides of the panels and would be con­
nected to a relatively-simple data-collec­
tion system. The meteoroid shields already 
planned for the Space Station would serve 
as the panels on that spacecraft. 

k, many as 10 panels on the Space Sta­
tion logistics module, each 1.4 meters 
square and containing typically 10 sensors, 
would be used to show the feasibility of the 
concept. An integrated-circuit chip for 
each sensor would convert its output into 
digital format and feed the output through a 
data buffer to a trigger circuit, which would 
select signals from neighboring sensors 
when a sensor produces a signal above 
preset level. The system would use the sig­
nals to locate the position of an impact and 
to calculate the characteristics of the im­
pact, such as its amplitude in time and fre­
quency, its rise time, and its phase spec­
trum. The Space Station panels would be 
recovered every 6 months so that the im­
pact craters could be examined directly. 

The report describes tests of the concept 
in which small spheres impinged on alu­
minum panels. The tests showed that the 
sensor data can be used to determine the 
locations and characteristics of impacts 
and that the panels provide a suitable 
medium for detecting the low-probability 
impacts of interest. However, the success 
of the method depends on the further de­
velopment of data proceSSing. In addition, 
more-sensitive sensors - perhaps em­
bedded acoustic waveguides - will be 
needed to raise the probability of detecting 
impacts of 0.1 g/s above the present level 
of 0.3 per panel per &month period. 

This work was done by Brian M. 
Lempriere, Robert L. Carlsen, and James 
M. Nelson of Boeing Aerospace Co. for 
Marshall Space Aight Center. To obtain 
a copy of the report, "Final Report, Task 5, 
Space Debris Measurement, Mapping and 
Characterization System, Space Station 
Integrated Wall Damage and Penetration 
Damage Control," Circle 141 on the TSP 
Request Card. 
MFS-28278 
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Reducing Heating in High-Speed Cinematography 
Simple filters are effective. 

Lewis Research Center, Cleveland, Ohio 

Infrared-absorbing and infrared-reflect-
ing glass filters are simple and effective 
means for reducing the rise in temperature 
during high-speed motion-picture photog­
raphy. High-intensity lights are needed, but 
the heat generated by the lights can be ex­
cessive, sometimes damaging the objects 
to be photographed and creating an un­
safe working environment. 

High-speed photography involves rates 
of about 4,000 frames per second. Most 
film sequences are finished in less than 10 s, 
but the greatest temperature rise above 
the ambient temperature occurs during 
that interval. 

In an experiment, a thermocouple with a 
digital readout was used to measure the 
rise in temperature caused by radiation 
from a 300-W tungsten lamp when a heat­
reflecting mirror (a "hot" mirror) or a heat­
transmitting mirror (a "cold" mirror) was 
placed between the lamp and the thermo­
couple (see figure). With a hot mirror per­
pendicular to the rays from the lamp, the 
temperature rose from an ambient 76.4 OF 
to 129 OF (54 0c) within 10 s after the lamp 
had been switched on. Without the mirror, 
the temperature rose to 163 OF (73°C). The 
hot mirror, which passes most of the visible 
spectrum but reflects most infrared light 
away, thus reduced the rise in temperature 
by 39 percent. 

A hot mirror at an angle of 45 ° to the 0p­

tical path was even more effective. It al­
lowed the temperature to rise to only 
121 OF (67 OC) - a reduction of 48 percent 
below the rise in the unfiltered case. A cold 
mirror, which reflects most visible light and 
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These "Hot-Mirror" and "Cold-Mirror" Configurations, often employed in projection of im­
ages, can also heip prevent excessive heating of scenes by powerful lamps used in high­
speed photography. 

allows most infrared to pass, was tested at 
an angle of 45°. It allowed the temperature 
to rise to 106 OF (41°C) at 10 s - a reduc­
tion of 66 percent below the rise in the un­
filtered case. 

A single hot or cold mirror in combina­
tion with a heat-absorbing glass produces 
an even greater reduction in the rise in 
temperature. At 10 s, the temperature was 
98 OF (37 OC), representing a reduction of 
75 percent in the rise in temperature. 

This work was done by Howard A Slater 
of lewis Research Center. Further infor­
mation may be found in NASA TM-1OO222 
[N88-111oo], "Reduction of Temperature 
Rise in High-Speed Photography." 

Copies may be purchased [prepayment 
required] from the National Technical In­
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. 
Rush orders may be placed for an extra fee 
by calling (BOO) 3364700. LEW-14798 

Four-Mode Squeezing for Optical Communications 
Quantum noise and vulnerability to nonquantum noise can be reduced. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
Experiments have demonstrated the po­

tential of four-mode squeezing (a special 
example of ultrasqueezing) for increasing 
the immunity to noise in fiber"Ptical com-

44 

munication systems and interferometric 
devices. Four-mode squeezing reduces 
quantum noise more than does ordinary 
(two-mode) squeezing and provides partial 

immunity to non-quantum-mechanical 
phase noise that arises in such media as 
optical fibers. Ultrasqueezing can be a 
strong effect, even in devices in which ordi-
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Four-Mode Squeezing is produced in this experimental apparatus by four-wave mixing in the optical fiber. 

nary squeezing is a weak effect. 
Four-mode squeezing in a fiber or other 

Kerr medium is the product of a four-wave 
mixing interaction. The transmitter is a pair 
of modulated oscillators, which pump a non­
linear medium at two well-separated optical 
carrier frequencies. (fwomode squeezing 
involves pumping at a single optical carrier 
frequency.) The sidebands of each pump 
frequency interact with each other and 
with those of the other pump frequency. 
The resulting nonclassical four-mode cor­
relations produce light that is squeezed in a 
quantum mechanical sense. The quantity 
measured by a dual-frequency homodyne 
detector has smaller fluctuation than 
would be measured with light from a per­
fectly stable (except for quantum fluctua­
tions) laser or with no light at all; i.e., vacu­
um. 

The figure illustrates schematically an 
apparatus used in fiber experiments of 
four-mode squeezing. The oscillator sig­
nals were at the 647-nm and 67&nm laser 
wavelengths of singly ionized krypton. Both 
signals were coupled into a 114-m single­
mode optical fiber, a nonlinear Kerr medi­
um. The fiber was maintained at a temper­
ature of 2 K to suppress thermal noise. A 
resonant phase modulator was used to 

broaden . the spectrum of each oscillator 
Signal to avoid the stimulated Brillouin ef­
fect. (The strong phase modulation did not 
interfere with the squeezing because the 
relative phases of all significant excitations 
were preserved.) Typical power levels at 
the exit of the fiber were 140 to 160 mWat 
647 nm and 50 to 60 mW at 676 nm. 

After passing through the fiber, the two 
wavelengths were separated by a prism. 
One of the wavelengths was incident di­
rectlyon photodiode 01 in a heat sink. The 
other wavelength was reflected from a 
phase-shifting cavity (optical phase shift 4» , 
then detected by photodiode 02. The 
signals from both photodiodes were ampli­
fied, and the amplified signal from 02 was 
subjected to a variable electrical phase 
shift + before the currents from the two 
amplifiers were combined. 

Experimental runs were distinguished 
by whether the less powerful beam (type I 
run) or the more powerful beam (type II run) 
was directed toward the phase-shifting 
cavity and detector 02. The combined de­
tector outputs in the both types of runs ex­
hibited four-mode squeezing , with the 
noise dipping to 20 ± 2 percent below the 
vacuum level. The type II runs gave more 
dramatic evidence of the effect of four-

Spatial Modulation of Light in GaAs 
~~ An image is transferred from one beam of light to another. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
The spatial modulation of light in gallium 

arsenide (GaAs) has been demonstrated 
by transferring an image from one of two 
coherent, crossing beams of light to the 
other one. The technique relies on cross­
polarization beam coupling, which is a 
special case of beam coupling in a photo­
refractive crystal. 

In the ordinary beam-coupling process, 
two beams intersect in a crystal of GaAs, 
which is photorefractive. The resulting in­
terference pattern gives rise to a periodic 
distribution of trapped electrical-charge 

46 

carriers, the electric field of which varies 
the local index of refraction via the electro­
optical effect. Thus, a refractive-index grat­
ing is formed, and it diffracts the beams of 
light in such a way that one of the diffracted 
beams interferes constructively with its in­
coming beam while the other interferes de­
structively with its incoming beam. The re­
sult is a net transfer of energy from one 
beam to the other. However, diffracted 
beams cannot be separated from the pass­
ing-through beams. 

The image is transferred in a GaAs crys-

mode over two-mode cancellations in pro­
ducing the noise reduction. When + = 0, 
the parametric-mixing interaction respon­
sible for two-mode squeezing reduced the 
net noise level near the optical phase of the 
four-mode-squeezing minimum, while when 
+ = n12, these effects opposed each other. 

Phase noise due to thermal fluctuations 
of the index of refraction of the fiber, which 
is the major obstacle to the observation of 
four-mode squeezing, was minimized by 
choosing the optical phase shift 4>, the os­
cillator powers, and the amplifier gains so 
that the negative correlation between the 
two photocurrents predominated over the 
thermal phase-noise contribution from 02. 
Under these conditions, appreciable sup­
pression of quantum noise due to four­
mode squeezing could be observed. 

This work was done by Bonny L. 
Schumaker of Caltech for NASA's Jet 
Propulsion Laboratory. For further infor­
mation, Orcle 58 on the TSP Request Card. 

Inquiries concerning rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel, NASA Resi­
dent Office.JPL [see page 14]. Refer to 
NPO-1717Q. 

tal via cross-polarization beam coupling. 
The crystal is oriented so that the compo­
nents of the electric fields of the two beams 
that lie in the plane of the two electro-opti­
cal axes bisect the angle between the two 
axes. The electric field of each beam can 
be decomposed mathematically into two 
equal components, each parallel to one of 
the two axes. Because the changes in the 
index of refraction along the two axes are 
equal in magnitude but opposite in sign, the 
diffracted beam of one component of a 
beam interferes constructively with that 
beam, while that of the other component 
interferes destructively. This causes the 
electric field of the resultant diffracted 
beam to rotate 90° from that of the incom­
ing beam, resulting in a polarization rota­
tion in each beam after the crystal. There is 
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An Image Is Transferred from one coherent beam of light to the other by crossbeam coupling, a product of the photorefractive effect in the 
GaAs crystal. 

no net transfer of energy from one beam to 
the other. The diffracted component of 
each beam is separated from the beam by 
a polarizer. Then the transfered image in 
the diffracted component is observed. 

The figure illustrates schematically a 
cross-polarization beam-coupling appara­
tus. The crystal is undoped GaAs grown by 
the Czochralski technique. Two coherent 
beams polarized along the [010] axis of the 
crystal are generated by a YAG:Nd laser. 
One beam passes through a transparent 

slide that bears the letters "JPl." The p0-

larizer can be adjusted to produce either a 
positive or a negative of the image on the 
slide. 

This work was done by UJen 07eng, 
Gregory Gheen, and Afshin Partovi of Cal­
tech for NASA's Jet Propulsion labora­
tory. For further information, Circle 102 on 
the TSP Request Card. 

In accordance with Public Law 96-517, 
the contractor has elected to retain title to 
this invention. Inquiries concerning rights 

for its commercial use should be ad­
dressed to 

Edward Ansell, 
Director of Patents and Ucensing 
Mail Stop 301-6 
California Institute of Technology 
1201 East California Boulevard 
Pasadena, CA 91125 

Refer to NPO-17228, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 

Heat-Flux Sensor for Hot Engine Cylinders 
~~ A small, rugged unit gives accurate data in a harsh environment. 

lead wires are exposed at their tips and at­
tached to the films by a parallel"9ap welder. 

A prototype sensor performed reliably in 
engine tests for 10 hours at mean surface 
temperatures up to 950 K. When the maxi­
mum combustion-cycle temperature rose 
above 1,150 K, however, the all-platinum 

Lewis Research Center, Cleveland, Ohio 
A heat -flux sensor includes a buried wire 

thermocouple and a thin-film surface ther­
mocouple, both made of platinum and plat­
inum with 13 percent rhodium. The sensor 
is intended for use in a ceramic-insulated, 
low-heat-rejection diesel engine at temper­
atures of about 1,000 K. 

The body of the sensor is an iron plug. 
One end of the plug is coated with yttria­
stabilized zirconia. Thin films of Pt and 0.87 
PtlO.13 Rh are then sputter-deposited on 
the zirconia layer through a metal mask so 
that they form slightly overlapping circles 
(see figure). The relatively-large nonover­
lapping area allows ample space for weld­
ing lead wires (and rewelding, if necessary) 
and for testing the adherence of the films 
without damaging the thermocouple junc­
tion. The circular configuration helps to 
minimize concentration of stress in the 
films. The wire thermocouple is embedded 
in the core of the plug. 

Procedures have been established for 
preparing the surface of the plug, sputter­
ing the films, and welding the lead wires in 
ways that maximize the adherence of the 
various layers. First, a bonding coat is ap­
plied to the plug. The zirconia is plasma­
sprayed on the bonding coat, chemically 
cleaned in solvents in ultrasonic baths, 
baked, plasma-etched, and covered with 
an electrically insulating alumina bonding 
coat 2 I-IIl1 thick. The platinum and plati-
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nurn/rhodium films are sputtered to depths 
of 5 and 3 ~, respectively. The insulated 
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(Surface Thermocouple) 
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A Thermocouple Junction that resists the environment in the cylinder of an advanced high­
temperature diesel engine Is created by depositing overlapping films of Pt and 0.87 Pt/0.13 
Rh on an Iron plug. The plug also contains an Internal thermocouple. 
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film developed blisters. The adhesion of 
this film may be improved by deposition of 
a layer of platinum oxide 300 J4Tl thick un­
der the platinum film. 

This work was done by Walter S. Kim, 
Richard F. Barrows, Floyd A Smith, and 

John Koch of Lewis Research Center. 
Further information may be found in NASA 
TM-100798 [N88-18892J. "Prototype Thin­
Film Thermocouple/Heat-Flux Sensor for a 
Ceramic-Insulated Diesel Engine." 

required] from the National Technical In­
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. 
Rush orders may be placed for an extra fee 
by calling (BOO) 33&4700. 

Copies may be purchased [prepayment LEW-14830 

Achromatical Optical Correlator 
The signal-to-noise ratio should exceed that of a monochromatic correlator. .,J 
-------------------------------------~~ NASA's Jet Propulsion Laboratory, Pasadena, California 

An experimental optical image-correlat­
ing device is illuminated by multiple-pinhole 
diffraction of dispersed white light instead 

of the monochromatic, coherent light usu­
ally employed in holographic systems. The 
use of noncoherent light is expected to in-

crease the signal-to-noise ratio by reducing 
the component of noise attributable to the 
unwanted component of interference in 

Extended 
Source of 

White Light 

/ 
I~ . :::: 
\'\' 

Pinhole 
Volume Phase 

Grating 
Pinhole 

Sampl ing 
Mask 

Transform 
Lens 

Lens 

Figure 1. The Achromatlcal Optical Correlator uses multiple-pinhole diffraction of dispersed white light to form superposed multiple correla­
tions of the Input and reference images In the output plane. 

The world's first totally enclosed ecosystem. Originally developed by 
NASA, EcoSpheres are not only prototypes of future space colonies, 
but also elegant reminders of the potential for ecological balance on 
Earth. This carefree aquarium - a permanently sealed glass globe­
contains live shrimp, algae, water, and air in bioregenerated balance. 
$79.00 each . 

I'"--"----~ ...... ---~-='---------Rush me ___ EcoSpheres at $79.00 each plus $12.00 for 

overnight delivery. Total enclosed: $ _____ _ 
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Address 

City ________ _ State __ Zip __ 

Mail with payment to: NASA Tech Briefs, Dept. F 
41 East 42nd Street, New York, NY 10017 
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coherent light. Furthermore, noncoherent 
illumination is suitable for applications in­
volving the recognition of color and the de­
termination of scale. When fully developed, 
achromatical correlators are likely to be 
useful for the recognition of patterns; for 
example, in industrial inspection and the 
search for selected features in aerial pho­
tographs. 

The achromatical correlator is illustrat­
ed schematically in Rgure 1. White light is 
condensed onto a pinhole, then converted 
by two lenses and a grating into a horizon­
tal-line spectrum. A sampling mask is 
placed so that a horizontal linear array of 
pinholes lies in the line spectrum. Thus, 
each pinhole acts as a point source of light 
over the narrow range of wavelengths that 
illuminates it. 

The light from the pinholes is recolli­
mated into multiple plane waves of differ­
ent tilts and passed through the input 
plane, which contains a transparency of 
the image to be tested. A lens then focuses 
the light into multiple discrete Fourier spec­
tra of this input image, each such spec­
trum being the Fourier transform of the in­
put object at the wavelength of one of the 
pinhole sources. 

Essential to the achromatical correlator 
is a set of matched spatial filters. Each 
such filter contains the Fourier transform, 
at the wavelength of one of the pinhole 
sources, of a scaled version of the refer­
ence image with which the input image is 
to be compared. Provided that the set of 
matched spatial filters is aligned correctly 
in the Fourier-transform plane, the image 
formed in the output plane is a superposi­
tion of the correlations between the input 
and reference images at the wavelengths 
of the pinholes. 

The matched spatial filters are made by 
using a laser to make a Fourier hologram 

Filter 
Plane 

Translation 
of Record ing­

Aperture 
Mask 

Input Image f (~ x, ~ y): Scaled Reference Image 

Notes: 1. f = focal length. 
2. Ao = laser wavelength. 
3. An = wavelength at nth pinhole source. 
4. +n = angle of reference beam for An. 

Figure 2. The Set of Matched Spatial Filters is made ~y a multiple-exposure holographic pro­
cess, each exposure using a suitably-scaled input image and a suitable angle of the 
reference beam. The recording-aperture mask is translated to the appropriate horizontal 
position for each exposure. 

at the Fourier-transform plane as shown in 
Figure 2. For this process, the input image 
to produce the filter for each pinhole wave­
length is the reference image scaled by the 
ratio of the laser wavelength to the wave­
length at the pinhole. A pivotable mirror is 
used to tilt the reference beam to the angle 

appropriate to this wavelength. 
This work was done by Tien-Hsin Chao 

and Hua-Kuang Uu of Caltech for NASA's 
Jet Propulsion Laboratory. For further in­
formation, Circle 33 on the TSP Request 
Card. 
NPO-17206 

Boundary-Value Problem for Magnetic-Cutoff Rigidities 
Field equations can yield an overview of motions of many charged particles. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
An alternative approach has been de­

veloped for the calculation of the magnetic 
cutoff rigidities of electrically-charged par­
ticles in a static magnetic field. In contrast 
with the conventional formulation, in which 
the trajectories of particles are traced by 
solution of the equations of motion, the 
new formulation involves a partial differen­
tial field equation that is treated as a 
boundary-value problem. In this approach, 
the tracing of trajectories is needed only to 
supply boundary conditions. 

"Rigidity" is used here in the astro­
physical sense meaning the ratio of m0-

mentum of a particle to its electrical 
charge. Typically, the rigidities of particles 
arriving at a given location from a given 
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direction can be grouped into bands of 
rigidities, within which the particles cannot 
escape to infinity, and outside of or be­
tween which they can escape to infinity. 
"Cutoff rigidity" denotes the least upper 
bound or the greatest lower bound of such 
a band. Thus, the calculation of cutoff rigid­
ities is important in such endeavors as esti­
mating the degree to which magnetic fields 
could protect spacecraft from solar-flare 
particles, designing experiments in atomic 
physics, and extracting energy from nu­
clear-fusion reactions. 

The mathematical development begins 
with the basic equation of motion of a 
relativistic charged particle in a magnetic 
field. The rigidity is substituted for the 

momentum in this equation to obtain a dif­
ferential equation in terms of the rigidity, 
the magnetic field, and displacement along 
the trajectory. Another differential equation 
is introduced to express the constancy of 
rigidity along the trajectory. The foregoing 
equations are combined and manipulated 
to yield two alternate forms of the partial 
differential field equation for the cutoff 
rigidity: 

POVxF+(PXB)'(PIF)VpF = 0 
and 

po[VxF+BX(PIF)VpFJ = 0 

where P is the rigidity (magnitude of the 
rigidity vector P P), P is the unit vector tan­
gent to the trajectory in the direction of the 
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rigidity, F is the cutoff rigidity, V x is the gra­
dient operator in position space, V p is the 
gradient operator in rigidity space, and B is 
the magnetic-flux-density vector. 

Once the field equation is supplemented 
by boundar! conditions, and subject to re­
quirements of existence and uniqueness of 
solutions, a solution should be obtainable. 
When the magnetic field is axisymmetric 
(e.g., in a cylindrical solenoid or in a dipole 
approximation of the magnetic field of the 
Earth), the equations can be simplified con­
siderably when one considers the general­
ized Stormer cutoff. It can be shown that 

the vertical cutoff, which is the generalized 
Stormer cutoff evaluated in a direction 
perpendicular to magnetic east, is con­
stant on a magnetic-field line. This means 
that the cutoff can be evaluated at an ar­
bitrary location by following the magnetic­
field line that passes through that location 
until it intersects a surface on which the 
cutoff has been specified as a boundary 
conditon. 

Analytic solutions for the cutoffs can be 
obtained for a large class of problems with 
axial symmetry. A procedure for finding the 
magnetic field that provides the best pro-

tection against charged particles, subject 
to a certain kind of constraint, has been 
derived. Each application of this procedure 
yields an inequality that can be used as an 
upper-bound estimate of the protection 
that can be provided by a given axially­
symmetric magnetic field. 

This work was done by Larry D. Edmonds 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Orcle 
25 on the TSP Request Card. 
NPO-17294 

Fast Laser Holographic Interferometry for Wind Tunnels 
Holograms would be made rapidly in situ. 

Ames Research Center, Moffett Field, California 
A proposed system would make holo-

graphic interferograms quickly in wind tun­
nels. The holograms would reveal two-di­
mensional flows around airfoils and would 
provide information on distributions of 
pressure, the structures of wake and bound­
ary layers, and the density contours of flow 
fields. Some of the technology needed to 
build the system is already available. With 
a concerted effort, a prototype system 
could be developed in about 2 years. 

Because a wind tunnel is a high-vibra­
tion, noisy environment, the optics would 
be mounted on vibration-isolated tables. A 
laser having a pulse duration very short 
compared with the vibration period would 
be used, and the laser would have to be 
stable - its beam should not wander, and 
its intenSity should remain constant from 
shot to shot. A neodymium:yttrium-alumi­
num garnet (Nd:YAG) laser operating at 
5,300 A with 1DO-ns pulses is a likely candi­
date. 

Recording, processing, and reconstruc­
tion of the hologram would be done in 
place (see figure). The holograms could be 
formed on photographic film or plates in a 
commercially-available, self -contained 
wet-developing unit. Even better, the holo-
grams could be formed in thermoplastic 
plates in a modified version of a commer-
cially available thermoplastic holocamera. 
Based on a dry process in which the holo-
gram is developed by heating, the holocam­
era can produce reconstructed images in 
less than a minute, instead of the hours re­
quired for the usual wet development fol­
lowed by reconstruction of the image in a 
laboratory away from the wind tunnel. 
Moreover, vibration can be compensated 
simply by adjusting the position of one of 
the thermoplastic plates in the holocam­
era. 

The system would process and analyze 
images quickly. A semiautomatic micro­
computer -based desktop image-processing 
unit now undergoing development will be 
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Holograms Would Be Formed Quickly In thermoplastic plates In a wind tunnel. The plates 
would be rigid and left in place so that neither vibrations nor the photographlc-development 
process would degrade the accuracy of the holograms. 

moved easily to the wind tunnel, and its when complete, it will draw on domain-spe-
speed and memory will probably be ada- cific knowledge, relate to past experience, 
quate for flows about airfoils. A fully auto- use information from each step of the anal-
matic minicomputer-based image proces- ysis to select the next step, and make intel-
sor also undergoing development will ligent guesses. 
incorporate expert-system computer pro- This work was done by George Lee of 
grams to detect fringes, determine the Ames Research Center. For further infor-
orders of fringes, enhance pictures when mation, Orele 156 on the TSP Request 
necessary, and eliminate noise. An expert- Card. 
system rules base is now being developed; ARG-11840 

51 



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

Calculating Response of a 
Tunable·Diode·Laser 
Spectrometer 
The response function is 
calculated from measure­
ments by an iterative 
deconvolution procedure. 

A report describes measurements made 
with a tunable-diode-Iaser spectrometer 
and the processing of the measurement 
data to calculate the response function, 
which characterizes the component of 
broadening in the measured spectral 
peaks due to the spectrometer itself. This 
broadening results from instabilities in the 
diode-laser output frequency. By use of a 
procedure developed to enhance the 
resolution of spectra and described in a 
previous publication, the response func­
tion is deconvolved from the spectral 
measurements. The procedure is fast and 
simple enough to be used to make routine 

corrections for broadening in diode-laser 
spectrometers. 

In the experiments, two tunable-diode 
stripe-geometry lasers in a cold head on a 
vibration-isolation mount were used to 
cover the spectral regions around wave­
lengths of 5.8 and 7.5 flITl. RotationalMbra­
tional absorption spectra of CH4 and HN03 
were measured in two ways: averaging of 
multiple scans by the sweep integration 
technique and by a lock-in amplifier 
coupled to an x-y chart recorder for con­
ventional phase-sensitive detection. Pres­
sures were kept in the range of 10 to 50 
mtorr (1.3 to 6.7 Pal to minimize pressure 
broadening and were adjusted to yield ab­
sorptances of 10 to 40 percent at the cen­
ters of the rotationallvibrational peaks. A 
relative-frequency scale was provided by 
recording the pattern of interference 
fringes from a solid 7.62-cm Ge etalon. The 
relative positions of the spectral peaks of 
CH4, which are known to within a wave 
number of 10- 4 cm-l, were used to con­
firm the free spectral range (0.016 cm- 1) of 
the etalon. 

The measured (broadened) absorption 
spectrum Am(v) is given by 

Am(v) = f ao A~v')R(v - v')dv' 
_00 

where v and v' are frequencies or wave 
numbers, At is the true absorption spec-

trum of the gas, and R(v - v') is the desired 
time-independent response function of the 
spectrometer. Because a reference gas 
(CH4 or HN0sl of known spectral charac­
teristics is used, one can calculate At(v') 
from the known absorption lines and the 
Doppler-broadening function for the wave­
length of the line and the temperature and 
molecular weight of the gas. 

The algorithm for the deconvolution of 
the response function from the measure­
ments involves sampling at 15 to 25 points 
over the half width at half maximum of an 
absorption peak. Typically, averaging the 
data from 512 sweeps proved sufficient to 
yield a signal-te-noise ratio of "'400. The 
signal-te-noise ratio was limited to "'500 by 
the &bit resolution of the signal averager. 
Smoothing-filter subalgorithms were ap­
plied to the data before and during decon­
volution to suppress high-frequency noise. 

The response functions calculated for 
various laser modes had half widths at half 
maximums ranging from 25 to 35 MHz and 
had shapes ranging from Gaussian to 
roughly trapezoidal. A Gaussian shape 
would be expected where the broadening 
is due to random phenomena like acousti­
cal vibrations or noise in the diode current. 
In the absence of such broadening mecha­
nisms, the output frequency spectrum of 
the tunable-diode laser would be expected 
to be Lorentzian, with a width 1 to 2 orders 

THE FIRST FAMILY IN LINEAR MOTION: 
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When it comes to smooth, precise lin­
ear motion, come to the original : 
Automation Gages. We're the experts 
in boll and roller slide assemblies. In 
fact, AG invented the patented single 
wedge pre-load adiustment technique 
which permits perfect adiustment with 
one screw and eliminates all play and 
backlash. For durability, repeatability, 
and long term value, AG ball and 
roller slides have no competition. 

[AG] 

AG offers nine basic lines and a 
total of 63 models available from 
stock. Travels range from V2" to 15" 
for light, medium and heavy duty 
applications. And if AG doesn't have 
exactly what you need, we' ll design 
and manufacture it for you to your 

specifications. 

AUTOMATION 
GAGES, INC. 
BALL AND 
ROLLER SLIDES 

NOW 
63 MODELS 
AVAILABLE 
FROM STOCK 
FOR IMMEDIATE 
DELIVERY! 

In addition to ball and roller slides, 
AG has positioning and measuring 
stages and accessories, all available 
with a phone call. For the best in lin­
ear motion, call the first family, Auto­
mation Gages, first. 

WRITE OR CALL FOR FREE CATALOG 

"got a problem ••• call" 
1-800-922-0329. IN NEW YORK STATE, CALL 716-544-0400 
CALL FOR AREA DISTRIBlITORS NEAREST YOU Dept. 247 

AUTOMATION GAGES, INC. 850 HUDSON AVENUE ROCHESTER, NY 14621 
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THE CHALLENGE: 
"MACHINE HIGHLY COMPLEX 

AEROSPACE COMPONENTS WITH PRECISE REPEATABIUTY. 
AND REDUCE COSTS SIGNIACANTlY." 

We were able to meet this challenge 
because at Howmet we work 
closely with our customer-partners. 
Our engineer-to-engineer 
approach allows us to take charge 
from concept through prototype 
to finished product and provide 
our customers with capabilities our 
competitors can't match. 

GREATER DESIGN FREEDOM 
AND COST EFFECTIVENESS. 
At our New England Aircraft 
Products Division, in Farmington, 
CT, we produce airfoils up to 14" 
in length by electrochemical 
machining (ECM). As a "stress­
free" process, ECM permits thin­
ner, more complex shapes which 
are otherwise extremely costly or 
impossible to manufacture. And 
our CAD/CAM technology permits 
your design to be duplicated 
precisely. With no final polishing 
required and a low scrap rate, 
manufacturing costs are reduced 
as much as 10%. 

ECM'd fan and compressor 
blades for P&W jet engines. 

Howmet's Winsted Machining 
Center, in Winsted, CT, special­
izes in small to medium airfoils. 
Our state-of-the-art encapsula­
tion system and CNC continuous 
dress creep feed grinders triple 
the removal rates while improving 
accuracy and throughput. 

At Whitehall, MI, our Whitehall 
Machining Division specializes in 
medium to large airfoils and inte­
gral nozzles and rotors. We also 
run small lots and prototype work, 
offering fast turn time and low 
cost for special needs. Our creep 
feed grinders reduce machining 
time while increasing precision 
and flexibility. 

CNC-controlled YAG laser performs 
cutting, welding and drilling. 

IMPOSSIBLE? CHALLENGE US. 
At Howmet, we employ the most 
advanced technologies to meet 
the strict requirements of our cus­
tomer-partners. We will work closely 
with you, engineer to engineer, to 

These retainer plates are typical of our 
precision-machined hardware. 

bring your product cost-effectively 
from prototype work into pro­
duction. For more information on 
our machining capabilities, write 
our Sales Department, Howmet 
Corporation, 475 Steamboat 
Road, Greenwich, CT 06836-1960. 
Or phone the Sales Manager at 
New England Aircraft Products 
Division, (203) 677-1376, Whitehall 
Machining Division, (616) 894-5686, 
or Winsted Machining Center, 
(203) 379-3314. 

H HOWMET CORPORATION 

Partners. Challenge by Challenge. 

New England Aircraft Products Division, 
Farmington, CT 
Whitehall Machining Division, Whitehall , MI 
Winsted Machining Center, Winsted, CT 



of magnitude below the widths observed. 
In this case, the broadening was attributed 
to noise in the diode current, caused in part 
by electromagnetic interference from near­
by laboratory equipment and by acoustical 
shocks associated with the piston move­
ment in the closed-cycle cooler. 

This work was done by Randy D. May of 
Caltech for NASA's Jet Propulsion Lab­
oratory. To obtain a copy of the report, 
"Response Function of a Tunable Diode 
Laser Spectrometer From an Iterative De­
convolution Procedure," Qrcle 37 on the 
TSP Request Card. 
NPO-1 7375 

Research in Thermoelectric 
Materials 
Knowledge of microstructures 
is necessary for further 
improvements. 

A report reviews current research in ther­
moelectric materials with a view toward the 
development of materials of greater energy­
conversion efficiency. These substances 
are generally fine polycrystalline conglom­
erates of high-temperature semiconduc­
tors, formed by such standard ceramic­
making techniques as the hot pressing of 
the fine powders of elemental constituents 
or prereacted powders. The properties de­
pend on the constituents and the fabrica-

tion process, which affect the microstruc­
ture. The emphasis in the report is on the 
effort to understand and manipulate the 
microstructure to increase the thermo­
electric figure of merit, Z. 

The thermoelectric properties of three 
broad categories of materials are dis­
cussed. The first category includes the al­
loys of group IV elements like silicon and 
germanium, which have large energy gaps, 
high chemical stability, and high melting 
temperatures that make them suitable can­
didates for high-temperature thermoelec­
tric generation of power. 

Si/Ge alloys are the materials of choice 
for operation at temperatures up to 1,300 
K. The suitable heat treatment of Sio.aGeo.2 
doped with GaP has resulted in a Z as high 
as 1 x 10 -3 K -1. Analysis of the micro­
structure has shown that these alloys are 
quite inhomogeneous - a property that 
may be essential to improved perform­
ance. 

The second category is the rare-earth 
chalcogenides. These compounds have 
the general chemical formula R3 - x X4 
(0<X< V3) and the crystalline structure 
of ThP4 and are important thermoelectric 
materials because of their high melting 
temperatures, capabilities for self<loping, 
and low thermal conductivities. In L.a3 - -x 
Te4, a Z as high as 1 x10-3 K-1 has been 
achieved. The optimum Z appears to occur 
at x:::: 0.2, but analysis of the microstruc-

ture shows that the exact value of x cannot 
be defined, partly because of the presence 
of L.a20 2Te. Consequently, a reproducible, 
high-Z material cannot be made until con­
tamination by oxygen can be controlled or 
eliminated. 

The third category includes the narrow­
band semiconductors, especially the b0-
ron carbides, in which electrical conduc­
tion occurs by the hopping of quasi-free 
charge carriers in the form of small polar­
ons. The boron carbides are preferred for 
operation at temperatures up to 2,000 K. A 
p-type Zashigh as 5x10- 4 K-1 has been 
achieved at a temperature of "'1,200 K, 
with the promise of a higher Z at 2,000 K. 
The degree of microstructural and compo­
sitional disorder appears to influence the 
thermoelectric properties strongly. Know­
ledge of the disorder through analysis of 
the microstructure and correlation of the 
foregoing with transport properties is es­
sential to further progress with the boron 
carbides. 

This work was done by Charles Wood of 
Caltech for NASA's Jet Propulsion lab­
oratory. To obtain a copy of the report, 
"Materials Problems in High Temperature 
Tfiermoe/ectric Energy Conversion," Cir­
cle 103 on the TSP Request Card. 
NPO-17403 

Numerical Algorithms Group 

NAG Fortran Library products enable you to spend your time and talents on genuine 
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AG 0 LI E UPPLEME T 
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to make maximum use of the AG Library. 
The Online system provide hinrs on choice of 
routines, syntax assistance, and other forms of 
help. 

An interactive CASE tool for vectori1.ing and 
parallelizing Fortran program . Anain perfor­
mance improvemenrs beyond what optimizing 
compiler may provide. Ideal for "rejuvenating" 
older applications. 

NAG Ada Library 

The first commercially available math library 
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tens the development cycle for embedded math 
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APPLICA TIO 'S 1 CL DING : 

• SIGNAL PROCES 1 G • COMPUTATIONAL CHEMISTRY 
• OPERATIONS RESEARCH • ECONOMETRIC MODELS 
• APPLICATION DEVELOPMENT • STATI TI AL A ALYSIS 

N 1ERICAL ALGORITIIMS GRO P 1400 Opus Place, Suite 200 Downers Grove, IL 60515-5702 (312) 971 -2337 FAX : (312) 971-2706 
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Double Assurance 
MONITORING BOTH THE PRODUCT AND 

PROCESS MEANS NEW LEVELS OF ASSURANCE 
IN AEROSPACE ALUMINUM. 

STATISTICAL PROCESS CONTROL 

There are two big hurdles in manufacturing 
aerospace-grade aluminum. 

The first is meeting the industry's 
rigid specs. 

The other is making sure that quality 
is consistent. 

The problem with taking a sample from 
a coil of aluminum is that up until now, there's 
been no way to be confident that the sample 
is representative of the whole. 

Well, all that's changed. 
Kaiser has revamped its Trentwood, 

Washington plant to produce aluminum with 
a quality and consistency unsurpassed by any 
other supplier. 

Using the latest advances in electronics and 
monitoring technology; we not only test the fin­
ished product, we monitor the aluminum-making 
process every step of the way using real-time 
statistical analysis. Kaiser personnel measure 
continuously; analyze the product, and make 

0<'.. " .... , ... ,," p« _~ '''~.:. on-line adjustments . 
• ":" ':.'.:. MI' l GeeR[CR'" To the aerospace 

company; this means, for 
instance, when you review 

"_." "'!!' C..Jl~~-t~~'?f-p~~ "'.!NI specs for gauge and flat-
ness, you're assured they 
apply consistently across 

~,,,;,, ___ ~.:=~-"-'-'~~ the entire plate or coil. 
No wonder aluminum 

Production personnel can see from Kaiser Trentwood is 
at a glance what is happen-
inginprocess with Kaiser's the premier product within 
!mique"scorecard;'which the aerospace industry. 
shows the history of each Q 
order ru~l through the mill, uality is doubly assured 
turni,!g SPC data into a because we bring the lat-
graphic presentatIOn. t th d f ality es me 0 s 0 qu man-
agement to both the process and the product. 

To learn more, contact Kaiser Aluminum, 
300 Lakeside Drive, Oakland, CA 94643. 
(4l5) 271-3300. 

KAISER 
ALUMINUM 

ALUMINUM FOR THE 21ST CENTURY 
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STATISTICAL 
EXPERIMENT 

DESIGN 
Stat·Ease makes it easy for you to 
use statistically designed experi· 
ments. We offer two menu· driven 
programs that combine power and 
ease of use: 

DESIGN-EASETJI software for two­
level factorial, fractional factorial and 
Plackett-Bunnan designs. ($3()() 

DESIGN-EXPERT" software for 
response surface (central composite 
and Box-Belmken) and mixture (sim­
plex and extreme vertices) designs. 
($495) 
These programs help you choose, set 
up and analyze experimental designs. 
They run on mM personal computers 
and compatibles. 
To purchase or receive more infonna­
tion contact: 

Stat·Ease, Inc. 
4108 Aldrich Ave. So. 

Minneapolis, MN 55409 
(612) 822-5574 

..i-T~-£i16L INC. 

Site license. quantity discount. 
training. consulting also available. 
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OUTER 
SPACE 

ADIENTURE 

Experience the thunderous 
power of Space Shuttle 
launches, bounci ng moon 
walks, and weightless space 
ballet - all in the action· 
packed VHS videotape SPACE 
SCAPES, featuring rare footage 
gleaned from NASA's film ar· 
chives. This visual treat is set 
to the award·winning music of 
Jan Hammer. (Color, 30 min· 
utes) Only $1 9.95 each plus 
J~~~~~~~~~~~a __ _ 
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Name ______________ __ 
Address _____________ _ 
City __________________ _ 

State Zip ________ _ 
Total Enclosed: $ _ ____ _ 
for (quantity) Space 
Scapes videotapes. 

Send check or money order to: 
NASA Tech Briefs, Dept. F 

41 Eest 42nd St. 
New York, NY 10017 
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56 Electrochemical 
Studies of Aluminum 
Coated With Primer 

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

PMR Resin Compositions 
for High Temperatures 

One composition showed no 
deterioration in mechanical 
properties after 200 hours at 
700 OF (371 0c). 

A report describes experiments to iden· 
tify polymer matrix resins suitable for mak· 
ing graphite-fiber laminates that could be 
used at 700 OF (371°C) in such applications 
as aircraft engines to achieve higher 
thrust·te-weight ratios than are now possi· 
ble. Two particular high·molecular·weight 
formulations of PMR (polymerization of 
monomer reactants) resins appear to be 
the most promising. 

In the experiments, neat resin moldings 
were prepared with various monomer reo 
actants and screened for thermo-oxidative 
stability at a temperature of 700 OF (371°C) 
in air under both ambient pressure and 4 
atmospheres (0.4053 MPa) of pressure. 
The resins that exhibited the best overall 
balance of processability, glass·transition 
temperature, and thermo-oxidative stabili· 
ty were used to prepare unidirectional· 
graphite·fiber laminates. The laminates 
were evaluated for thermo·oxidative 
stability and mechanical properties. 

Each of the resins contained a dimethyl 
ester and the monomethyl ester of 5-nor· 
bornene·2,3-dicarboxylic acid (NE), and 
some resins contained one or two dia· 
mines. The stoichiometric proportions of 
the reactants used in each resin were 
n:(n + 1):2, where n = the number of 
moles of dimethyl ester, n + 1 = the num· 
ber of moles of diamine, and the number of 
moles of NE was 2. The formulated molec· 
ular weights (FMW's) of the end-capped 
prepolyrners prior to final curing of the 
resin ranged from 1,270 to 7,5rXJ. 

The formulation of the most promising 
resin, designated PMR·II·30, was a dimeth· 
yl ester of 4,4/,hexafluoroisopropylidene}-

bis(phthalic acid), p·phenylenediamine, 
and NE in the mole ratio of 5:6:2. After an 
exposure to air for 200 hours at a tempera· 
ture of 700 OF (371 OC) and a pressure of 4 
atm (0.4053 MPa), laminates made with 
this resin showed no decrease in interlami· 
nar shear strength or flexural strength and 
had a weight loss of only 11 percent. 

In general, the experiments showed that 
the PMR compositions of higher FMW ex· 
hibit enhanced thermo-oxidative stability. 
The formation of high-quality laminates 
with these compositions requires the use 
of curing pressures higher than those suit· 
able for the compositions of lower FMW. 

This work was done by Raymond D. 
Vannucci of lewis Research Center. Fur· 
ther information may be found in NASA 
TM-88942 [N87·10071INSPJ. "PMR Poly· 
imide Compositions for Improved Perform· 
ance at 371°C. ., 

Copies may be purchased [prepayment 
required] from the National Technical In· 
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487·4650. 
Rush orders may be placed for an extra fee 
by calling (BOO) 3364700. 
LEW·14658 

Electrochemical Studies of 
Aluminum Coated 
With Primer 

The ac-impedance method is 
used to investigate corrosion 
rates and mechanisms. 

A technical paper describes experi· 
ments using the ac·impedance method of 
analyzing the corrosion of metal surfaces 
and the breakdown of protective coatings. 
Direct<:urrent methods, in use for at least 
15 years, enable the quick determination 
(30 to 60 minutes) of corrosion currents 
that translate into corrosion rates of mils 
per year (1 mil/yr::: 8 x 10 -13 mls). Alter· 
nating·current·impedance scans provide 
more detailed information, which can indio 
cate changes in corrosion rates, progreso 
sive deterioration of coatings, changes in 
metal surfaces, and reaction mechanisms. 
Moreover, changes in the conditions of 
coatings can be detected by the ac meth· 
od before dc methods show an increase in 
metal<:orrosion current. 
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After centuries of practice, 
mankind perfects engineering 

calculations: MathCAD. 
Announcing MathCAD 2.5: 
The Dawn of a New Age. 

What the historians will call it, 
only time will tell. 

Perhaps the Century of Speed, or 
the Era of Ease. But whatever the 
name, this is the age of Math CAD 2.5, 
the only math package that looks 
and works the way you think. 

MRthCAD 2.5 includes 3-D plotti'19, HPGLlkach 
impun, and PostScript output. 

MathCAD is fur and away the 
best-selling math package in the 
world. Because it lets you perform 
engineering and scientific calcula­
tions in a way that's £aster, more 
natural and less error-prone than 
the way you're doing them now­
whether you're using a scratch pad , 
calculator, spreadsheet or program 
that you wrote yourself. 

And now we've made the best 
even better. MathCAD 2.5 is a dra­
matically improved version that in­
cludes three-dimensional plotting, 
enhanced numerical analysis, and 
the ability to import HPGL files 
from most popular CAD programs, 
including AutoCAD ~ And now you 
can print on PostScript" compatible 
printers. 

And like before, MathCAD's live 
document interfuce'"lets you enter 

NGINEE\\ING 
~E.~\sSl'tlCE 

equations anywhere on the screen, 
add text to support your work, and 
graph the results. Then print your 
analysis in presentation-quality 
documents. 

It has over 120 commonly used 
functions built right in, for handling 
equations and formulas, as well as 
exponentials, differentials, cubic 
splines, FFTs and matrices. 

No matter what kind of math you 
do, MathCAD 2.5 has a solution 
for you. In fact, it's used by over 
50,000 engineers and scientists, 
including electrical, industrial, and 
mechanical engineers, physicists, 
biologists, and economists. [-;;;;;:;;1 

But don't take our word 
for it; just ask the experts. 
PC Magazine recently 
described MathCAD as 
"everything you have ever 
dreamed ofin a mathemat­
ical toolbox." 

And for Macintosh" 

Marchl<l. 
1989 issue. 

Bestof'88 
Bestof'87 

users, we present MathCAD 2.0, 
rewritten to take full advantage of 
the Macintosh interfuce. Entering 
operators and Greek letters into 
equations is pure simplicity! 

Look for MathCAD 2.5 at your 
local software dealer, or give us a 
call. For more information, a free 
demo disk, or upgrade information~ 
diall-800-MATHCAD (in MA, 
617-577-lO17) . 

* Ify(m purchased MathCAD 2. 0 between 
511189 and 6116189, you canget a FREE 
upgratk to version 2.5 (otherwise, the up­
gmde cost is $99.00 tmtil June 30, 1989,­
aftenvards, the cost will be $149. 00) . 

MathCAD® 
MathSoft. loco One Kendall Squa .... Cambridge:. MA 02139 

Available for IBM" compatibles and Macintosh computers. TM and ® signify manufacturer's trademark or manufacturer's registered trademark. respectively. PE 
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For purposes of interpretation of meas­
urements of the ac impedance of a corrod­
ing specimen, the equivalent circuit of an 
uncoated metal specimen immersed in 
aqueous solution is a resistor (representing 
the solution) in series with a parallel combi­
nation of a capacitor and a resistor (repre­
senting the layers of charge at and near the 
surface of the metal). The equivalent circuit 
of a coated specimen is more complicated 
and includes four resistors and four capac­
itors. The resistances and capacitances 
change with time as corrosion proceeds. 

Measurements of the impedance as a 
function of frequency provide sufficient 
data to enable the resistances and capaci­
tances to be determined by performing a 
least-squares fit. A knowledge of the de­
pendence of these values on time can lead 
to a more detailed understanding of the 
corrosion process. 

The specimens for the experiments 
were 2219-T87 aluminum disks coated with 
TI-P-1757 aerosol zinc chromate primer. 
The disks were immersed in 3.5-percent 
NaCi solutions buffered at pH 5.5 and pH 
8.2 and monitored for 40 days by both the 
ac-impedance method and the dc polariza­
tion-resistance method. 

The ac-impedance data indicate that a 
charge-transfer mechanism predominates 
in the kinetics at both pH values. The 
changes in one of the resistive compo­
nents have been tentatively attributed to 

the buildup of corrosion products in the 
paint film and the subsequent dissolution of 
those products. The variations in the ca­
pacitive components are tentatively attri­
buted to changes in the thickness of the 
layer of AJ 20 3 on the surface of the alumi­
num. The resistive curves from the meas­
urements of the ac impedance and the dc 
polarization resistance are consistent with 
each other. 

This work was done by Merlin D. 
Danford of Marshall Space Flight Center 
and Ward W Knockemus of Huntington 
College. Further information may be found 
in NASA TP-2715 [N87-2107f.1NSPl "The 
Corrosion Mechanisms for Primer Coated 
2219-T87 Aluminum. " 

Copies may be purchased [prepayment 
required] from the National Technical In­
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. 
Rush orders may be placed for an extra 
fee by calling (800) 336-4700. 
MFS-27184 

Rapid Annealing of 
Amorphous Hydrogenated 
Carbon 

Effects on selected optical 
properties are discussed. 

A report describes experiments to de­
termine the effects of rapid annealing on 

films of amorphous hydrogenated carbon 
(a-C:H). This study represents some of the 
fi rst efforts to provide information for appli­
cations of a-C:H films where rapid thermal 
processing may be required. 

For the experiments, a-C:H films were 
deposited from a methane plasma onto 
quartz and silicon substrates. Each of 
these specimens was placed in a rectan­
gular quartz annealing chamber 5 in. (12.7 
cm) wide, 8.5 in. (21.6 cm) long, and 1 in. 
(2.5 cm) high and heated rapidly from the 
top and the bottom by a bank of 13 1.5-kW 
tungstenlhalogen lamps. 

The specimens were mounted on a sili­
con wafer coated with gold and tungsten to 
speed heating through enhanced absorp­
tion of light from the lamps. Some speci­
mens were mounted with the film side up 
and some with the film side down. The 
temperature was measured by a thermo­
couple attached to the silicon wafer, and 
the lamps were operated under control of a 
microprocessor to obtain the desired vari­
ation of temperature with time. Annealing 
temperatures of 400 or 600 °c were main­
tained for various intervals from 20 s to 
0.5 h. 

Annealed and unannealed specimens 
on quartz substrates were examined with 
an ultraviolet-and-visible absorption spec­
trometer. The optical band gaps of these 
films were inferred from the variations of 
their absorbencies as functions of the 

Colorful T-Shirt 

58 

Large chamber capacity handles all your high tem­
perature needs_ Space-saving cabinet combines 
both furnace and control. 

.11" W x 9" H x 14" D chamber 
• Safe. stable swing-away door 
• 16 segment programmable control 
• RS232 digital communications 
• Over-temperature protection 

Contact your local laboratory distributor or 
Lindberg/Blue M. 304 Hart Street. Watertown. WI 
53094. Phone 414-261-7000 • FAX 414-261-0925. 

9L30A 

LINDBERG/BLUE M 
A U N IT OF GENERAL SIGNAL 
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Celebrate America's return to space with this official T-shirt 
from the movie "The Dream Is Alive™." Gorgeous full­
color graphics against a white background. Machine-
washable cotton and polyester. Only $11.50 each! 
Order yours today using this convenient coupon . --------------------------
Enclosed is $ (Add $2.50 for shipping 
and handling. NY residents add sales tax .) 
Rush me T-shirt(s) in the following sizes(s): 

Adult: S ___ M L XL 

Children: XS ___ S M _ __ L 
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Address 

City State Zip _ __ _ 

Clip and mall with payment to: 
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ll1ey df)n~ Put it ro the ten in space 
until we help Put it ro the test f)n ~arth. 

When your product's in space orbit 300 miles above the 
Earth, structural integrity takes on a whole new meaning. 

Which is precisely the reason so many contractors 
back on Earth use Bruel & Kjaer test, measurement and 
stress analysis equipment. 

They know Bruel & Kjaer high-performance test 
equipment offers unparalleled accuracy, reliability and 
consistency. They also know Bruel & Kjaer instruments and 
systems are engineered and built to the most exacting 

standards in the world . With a 45-year reputation of 
excellence behind them. 

From vibration testing to modal analysis, from 
sound and noise measurement to environmental 
monitoring. On land, sea, air or, for that matter, in space, 
no one helps you get from 'mission possible' to 'mission 
accomplished' like Bruel & Kjaer. 

For our most recent catalog, or to discuss a 
specific application, call us. 

BrUel & Kjcer .-
Bruel & Kjaer Instruments, Inc. 

185 Forest Street, Marlborough, Massachusetts 01752 · 508-481 -7000· FAX: 508-485-0519 
MA- 508·481 ·7737, NJ- 201 ·227·6100, MD- 301·948·0494. GA -404·422·5200, MI- 313·522·8600; IL- 312·358·7582; TX -214·751 ·1700; 

CA - 7 14·978·8066, CA-415·574·8100, WA - 206·324·5905; OH - 513·831 ·8878; AZ- 602·431-1606; CO -303·469· 7914; NM -505·242·0316 
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photon energy. Annealed and unannealed 
specimens on silicon substrates were ex­
amined with a rotating-analyzer ellip­
someter, and the resulting measurements 
were used to infer the extinction and ab­
sorption coefficients, index of refraction,. 
density-of-states parameter, thicknesses, 
and optical band gaps of these films. 

The major finding is that annealing 
causes an abrupt increase in the absorp­
tion and a concomitant decrease in the 0p­

tical band gap. Most of the change occurs 
during the first 20 s, though it continues 
during longer annealing times. The extent 
of the change increases with the annealing 
temperature. The researchers hypothe­
size that the abrupt initial change is caused 
by the loss of hydrogen, while the gradual 
subsequent change is due to polymeriza­
tion of the remaining carbon into crystal­
lites or sheets of graphite. 

The optical band gaps of unannealed 
specimens on silicon substrates were 
lower than those of specimens on quartz 
substrates. Because silicon is a conductor 
while quartz is an insulator, the plasma 
above the substrates during fabrication is 
believed to be different, leading to dif­
ferences between the films, including the 
observed differences in the band gaps. 

This work was done by Samuel A. 
Alterovitz, John J. Pouch, and Joseph D. 
Warner of lewis Research Center. Fur-

ther information may be found in NASA 
TM-89859 [N87-20821]. "Rapid Thermal 
Annealing of Amorphous Hydrogenated 
Carbon (a-C:H) Rims." 

Copies may be purchased {prepayment 
required] from the National Technical In­
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. 
Rush orders may be placed for an extra fee 
by calling (BOO) 336-4700. 
LEW-14664 

Measuring Mechanical 
Properties of 
Optical Glasses 

Several tests will yield data 
relevant to reliabilities and 
lifetimes under stress. 

A report discusses mechanical tests 
that measure the parameters of strength 
and fracture mechanics of optical glasses. 
The data from these tests will be used to 
predict the reliabil ities and lifetimes of 
glass optical components of several pro­
posed spaceborne instruments. 

The inherent brittleness of glass leads to 
a large variability in measured strength and 
to a dependence of strength upon time 
(static fatigue). The rate of loading also af­
fects the strength. Glass that supports 

killS 
~nolse. 

SONEX acoustical foam's 
absorption coefficient is four 

times that of conventional 
materials. Send for the tests, 

charts, specs, and color 
examples from 3800 Washing~ 

ton Ave. N., Minneapolis, MN 
55412, or call 612/521-3555. 

illbruck 
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loads during long intervals is weaker than 
glass that is loaded suddenly. Expressing 
this in terms of fracture mechanics, the 
purpose of a rapid-loading test is to cause 
the glass to fail before significant growth of 
cracks occurs. However, the strength de­
creases with a decrease in the rate of 
loading, pursuant to substantial extension 
of cracks. These properties complicate the 
structural design of glass comlX>nents. 

Thus, to ootain the required tables of me­
chanical properties of each glass of interest, 
both initial-strength and delayed-fracture 
techniques are used. The modulus of rup­
ture is measured by the well-known four­
point bending method. The initial bending 
strength is measured by the lesser-known 
double-ring method, in which a disk of 
glass is supported on one face near its 
edge by a larger ring and pressed on its 
other face by a smaller concentric ring. 
This method maximizes the stress near the 
center, making it more likely that the speci­
men will fracture there, and thereby sup­
presses edge effects. 

Fracture-mechanics studies generally in­
volve the measurement of the velocities of 
propagation of cracks as functions of se­
lected loads and parameters of the envi­
ronment (e.Q., temperature and humidity). 
Such studies are often directed toward the 
determination of streSS-intensity factors. 
The crack-tip stresses that cause a crack 
to grow are directly proportional to the 
streSS-intensity factor, and the critical 
stress-intensity factor at which fracture oc­
curs is usually expected to be a parameter 
of the material in question. 

In a typical delayed-fracture study, a 
specimen that contains an initial crack of 
known length is stressed in a double-canti­
lever or simple three-point-bending appa­
ratus. The streSS-intensity factor is deter­
mined by monitoring the growth of the 
crack relative to a controlled load. The ad­
vantages of the double-cantilever-beam 
technique are that the strain-energy-re­
lease rate is independent of the length of 
the crack and that corrections for shear or 
rotation of the beam are unnecessary. 

For a more complete characterization 
of properties related to strength, it is also 
desirable to obtain data on the distribution 
of sizes of flaws. Flaws on the surface of a 
specimen can be examined by electron mi­
croscopy of a replica of the surface. Thus 
far, a suitable method to investigate flaws 
within the specimen has not been select­
ed. 

This work was done by Dennis S. Tucker 
and Ronald L. Nichols of the University of 
Alabama for Marshall Space Aight Cen· 
ter. To obtain a copy of the report, "The De­
velopment of Test Methodology for Testing 
Glassy Materials," Orcle 94 on the TSP Re­
quest Card. 
MFS-27206 
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12.5 MFLOPS 
32-bit Floating Point Array Processor 

for PC, XT, AT, & Compatibles 

• 473 functions callable from C. 
FORTRAN. or Turbo Pascal 

• Software designed for up to 
8 PL 12508. running In parallel 

1 K Complex Floating Point FFT 8.35ms 

Complete with Software-S2695 
For more information & benchmarks, contact: 

f.f~n- 6~ :z'rWzaI~ 
771 Gage Drive. San OIego. CA 92106 

16191224-2158 • FAX (6191224-3958 
In Austrllll: Compo Trans. Sys. 

(03) 51 7789 
In Jlpan: Kyokuto Boeki Kaisha (KBK) 

(03) 244-3790 • FAX (03) 246-1846 
In Europe: Assentoft Electronics 

(06) 16 2926 
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This quality poplin cap features a 
striking red and blue embroidered 
logo against a white background . 
Leather adjustment strap and cord 
give added pizazz. One size fits all. 
Only $11 .95 each . The perfect gift! 

Rush me cap(s). Enclosed is 
$ plus $3.00 postage and hand· 
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Total enclosed : $ ______ _ 
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Compuler PrOgramS 
62 Predicting the Propagation of Cracks 

COSMIC: Transferring NASA Software 
COSMIC, NASA's Computer Software Manage· 

ment and Information Center, distributes sott· 
ware developed with NASA funding to industry. 
other government agencies and academia. 

COSMIC's Inventory IS updated regularly; new 
programs are reported in Tech Briefs. For addl' 
tlonal information on any of the programs describ· 
ed here, circle the appropriate TSP number. 

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

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

Predicting the 
Propagation of Cracks 

Safe operating lives of 
components of structures 
can be estimated. 

Flaws and cracks in a structure can 
grow under fatigue-inducing loads and, 
upon reaching a critical size, cause the 
structure to fail. The growth of these flaws 
and cracks may occur at load levels well 
belO'vV the ultimate load-bearing capabili­
ties of the structure. The Advanced Crack 
Propagation Predictive Analysis Program, 
FLAGR04, was developed as an aid in pre­
dicting the growth of preexisting flaws and 
cracks in structural components. FLAGR04 
provides the fracture·mechanics analyst 
with a computerized method of evaluation 
of the "safe crack-growth life" capabilities 
of structural components. FLAGR04 could 
also be used to evaluate the tolerance-to­
damage aspects of a given structural de­
sign. 

The propagation of an existing crack is 
governed by the stress field in the vicinity of 
the tip of the crack. The stress·intensity fac· 
tor is defined in terms of the relationship 
between the magnitude of the stress field 
and the size of the crack. The propagation 
of the crack becomes catastrophic when 
the local stress-intensity factor reaches the 
fracture toughness of the material. 

FLAGR04 predicts the growth of a 
crack by use of a lwo<jimensional model 

review of programs in your area of interest You 
can also purchase the 1988 COSMIC Software 
Catalog, containing descriptions and ordering in· 
formation for available software 

COSMIC is part of NASA's Technology Ullliza· 
lion Network. 

COSMIC ' - John A. Gibson. Director, (404) 
542·3265 
The University of Georgia, 382 East Broad Street, 
Athens, Georgia 30602 

that independently predicts the growth of 
the flaw in two directions based on the cal­
culation of stress-intensity factors. The an· 
alyst can specify that the rate of growth be 
controlled by Collipriest's equation. For­
man's equation, Paries' equation, or tabu­
lated data supplied by the user. 

FLAGR04 can model partly-through, 
through, and corner cracks located on 
panels, on edges of panels, at open holes, 
at holes or lugs loaded with pins, and on tub 
or bar surfaces. The mathematical model· 
ing of the growth of a crack can be con· 
tinued until propagation becomes cata­
strophic. FLAGR04 can accommodate 
transitions from partly·through to through 
cracks, gradients of stress across the 
width and thickness, residual stresses at 
cold-worked holes, variations in the proper· 
ties of materials due to changes in the envi­
ronment, and Willenberg retardation. 

The input to FLAGR04 consists of the 
initial definition of a crack (which can be 
defined automatically), type of rate solu· 
tion, type and geometry of flaw, properties 
of the material (if they are not in the built-in 
material table), data on the load spectrum, 
load-stress functions. and design-l imit 
stress levels. The output from FLAGR04 
includes an echo of the input with any error 
or warning messages and a history of prop­
agation of the crack. 

FLAGR04 is written in FORTRAN IV for 
batch execution and is available in CDC, 
IBM, and DEC machine versions. The CDC 
version has been implemented on a CDC 
6000-series machine with a central·memo­
ry requirement of approximately 150K (oc­
tal) of OObit words. The IBM version has 
been implemented on an IBM 36Q.series 
machine with a central-memory require­
ment of approximately 260K (octal) of a·bit 
bytes. The DEC version has been imple' 
mented on a DEC VP:)( 11/780 computer 
operating under VMS. The FLAGR04 pro­
gram was developed in 1979. 

This program was written by Hu Tianlai 
of Rockwell International Corp. for God· 
dard Space Flight Center. For further in· 
formation. Circle 145 on the TSP Request 
Card. 
GSC·13084 
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Carbon/Carbon Panels Cooled by Heat Pipes 
~~ Heat pipes are embedded to suppress hotspots. 

Langley Research Center, Hampton, Virginia 
A durable and reusable high·tempera· 

ture carbon/carbon heat-pipe structure 0p­

erates at temperatures above 3,000 OF 
(1 ,649 0c) in a vacuum or inert environment 
and up to 2,800 OF (1,537 "C) in an oxidizing 
environment. The maximum heat·flux ca· 
pability of a carbon/carbon structure is cur· 
rently limited by the temperature capability 
(about 2,800 oF) of its oxidation protection 
system. The new concept combines high· 
temperature heat-pipe and carbon/carbon 
technologies to extend both the thermal 
structural capabilities of refractory·metal 
heat pipes and the maximum heat·flux cap­
ability of carbon/carbon structures. 

This new design uses refractory·metal 
heat pipes embedded within a carbon/car· 
bon structure (see figure). The walls of the 
heat pipes are thin and contain the working 
fluid (lithium or sodium) of the heat pipe. 
The carbon/carbon acts as the primary 
load-carrying part of the structure. 

The primary application considered for 
such a structure is the cooling of the 
leading edges and/or nose cap of a hyper· 
sonic aerospace vehicle. The embedded 
heat pipes remove high local heat from a 

Carbon/Carbon 
Structure 

leading edge and transport it to cooler aft 
surfaces, where it can be removed by radio 
ation and/or active cooling. The heat pipes 
help to eliminate local hotspots and asso­
ciated thermal gradients and stresses and 
to reduce peak surface temperatures of 
the carbon/carbon to levels within the ca· 
pability of the oxidation·resisting system. 

Since the maximum structural·reuse tem· 
perature of carbon/carbon [2,800 OF 
(1,537 "C)] is much higher than that of reo 
fractory metals [2,400 OF (1,315 "C)], or suo 
peralloys [1,800 OF (982°C)], the car· 
bon/carbon concept requires less area for 
radiation and consequently weighs much 
less. In addition, because carbon/carbon is 
structurally efficient at high temperatures, 
this passive design would reduce struc· 
tural weight and eliminate the need for 
complex active cooling systems. 

Since carbon/carbon is a composite mao 
terial, its mechanical and thermophysical 
properties can be tailored to specific reo 
quirements by selection of the type of the 
weave and of the type and condition of the 
fibers. The optimum choice of properties of 
the composite and of the size of the heat 

pipes can result in a minimum-mass de­
sign that satisfies peak·temperature and 
thermal·stress constraints. 

Panels can be made by laminating indio 
vidual heat pipes between layers of carbon 
fabric to form two-dimensional reinforced 
carbon/carbon structural components, or 
the heat pipes can be incorporated into 
three-dimensional 'NOVen<:arbon·fiber pre­
forms by weaving the fibers around the pre­
positioned heat pipes. The three-dimension·· 
al approach provides much higher thermal 
conductivity and higher strength, which 
may be required to withstand thermal 
stresses and prevent delamination. 

The most·attractive refractory metal for 
the fabrication of heat pipes is tungsten be­
cause of its compatibility with liquid metal 
working fluids, its low rate of reaction with 
carbon, its good mechanical and thermo­
physical properties at high temperature, 
and its low coefficient of thermal expan· 
sion. Its coefficient of expansion is close to 
that of carbon/carbon, thereby minimizing 
thermal stresses. 

Since the primary application will likely 
involve exposure to oxidizing environ· 
ments, which could rapidly consume the 
carbon and the refractory metal, the struc· 
tures must contain systems to protect 
against oxidation. State-{)f·the-art systems 
of this type could protect this structure ef· 

condenser~ 

CARBON/CARBON LEADING EDGE 
CONTAINING REFRACTORY·METAL HEAT PIPES OPERATION OF LEADING·EDGE HEAT PIPE 

The Leading Edge of a Wing of a hypersonic airplane is cooled by metal heat pipes integrated into the carbon/carbon structure of the wing. 
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fectively, in cyclic applications, at tempera­
tures up to 2,800 of (1,500 0G). Coatings 
currently under development will extend 
the maximum temperature to 3,000 oF. 

This work was done by Charles J. 

camarda and Philip 0. Ransone of Lang­
ley Research Center. No further docu­
mentation is available. 

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 14]. Refer to LAR-13761. 

Whistle Gauge Measures Flow and Temperature 
I 

Features include simplicity, ruggedness, and compactness. 

NASA 's Jet Propulsion 
Laboratory, 
Pasadena, California 

A simple, rugged gauge is used to meas­
ure the speed of flow and the temperature 
of steam or other gas flowing through pipes 
of arbitrary diameter, from 1 to 28 in. or 
larger. The gauge - essentially a specially 
designed, instrumented whistle - has no 
moving parts, is small, is nonobstructing, 
can operate at high temperature and pres­
sure, and cleans itself. The gauge does not 
operate at zero flow, but at moderate flows 
(tens of meters per second) it can generate 
intense sound for use in the measure­
ments. 

The gauge (see figure) consists of a 
slanted ring groove of depth 0 and pres­
sure taps in the wall of the pipe that carries 
the flow to be measured. The resonant 
wavelength, A, of the sound generated by 
the ring groove depends primarily on the 
size and shape of the groove and is approx­
imately equal to 40. 

The pressure taps are openings into nar­
row tubes separated from each other by an 
integral multiple of )J2 along the axis of the 
pipe. The sound travels along the tubes to a 
convenient location at room temperature, 
where it is sensed by microphones and 
analyzed to determine the difference in 
phase between the sound waves at the two 
pressure taps. Using the Doppler relation 
for the propagation of waves upstream and 
downstream from the ring groove, the dif­
ference in phase, A+, is given by 

At = n (1 + nule) when n is odd and 
At = ngn when n is even 

where n = the number of half wavelengths 
between the pressure taps, u = the speed 
of flow, and e = the speed of sound. 

The frequency, f, of the sound is meas­
ured, and the speed of sound is estimated 
bye = 4fO.Theabsolutetemperature, T,is 
then estimated from T = Me2/yR, where y 
= the specific heat of the gas at constant 
pressure divided by the specific heat at 
constant volume, R = the gas constant, 
and M = the mass of one mole of the gas 
in the pipe. 

Experimental versions of the gauge 
have been tested successfully. For exam­
ple, one gauge exhibits a resonance at 
1,380 Hz at flow speeds of 35 to 110 mis, 
and the phase differences were as predict­
ed for pressure taps with one- and two-
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wave-length separations. The introduction 
of secondary flows of the same gas through 
a modified ring source at a pressure slight­
ly higher than the local value has extended 

the range of operation of the sensor down 
to zero speed. 

This work was done by Parthasarathy 
Shakkottai and Eug Y. Kwack of Galtech for 

NASA's Jet Propulsion Laboratory. For 
further information, Orcle 164 on the TSP 
Request Gard. 
NPO-17243 

Navler-Stokes Calculations With Deforming Grid 
The specification of boundary conditions is simplified. 

Lewis Research Center, Cleveland, Ohio 

A scheme for numerical simulation of 
the transonic, compressible, viscous flow 
about a twcxjlmensional cascade of oscil­
lating rigid airfoils Involves the finite-differ­
ence solution of the Navier-stokes equa­
tions on a coordinate grid that deforms 
with the motions of the airfoils. The scheme 
is expected to contribute to understanding 
of the flows around advanced turboprop 
airfoil sections. It Is needed because no ex­
perimental data are yet available to deter­
mine the extent of unsteady effects In such 
flows, and the linearized potential-flow 
codes used thus far to study transonic 
cascades are not expected to represent 
the true physical phenomena. 

The cascade Is represented by a period­
ic coordinate grid, which conforms to peri­
odic boundaries and to the airfoil surfaces 
(see figure). Periodic boundary conditions 
(including blades pitching and/or plunging 
In unison) are assumed. Thus, the flow 
about each airfoil can be simulated numer­
Ically by applying flnlte-dlfference Navier­
Stokes-solution techniques previously 
developed for an Isolated airfoil. 

The outer boundary Is considered fixed. 
The grid Is Initially fitted to the outer bound­
ary and a stationary Inner boundary (airfoil 
surface) by a numerical solution of Pois­
son's equation. The inner boundary Is then 
allowed to move by some prescribed pitch­
Ing or plunging motion. As the inner bound­
ary moves with the airfoil, the gridllnes that 
connect the Inner and outer boundaries 
deform by amounts that depend on the dis­
tance from the airfoil. The total velocity of 
the flow at any point on the grid equals the 
local velocity of the deformation plus the 
velocity of the flow with respect to the grid. 
The geometriC conservation law can be In­
voked to calculate the effects of the 
change In the Jacobian of the transforma­
tion between the fixed cartesian grid and 
the moving computational grid due to the 
motion of the computational grid. 

The Inlet boundary conditions are as­
sumed to Include the free-stream total 
pressure and temperature. The direction of 
the flow across the upstream boundary Is 
approximated as that of a steady flow, 
using an upstream-running Riemann Invar­
Iant extrapolated from the Interior to give a 
nonreflectlng-boundary condition on the 
total velocity. The static pressure and den­
sity are found by assuming Isentropic flow, 
and the energy density is calculated as the 
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DEFORMING GRID FOR AN AIRFOIL 
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A Cascade II Rep ..... nted by a periodic grid that conforms to the airfoils and to the outer 
boundaries. The OSCillation of an airfOil Is represented by a deformation of the grid. 

sum of pressure and klnetlc-energy-densl- momentum density from the Interior and by 
ty terms. specification of a free-stream static pres-

The exit boundary conditions are found sure to calculate the energy density. (An 
by extrapolation of the mass density and exit Riemann Invariant cannot be specified 
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because it would vary across a viscous 
wake.) Other boundary conditions include 
the usual solid-wall boundary conditions on 
the airfoil surface and averaging of flow 
conditions across the slit aft of the airfoil. 

The results of test computations using 
the deforming-grid technique were found 
to agree well with results from an isolated­
airfoil calculation using a rigid grid. The in-

clusion of the geometric conservation law 
had little effect. Future applications of the 
deforming-grid technique may include tur­
bomachinery and aeroelastic modeling of 
nonrigid airfoils. 

This work was done by Dennis L. Huff of 
Lewis Research Center. Further informa­
tion may be found in NASA TM89800 [N87-
24435J, " Numerical Simulations of 

Unsteady, Viscous Transonic Flow Over 
Isolated and Cascaded Airfoils Using a De­
forming Grid. " 

Copies may be purchased [prepayment 
requiredJ from the National Technical In­
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. 
Rush orders may be placed for an extra fee 
by calling (800).336-4700. LEW-14711 

Predictions of Fatigue Damage From Strain Histories 
Cycle-by-cycle analysis is better than statistical characterization. 

Marshall Space Flight Center, Alabama 
A semiempirical mathematical model of 

fatigue damage in stressed objects uses 
experimental histories of strains in those 
objects to predict their fatigue lives. The 
model accounts for the initiation and prop­
agation of fatigue cracks on a cycle-by­
cycle basis. When the model is calibrated 
against proper test data for each type of 
object to be characterized, its predictions 
of fatigue lives are superior to those of 
such statistical models as one based on 
root-mean-square strain. 

An object to be characterized is instru-
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A Measured Strain History is first digitized, 
then converted to a history of turning-point 
strains for purposes of the analysis. The 
data between the turning points are not 
used. 
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mented with strain gauges and placed in 
operation or in a fatigue-testing apparatus. 
The strain measurements are digitized and 
fed to a computer operating under the 
Strain History Life Evaluation Program 
(SHLEP), which processes the measure­
ments according to the model. The first 
step in the analysis is to convert the input 
strain history to a history of turning points 
(peaks and valleys) of the strain cycles (see 
figure). The data between the turning 
points are irrelevant in the model and are 
removed, thereby significantly reducing 
the processing time and the number of 
data to be stored. 

Sets of strain cycles are selected for 
analysis by the ordered-overall-range 
method, in which the turning-point history 

is reduced to a history of strain ranges that 
exceed specified fractions of the range be­
tween the maximum and minimum peaks. 
This method gives an indication of whether 
or not a large fraction of the total fatigue 
damage in a particular case is caused by a 
relatively small number of cycles. 

The "rainflow" counting method is used 
to determine the number of fatigue cycles 
of various amplitudes after the strain 
history has been screened for significant 
ranges. This method involves the counting 
of cycles that are mathematically equiva­
lent to closed stress-versus-strain hystere­
sis loops. It is called "rainflow" because a 
graphical representation of the counting 
algorithm resembles the path of rain being 
shed by a plot of the turning-point strain 

There's 
almost nothing you 
can't test in Boeing 

w· nneIs. 

We have superb subsonic, transoniC, supersonic 
and hypersonic wind tunnels. All available for con­
tracting through Boeing Technology Services. For 
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history with time running downward along 
the vertical axis. 

For the purpose of the model, the fa­
tigue-crack-inltiation life is defined as the 
fatigue life required to produce a fatigue 
crack of a preselected depth. In a given 
case, strain-gauge data may have to be re­
lated via a stress-concentration factor to 
strains and stresses at a fatigue-critical 
location that cannot be instrumented but 
which is assumed to undergo strain cycles 
proportional to those of the Instrumented 
location. The fatlgue-crack-Initiation algo­
rithm is based on the strain range versus 
the number of cycles to failure from con­
stant-amplitude fatigue tests. For variable-

amplitude fatigue, the damage Is evaluated 
according to a damage fraction, d, given by 

m 

d = ~n/N/ 
/=1 

where m Is the number of strain cycles of 
all amplitudes in a history, nJ is the number 
of cycles of the jth amplitUde, and N/ is the 
number of constant-amplitude cycles to 
failure at the jth amplitude. 

The propagation of a crack Is consid­
ered to begin when the crack-Initiation al­
gorithm predicts Initiation, defined as the 
achievement of an arbitrarily-specified 
damage fraction between 0 and 1. The total 

fatigue life Is the sum of the initiation and 
propagation lives. Using linear elastic frac­
ture mechanics, the growth of the crack 
during each cycle is computed for each cy­
cle of a strain history. The sequence is re­
peated until the crack grows to a critical 
size at which the part falls. Both the total 
propagation life and the critical crack size 
are computed. 

This work was done by Robert A. Sire, 
Philip M. Besuner, and Tim Toomey of 
Failure AnalysIs Associates for Marshall 
Space flight Center. For further Informa­
tion, Circle 6 on the TSP Request Card. 
MFS-26060 

Measuring Laminar-Separation Bubbles on Airfoils 
~~ A nonintrusive multielement heat-transfer sensor overcomes limitations of previous methods. 

Langley Research Center, Hampton, Virginia 
Laminar separation is the major cause ,-----------------------------, 

of rapid deterioration in aerodynamic char­
acteristics of airfoils at chord Reynolds 
numbers less than 106. At such a chord 
Reynolds number, a boundary layer Is gen­
erally stable, and an adverse pressure gra­
dient, as in the rear pressure-rise area, Is 
most likely to result In a laminar separation 
with or without turbulent reattachment. 

A laminar-separation bubble is formed 
when a turbulent reattachment takes place 
upstream of the trail ing edge of the airfoil, 
as shown In the upper part of Figure 1. 
Many flow and geometric parameters af­
fect the laminar-separation bubble, and a 
good understanding of its characteristics Is 
essential to develop effective practical 
techniques to control or eliminate laminar 
separation. 

The lower part of Figure 11s a schematic 
diagram of a typical laminar-separation 
bubble. The bubble Includes a reverse-flow 
region close to the solid surface and a 
zero-mean line that divides the reverse­
flow region from the upper entrainment 
layer wherein the streamlines follow the 
general outer flow. The height of the bubble 
Is usually a small fraction of a percent of 
the chord. 

The smallness of the height and the 
complexity of the flow field make conven­
tional measuring Instruments like hot-wire 
anemometers and pltot tubes unsuitable 
for determination of the characteristics of 
the bubble because such Instruments can 
perturb the flow significantly. Laser velo­
clmetry Is perhaps the most-effective non­
Intrusive tE'chnique, though there are stili 
some problems associated with It. Flush­
mounted hot-film sensors have also been 
ineffective. 

A new non Intrusive technique Involves a 
multielement heat-transfer sensor. In tests 
of the new technique, only small amounts 
of heat were Introduced, and the heated 
thin films caused little disturbance to the 
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Figure 1. The New Technique Determines Simultaneously the extent of the laminar bound­
ary layer and the locations of laminar separation, transition In the separated layer, and turbu­
lent reattachment. 

shear layer or to each other. The extent of 
the laminar boundary layer, the location of 
laminar separation, the transition In the 
separated shear layer, and the turbulent re­
attachment were determined simultane­
ously. 

When using the new sensor, there Is no 
need to know a priori the location of the 
laminar separation; and, In view of the 
simultaneous measurement, a clear pic­
ture of the characteristics of the bubble, In­
cluding Its dynamic behavior, Is obtained. 
In the tests, simultaneous measurements 
of dynamic shear stress on the surface of 
the airfoil led to the discovery of a new 
phenomenon associated with the dynam­
Ics of the bubble - a 180° phase shift of 

lOW-frequency perturbations was observed 
across the laminar-separation and reat­
tachment points (see Figure 2). This pheno­
menon Is crucial to the detection of laminar 
separation by use of a multielement sen­
sor, and its discovery has greatly simplified 
and advanced the state of the art of multi­
element surface-film instrumentation as a 
diagnostic tool to study boundary layers 
and separated shear layers on an airfoil. 

The multielement, surface-film sensor 
appears to be a promising tool for meas­
urements of the stability of laminar bound­
ary layers, separated shear layers, and 
transitional separation bubbles. The tech­
nique Is simple and is capable of providing 
a comprehensive picture of the state of the 
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shear flow along the entire suriace. There 
is, thus, a significant saving in tunnel (or 
flight) test time with a corresponding sav­
ing in cost. 

The idea can be extended to the diag­
nostics of more-complex steady and un­
steady flow structures at the suriace, such 
as interactions between shocks and bound­
ary layers, winglfuselage junctures, and 
other three-dimensionai surface-shear 
layers. The discovery of the phase-reversal 
phenomenon has made it possible to inter­
pret the characteristics of the surface 
shear layer in an unambiguous manner 
and has led to the development of a non­
intrusive and cost-effective multielement 
sensor that can be used in regular wind­
tunnel, ground-test, and flight-test applica­
tions and may also lead to the discovery of 
more, hitherto unknown, phenomena in 
the characteristics of shear flows. 

This work was done by John P. Stack 
of Langley Research Center and 
Sivaramakrishnan M. Mangalam of Maly­
tical Services and Materials, Inc. For fur­
ther information, Orcle 109 on the TSP Re-
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phase shifts across the pOints of separation and reattachment. 

quest 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 14]. Refer to LAR-13952. 

Navier-Stokes Simulation of Turbine Rotor/Stator Interaction 
The patched-grid method is applied to a complicated configuration. 

Ames Research Center, Moffett Field, California 
The patched-grid method has been used 

to effect a three-dimensional Navier­
Stokes numerical simulation of a flow that 
interacts with both a rotor and a stator in a 
turbine. The ability to periorm such calcu­
lations can contribute to the understanding 
of complicated turbomachinery flows and 
to consequent improvements in deSigns of 
turbomachinery. 

The patched-grid method involves the 
use of two or more grids or sets of grids to 
solve the finite-difference versions of the 
Navier-Stokes or other equations of fluid 
flow. One grid or a set of grids is attached to 
the stationary portion of the machinery (in 
this case, the stator vanes and the 
housing), while another grid or set of grids 
is attached to the moving parts (in this 
case, rotating with the rotor blades and 
hub). Information is transferred between 
grids via boundary conditions that satiSfy 
several requirements including numerical 
stability, spatial and temporal accuracy, 
easy applicability to generalized coor-
dinates, and flux conservation (in the sense 
that discontinuities in the flow can move 
from one grid to another without distortion). 

A system of patched and overlaid grids 
was used to discretize the complicated 
three-dimensional configuration, including 
the three-dimensional shapes of the rotor 
and stator blades, the rotor-tip clearance, 
and the end walls. An implicit, upwind, 
third-order-accurate algorithm was used to 
solve the unsteady, thin-layer Navier-
Stokes equations. A modified version of the 

NASA Tech Brie fs , July 1989 

Theres 
almost nothing you 
can't test in Boeing 

acoustics labs. 

We have one of the world's best aeroacoustic 
laboratories. And it's available for contracting 
through Boeing Technology Services. For infor­
mation, call Chris MacRae at (206) 234-5000. 

BOEING 

Circle Reader Action No. 402 69 



Baldwin-Lomax algebraic model of turbu­
lence was Included. 

.About five blade-passage cycles were 
required to eliminate the Initial transients 
and establish a periodic solution. The nu­
merical results were expressed in terms of 
time-averaged pressures at the mldspans 
of the blades and compared with experi-

o 

-2 

-8 Numerical Simulation 
o Suction Side, Experiment 
<> Pressure Side, Experiment 

mental values. As shown in the figure, 
there was close agreement between theo­
ry and experiment. 

This work was done by Man Mohan Ral 
of Ames Research Center. Furlher Infor­
mation may be found in NASA TM-100081 
[N88-29750], "Three-Dimensional Navier­
Stokes Simulations of Turbine Rotor-Stator 
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Interaction. " 
Copies may be purchased [prepayment 

required] from the National Technicalln­
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. 
Rush orders may be placed for an extra fee 
by calling (BOO) 3364700. 
ARC-12185 
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Time-Averaged Pressure Coefficients as a function of position along the chords of the rotor and stator blades at midspan were obtained from 
a Navler-Stokes simulation and from an experiment. The comparison between the experimental and numerical data Is very good. 

Compression Pylon Reduces Interference Drag 
~~ A new design reduces total drag by 4 percent. 

Langley Research Center, Hampton, Virginia 
The propulslonlalrframe Integration for 

a transport airplane normally employs a 
pylon to attach and position the engine be­
neath the wing. The side of the fuselage, 
the underside of the wing between fuse­
lage and pylon, the Inboard surface of the 
pylon, and the nacelle of the jet engine 
form a channel that Influences the aerody­
namic flow under the wing. The result Is a 
loss in lift of the wing as well as an Increase 
in drag caused by compressibility effects 
(wave drag) plus any associated separa­
tion of the flow around the pylon. 

A new pylon reduces the fuselagelwingl 
pylonlnacelle~hannel compressibility loss­
es without creating additional drag asso­
ciated with other areas of the pylon. The 
pylon is designed to compress the flow be­
neath the wing by reducing the velocity in 
this channel, thereby reducing the shock­
wave losses and, In addition, providing an 
Increase In wing 11ft. The afterbody of the 
pylon extends aft of the trailing edge of the 
wing and is designed to assist the flow In Its 
return to ambient conditions with minimum 
separation. This additional pylon area may 
also improve the overall area distribution of 
the aircraft. 

70 

With the Compression Pylon, the minimum cross-sectional area of the channel occurs at the 
trailing edge of the wing. Therefore, the velocity of flow In the channel Is always nearly sub­
sonic, reducing the compressibility losses associated with supersonic flow. The flow goes 
past the trailing edge before returning to ambient conditions, resulting In no additional drag 
to the aircraft. 
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Recent wind-tunnel tests were conduct­
ed with pylons of various cross-sectional 
shapes mounted beneath the wing of a 
high-wing transport configuration. These 
tests were conducted in the NASA Langley 
Research Center 16-ft (4.9-m) wind tunnel 
at the cruise-lift coefficient of 0.43 and 
mach numbers of 0.70 and 0.80. Because 
earlier investigations have shown that the 
drag caused by the winglpylonlnacelle in­
stallation is due mainly to the pylon rather 
than to the nacelle, these wind-tunnel tests 
were conducted without nacelles. 

The photograph shows the lower surface 
of the wing with the compression pylon in­
stalled. By progressively increasing the 
thickness of the pylon from the leading 

edge to the trailing edge of the wing, the 
minimum channel area is made to occur at 
the trailing edge. As a result, nearly sub­
sonic velocities are maintained in this area, 
reducing the compressibility losses asso­
ciated with pylon installations. 

The installed drag for three different 
pylon configurations was determined. A 
pylon having a National Advisory Commit­
tee for Aeronautics (NACA) 0012 airfoil 
section was used as a baseline. Camber­
ing an NACA 4412 airfoil section caused a 
small increase in drag, while contouring 
the pylon (so that the pylon section followed 
the natural streamlines under the basic 
wing alone) resulted in a small decrease. 
The reduction in compressibility losses 

achieved by the compression pylon, on the 
other hand, resulted in a reduction of ap­
proximately 4 percent of the total drag of 
the aircraft model tested. 

This work was done by James C. 
Patterson, Jr., and John R. Carlson of 
Langley Research Center. For further in­
formation, Orcle 53 on the TSP Request 
Card. 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent 
('"ounsel, Langley Research Center [see 
page 14]. Refer to LAR-13777 

Upwind Swirl Coupling in Navier-Stokes Calculations 
Convergence in axisymmetric fl ows is speeded . 

Marshall Space Flight Center, Alabama 
An improved treatment has been devised and d(BVW)ldV are large. < 0, the source term is treated implicitly, 

and the numerical solution converges bet­
ter than it would if the source term were 
treated explicitly. 

for the swirl-coupling source terms in finite- To increase convergence, the radial 
difference Navier-Stokes calculations of and swirl source terms are treated in an 
axisymmetric flow. The essence of the im- implicit or explicit manner, depending on 
provement is to treat the radial- and swirl- the sign of the linearization coefficient. The 
velocity source terms in an implicit manner source term for equation (2) is written as 
wherever possible, because implicit treat- 2BVW = BV(1 - e)W* + BV(1 + e)Wn 
ment results in faster convergence and in 
convergence in some cases in which ex­
plicit treatment does not yield conver­
gence at all. 

where e = sign(BV). A similar expression 
is written for equation (1). Thus, when BV 

This work was done by Morgan Williams 
of Rockwell International Corp. for Mar· 
shall Space Flight Center. No further 
documentation is available. 

The discretized radial and swirl momen­
tum equations are written as 

a;'vf+a;+,'vf:,+a;_, 'vf*_, = Sa+AW' 
and 
a;W;+a;+,W;*+,+a;_, Wt_, = S~+BVW 

for all i from 1 to imax, where V represents 
the radial velocity; W represents the swirl 
velocity; asterisks den6te the predicted 
values; the subscript indices represent the 
locations of the nodes; the a's are the 
discretization coefficients; Sa and S~ are 
the radial- and swirl-equation source 
terms, respectively, at the old iteration 
level; and AW' and BVW are the swirl­
coupling terms. 

Equations (1) and (2) constitute an im­
plicit system for the predicted velocities V* 
and W*. Because segregated solutions of 
these equations do not account for the in­
terdependence of the sources, conver­
gence can be impeded where d(A~/dW 

For Your Convenience 
We've now combined the 
Subscription/TSP Form and 
the Reader Action Card into 
a single, easy-to-use form. 
See page 81. 
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There's 
almost nothing you 
can't test in Boeing . 

propulsion 

We have excellent nozzle test facilities, dual flow 
rigs, propulsion integration wind tunnels and 
more. And they're all available for contracting 
through Boeing Technology Services. For infor­
mation, call Chris MacRae at (206) 234-5000. 

BOEING 
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Machinery 
Books and Reports 74 Predicting Flutter of a 

Propfan 
72 Microencapsulated Phase­

Change Materials for 
Storage of Heat 

73 Survey of Cooling 
Techniques 

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

Microencapsulated 
Phase·Change Materials 
for Storage of Heat 
Investigations concentrate on 
the feasibility of practical, 
safe, lightweight systems. 

A report describes research on engi­
neering issues related to the storage and 
transport of heat in slurries containing 
phase-change materials in microscopic 
capsules. The specific goal of this project 
is to develop lightweight, compact, heat­
management systems that could be used 

safely in the inhabited areas of spacecraft. 
Further development of the obvious poten­
tial of this technology can be expected to 
lead to commercialization and use in air­
craft, electronic equipment, machinery, in­
dustrial processes, and other systems in 
which the requirements for the manage­
ment of heat compete with severe restric­
tions on weight or volume. 

The basic principle of operation is sim­
ple: to reduce the size and weight of a heat­
transport/heat-storage system by taking 
advantage of the high density of the latent 
heat of fusion of a material that melts and 
freezes near the temperature of interest. 
Techniques that exploit this principle have 
been investigated since 1932. Work on the 
microencapsulationlslurry concept began 
in the early 1970's but was abandoned be­
cause of concerns over costs and the pre­
mature breakup of the capsules. 

For the purposes of this investigation, 
the choice of materials for the slurry is dic-

LakeShore 

72 

IHC 

64 East Walnul Street. Westerville. Ohio 4308t USA (6t 4) 89t -2243 
Telex ' 24-5415 Cryotron WTVL Fax: (614) 891-1392 
c, t989 Lake Shore Cryotronics, Inc. 
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tated not only by heat-transfer characteris­
tics but also by the requirements that the 
materials not be toxic, pose no fire hazard, 
undergo little or no change of volume in the 
phase change, and be chemically stable. 
Also of interest are the rheological proper­
ties of the slurry and the specific gravities 
of the components (with the consequent 
tendency of the capsules to separate from 
the liquid in the presence of gravitation and 
acceleration). The durability of the cap­
sules (partly a function of size and shape 
and partly a function of the materials) and 
the costs of materials still give rise to con­
cern as they did during the earlier in­
vestigations. A typical candidate slurry that 
may fulfill most of the requirements could 
be made of a paraffin wax in polymer cap­
sules suspended in water. A soap or other 
dispersant could be added to prevent the 
settling or flotation of the capsules. 

The investigation also addressed a num­
ber of other topics, including the following: 
• O1aracteristics of the processes and ma­

terials used in microencapsulation; 
• The storage of heat in modules containing 

packed beds of phase-change particles 
through which phase-change slurries are 
circulated; 

• Procedures to test the slurries; 
• The development of pumping systems; 
• Laboratory data-gathering and experi­

mental fluid systems; and 
• The design of experiments to be flown 

aboard the Space Shuttle. 
The achievements include the demonstra­
tion of a slurry with a thermal capacitance 
10 times that of water and a heat-transfer 
coefficient twice that of water. AA efficient 
phase-change heat-storage unit was de­
signed, and it was shown that the pump 
work required to maintain a given overall 
thermal condition can be reduced as much 
as 90 percent below that of a comparable 
system based on water alone. In addition, 
the enhanced transport and storage of 
heat in a phase-change slurry take place 
under conditions that are nearly isothermal 
in comparison with those of older systems. 

This work was done by David P. Colvin of 
Triangle Research and Development Corp. 
for Marshall Space Flight Center. To ob­
tain a copy of the report, "Investigation and 
Development of a Phase Change Thermal 
Energy Storage System USing Microen­
capsulated Phase Change Materials," Cir­
cle 10 on the TSP Request Card. 
MFS-27198 
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Survey of 
Cooling Techniques 
Methods of maintaining 
electronics at the best 
operating temperatures 
are reviewed. 

A paper surveys cooling techniques for 
electronic components and sensors that 
must be kept at temperatures ranging from 
thousandths of a kelvin to room tempera­
ture.The paper discusses the characteris­
tics of the various coolers in terms of 
ground and space applications, cooling ca­
pacity, rel iability, and temperature range. It 
discusses briefly the cooling of convention­
al electronic circuitry operating a few de­
grees above the environmental tempera­
ture by natural or forced convection of air 
or liquid. At greater length, it discusses the 
passive and active refrigeration of "cold" 
electronic circuitry operating below the en­
vironmental temperature. 

The simplest and most reliable cooler is 
a passive radiator. Radiators are seldom 
used at temperatures below 100 K when 
the heat load is more than 100 mW be­
cause the radiative area requ ired be­
comes too large. 

Other passive coolers depend on such 
stored cryogens as helium or nitrogen in 
solid or liquid form. As in melting in an old­
fashioned ice box, vaporization or sublima­
tion of the cryogen removes heat. The use­
fullife of a stored-cryogen cooler depends 
on how quickly the cryogen becomes ex­
hausted, if it cannot be replenished. The 
paper includes a table of operating temper­
atures and boiloff rates of common cryo­
gens. 

The Joule-Thomson refrigerators are 
half passive and half active. They cool by 
expansion of high-pressure gases through 
nozzles. They can be made very small. 
However, they depend on constant sup­
plies of gas at high pressures. 

Active coolers (closed-cycle refrigera­
tors) are machines that require work to 
transfer heat from devices to hotter reser­
voirs. In household refrigerators, the work 
is done by electric motors. Commercial 
thermoelectric coolers in cascade can at­
tain temperatures of about 170 K. Cryo­
coolers, which are fairly well developed, 
can cool to about 4 K. 

Cooling below 10K is best performed by 
a closed-cycle Joule-Thomson refrigerator 
or a magnetic refrigerator, which involves 
changing the magnetic field in a salt. Below 
1 K, either 3t1e/4He dilution refrigeration or 
adiabatic demagnetization can be used. 

This work was done by Chung K. Chan 
of Caltech for NASA's Jet Propulsion 
Laboratory. To obtain a copy of the report, 
"Survey of Cooling Techniques for Elec­
tronic and Sensor Devices," Circle 158 on 
the TSP Request Card. NPO-17457 
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ARE YOUR IDEAS AHEAD 
OF OUR TIME? 

Stonehenge, one of the most famous of all the classical megalith monuments, has long been 
an important part of the popular and scientific imagination. Its origin has been the cause of 
speculation for years, as scientists try to discern who had the intellect and ingenuity to 
create a celestial observatory of such astronomical significance and exactness. 

The construction of Stonehenge required remarkable genius and ability - and so will the 
endeavors we have planned at General Dynamics Space Systems Divi ion. 

You can now be a part of our exciting time in history. You r ideas and accomplishments 
could be chronicled for future generations to study as hallmarks of a brilliant epoch in !>pace 
exploration. 

We currently have opportunities available for individuals with a technical degree or the 
equivalent combination of formal education and relaled experience. Government or aerospace 
industry background is preferred. 

If you have experience in one or more of the areas listed below, please send your resume to: 
Professional Staffing, GENERAL DYNAMICS SPACE SYSTEMS DIVISION, MZ 21-7 143-1434, 
P.O. Box 85990, San Diego, CA 92 138. (Opportunities also exist in Huntsville, AL, Harlingen, 
TX, Cape Canaveral Air Force Station, f'L, and Vandenberg Air f'orce Base, CA.) 
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Predicting Flutter of 
a Propfan 
Stability decreases as the 
number of blades increases. 

A report discusses a theoretical model 
and an associated computer program for 
the prediction of subsonic bending-torsion 
cascade flutter in propfans. The predic­
tions of the model are compared with the 
results of experiments. Additional parame­
tric studies illustrate the effects upon the 
flutter speed of steady aeroelastic defor­
mations, the angle at which the blade is 
set, the speed of rotation, structural damp­
ing, and the number of vibrational modes. 

The nonlinear equations of aeroelastic 
motion are written for a finite-element mod­
el of a blade. They are valid for calculating 
the speeds of stalled and unstalled flutter, 
forced response, aeroelastic perform­
ance, steady-state deflections, and the fre­
quencies and shapes of vibrational modes. 
Because it is computationally inefficient to 
integrate them directly in the time domain, 
the nonlinear equations are treated by a 
standard perturbation approach, yielding a 
nonlinear set of equations for the steady­
state configuration and a linear set for the 
perturbations about the steady state. The 
steady-state deflections and effective total 
stiffnesses obtained from the solution of 

the nonlinear equation are used to find the 
normal vibrational modes. The general vi­
bratory motion is calculated as a superpo­
sition of normal modes. 

The calculations are performed by parts 
of the ASTROP computer code: ASTROP 
2, based on two.<Jimensional, subsonic, 
unsteady aerodynamics; and ASTROP 3, 
based on three-dimensional, subsonic, 
steady and unsteady aerodynamics. In 
ASTROP 2, the blade is divided into dis­
crete aerodynamic strips, within each of 
which its properties are constant. Each 
swept strip undergoes plunging and pitch­
ing motions. In ASTROP 3, the blade is dis­
cretized with nine (radial) times eight 
chordwise panels for calculating aerody­
namic loads. 

In general, the flutter speeds and inter­
blade phase angles predicted by the com­
puter code agree well with experimental 
values. However, the flutter frequencies 
predicted by a three-dimensional , un­
steady aerodynamical theory are slightly 
higher than measured ones, and those pre­
dicted by two-dimensional theory are less 
accurate than are those predicted by 
three-dimensional theory. Other findings in­
clude the following: 
• Steady-state aerodynamics exert signifi­

cant influence on the steady-state config­
urations, vibrational modes, and flutter in 
some cases. 

• Both theory and experiment shoo that 
stability decreases with an increase in the 
number of blades, apparently due to ef­
fects of cascades. 

• Both theory and experiment shO'N that an 
increase in the angle at which the blade is 
set is destabilizing. 

• For the rotor considered, the flutter mode 
is dominated by the first two normal vibra­
tional modes of the blades, and there is 
strong coupling between these modes. 

• Both theory and experiment shoo that 
under certain conditions, two interblade­
phase-angle modes with slightly different 
frequencies may be present during flutter. 
The flutter interblade phase angle is a 
function of the angle at which the blades 
are set and of the number of blades. 

This work was done by K. R. V. Kaza and 
0. Mehmed of Lewis Research Center, 
G. V. Narayanan of Sverdrup Technology, 
Inc., and D. V. Murthy of the University of 
Toledo. Further information may be found 
in NASA TM88944 [N87-181151NSP], "An­
alytical Flutter Investigation of a Composite 
Propfan Model. " 

Copies may be purchased [prepayment 
required] from the National Technical In­
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. 
Rush orders may be placed for an extra fee 
by calling (BOO) 336-4700. 
LEW-14659 
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NON, ANODIZING BEFORE 
FABRICATION 
Pre-Anodized Aluminum creates 
an explosion of new applications. 
It's being used right now to replace: 
Brass Stainless 
Bronze Hard-coats 
Copper Painted Surfaces 

IT'S ECONOMICAL 

As a lightweight metal, pre-anodized 
aluminum helps you save. Save 
50% in material handling alone, 
and triple your yield per pound. 
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COIL IS YOUR SINGLE SOURCE 

From base metal to fabricating and 
finishing, Coil Anodizers is the 
world's largest single source for 
pre-anodized aluminum. 
Call or write for a 
FREE brochure, or 
send $4.00 
for a complete 
"Engineer's 
Guide" to .. 

COIL ANODIZERS INC. 
1960 S. Roberts / Muskegon. MI49442 
1·800·654·1159 
In Mich. 616-722-1631 
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Chemical-Vapor Deposition of Cd1_ xMnx Te 
An experimental process makes films with interesting 

!~ magnetic and magneto-optical properties. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

Films of the dilute magnetic semicon­
ductor alloy Cd 1_.Mn.Te have been de­
posited on glass and GaAs substrates by 
metalorganic chemical-vapor deposition 
(MOCVD). Devices made with Cdl _~nie 
films are known to exhibit strong photolu­
minescence, stimulated emission , and 
magnetically-tunable lasing action. In addi­
tion, the energy-band gaps of such a ma­
terial can be tailored by altering its compo­
sition - a property that gives flexibility in 
the development of high-efficiency cas­
cade solar photovoltaic cells. 

Dilute magnetic semiconductors have 
been previously deposited by molecular-

beam epitaxy, which requires a high vacu­
um. MOCVD can be performed at a[mos­
pheric pressure, resulting in more-uniform 
films, covering a larger area, and enabling 
a higher production rate. 

The experimental deposition system 
was contained in a horizontal quartz reac­
tor tube equipped with a graphite suscep­
tor heated by radio-frequency energy. The 
source of cadmium was dimethylcadmium 
(DMCd) held at a temperature of O°C, and 
the source of the tellurium was diethyltel­
lurium (DETe) at 27°C. The DMCd and 
DETe were carried into the tube by highly 
pure H2. 
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Figure 1. The Optical Transmissions of Cd1_.Mn Te films were measured and plotted as a 
function of wavelength to find the photon energy ~hat equals the band-gap energy. 
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Figure 2. The Photoluminescence Spec­
trum of a specimen of CdO.75M"o.25 Te at a 
temperature of 10 K has a full width at half 
maximum of about 33 meV, indicating that 
the film has good crystalline quality. 

The source of Mn was tricarbonyl(meth­
ylcyclopentadienyl) manganese (fCPMn), 
which is a liquid at room temperature. The 
hydrogen was bubbled through the TCPMn, 
which was heated to various temperatures 
between 120 and 140°C to control the 
vapor pressure and, consequently, the 
concentration of the TCPMn. The tubes 
and valves carrying the TCPMn-laden H2 
and the front end of the reactor tube were 
heated to about 100°C to prevent the 
TCPMn from condensing on them. The sub­
strates were heated to temperatures of 410 
to 450 OC, at which the metalorganic com­
pounds decompose. 

A series of depositions was made on 
glass substrates, and the optical transmis­
sions were measured to determine the en­
ergy-band gaps, Eg (see Figure 1). Using 
the previously-known relation Eg = 1.50 + 
1.34x eV, it was then possible to determine 
the mole fractions, x, of Mn. X-ray diffrac­
tion scans of Cd1_ xMn.Te films grown by 
MOCVD on GaAs matched those of Cd1_ i 
MnxTe grown on GaAs by molecular-beam 
epitaxy. These films exhibited strong photo­
luminescence at temperatures of 10 to 15 
K (see Figure 2). 
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Thomson Saginaw ball screw actuators ... 
when only the best will do. 

A machine's performance is only as good as its 
components. That's why Thomson Saginaw ball 
screws have been specified most in demanding 
aviation and aerospace applications since 1941. 

Today, Thomson Saginaw is the new name for 
high-efficiency linear actuators - products formerly 
manufactured by the Actuator Products Group, 
Saginaw Division, General Motors Corporation. Now 
Thomson Saginaw is making machines more reliable 
in the manufacturing plant as well. 

Operating at over 90 percent efficiency, 
Thomson Saginaw ball screws convert rotary motion 
to linear motion. Assemblies come in telescoping or 
miniature designs, with ground or rolled threads, or 
even lightweight tubular screws. Diameters range 
from 3/16 inch to 4 inches. 

From milling machines to flying machines, the 
names "Thomson" and "Saginaw" are synonymous 
with reliable, quality performance. We welcome your 
inquiries. For a copy of our new catalog - or for 
expert application assistance - call us at (517) 
776-4123. 
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Or write Thomson Saginaw Ball 
Screw Company, Inc., Box 9550, 
Saginaw, MI 48608. Telex: 71425543. 
Fax: (517) 776-3632. 

THOIII/SON SAGINAW 
First in Linear Actuator Technology 



Although CdTe films have smooth, mIr­
rorlike surfaces, the addition of Mn some­
times causes ripples with dimensions of a 
few thousand Angstroms and a hazy ap­
pearance. However, better control of proc­
ess conditions should eliminate these im-

perfections. 
This work was done by Akbar Nouhi and 

Richard J. Stirn of Caltech for NASA's Jet 
Propulsion Laboratory. For further infor­
mation, Circle 490n 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 Coun­
sel, NASA 's Jet Propulsion Laboratory [see 
page 14}. Refer to NPO-17399. 

Making a Precisely Level Floor 
A sequence of pouring operations ensures flatness and smoothness. 

Marshall Space Flight Center, Alabama 
A floor-pouring procedure yields a large 

surface that is level, smooth, and hard. The 
method has been used to fabricate a 
1,200-ft2 (111-m2) floor that varies locally in 
elevation less than 0.015 in. in 16 horizontal 
in. (0.038 cm in 0.41 horizontal m) and 
slopes less than 20 s of arc from side to 
side. 

The floor supports a 1,500-lb (680-kg) 0b­
ject on air bearings. The floor must be ex­
tremely level so that the object does not 
drift. The floor must also be extremely 
smooth so that an air-bearing gap of only 
0.002 in. (0.0051 cm) can be maintained for 
adequate stiffness of the bearing. 

The floor is made of a self-leveling, slow­
curing epoxy with added black pigment. 
The epoxy is poured to a thickness no 
greater than 0.33 in. (0.84 cm) on a con­
crete base. The base floor should be 
seasoned, reasonably smooth and level, 
and at least 4 in. (10 cm) thick. The base 
should rest on a thermal barrier of gravel or 
cinders and should contain no steel plates, 
dividers, or bridges so as to minimize ther­
mal distortion. 

A metal retaining wall surrounds the 
base. The wall should be at least V2 in. (1.3 
cm) higher than the poured floor. It should 
be sealed to contain the freshly poured 
mixture of epoxy and pigment and strong 
enough to absorb bumping by the object 
on the air bearings. 

During pouring, two formulating ma­
chines supply epoxy through hoses while 
workers direct the flow. Workers continual­
ly supply the machines with raw materials 
until the job is done. A crew of 14 workers 
can pour the floor in 1 V2 h. 

Even a self-leveling epoxy cannot 
spread itself out uniformly over such a 
large area. Accordingly, before pouring, 
the workers mark off the concrete subfloor 
with a grid of 3- by 3-ft (0.91- by 0.91-m) 
squares and partial squares (see figure). 
They surround a square or partial square 
with a sand-filled tube and fill it with the 
epoxy mixture, counting pulses from the 
pump to meter the correct amount. At the 
flow rate of about 6.3 in.3 (103 cm3) per 
pulse, 68 pulses furnish the approximate 
amount of material for one square. 

When a square or partial square has 
been filled, workers quickly rearrange the 
sand-filled tube to surround an adjacent 
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A Grid Defines Incremental Areas for pouring the epoxy floor. Workers use the block num­
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square or partial square and fill it with the 
number of pulses necessary to cover the 
increment of area. Two groups of workers 
systematically fill blocks starting at oppo­
site sides of the floor, each using a hose 
from one of the two formulating machines. 

When all blocks have been filled, the 
machinery is turned off to minimize vibra­
tion and avoid kicking up dust while the 
epoxy cures. Meanwhile, workers elimi­
nate air bubbles that rise to the surface. 
Moving on a catwalk suspended over the 
floor, they direct hot-air guns on extension 
handles into the bubbles to burst them. 

The newly poured floor is then left totally 
undisturbed - even by strong air cur­
rents - for 10 days. Another 20 days of 
hardening should be allowed before heavy 
loads are placed on the floor. 

This work was done by William G. 
Simpson, William H. Walker, Jim Cather, 
John B. Burch, Keith M. Ciark, and Dwight 
Johnston of Marshall Space Flight Cen­
ter and David E. Henderson of Sperry­
Rand Corp. For further information, Circle 
56 on the TSP Request Card. 
MFS-28306 
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Top Gun: The Real Story the battle for the South Pacific dur­
ing WWII. Explosions, machine-gun 
fire, and torpedo launches. Color. 40 
minutes. ($19.95) 

Top Gun, America's best aviators, 
train for perilous air-to-air combat in 
this thrilling video, which features 
actual dogfights, crashes, and MIG 
confrontations. Color. 35 minutes. 
($19.95) 

Skydiving-The Ultimate Thrill 
All aspects of skydiving-from 
preparation, jumping and freefall to 
stunts and landings-are covered, 
with close-up photography. Color. 
30 minutes. ($19.95) 

Striking Back 
Large radio-controlled models of air­
craft, tanks, and ships recreate 

8-17: The Flying Fortress 
See actual footage of the plane 
used most often in the raids over 
Germany. Includes interviews 
with the men who flew over 
Europe. Color/BW. 30 minutes. 
($19.95) 

The History Of Flight 
Produced by NASA, this exciting 
videotape examines man's quest 
to fly farther, faster, and higher. 
Includes footage of the Wright 
Bros., Charles Lindbergh, and 
other Innovators. Color/BW. 30 
minutes. ($31 .95) 

Touch The Sky 
Christopher Reeve goes Inside 
the cockpit with the world's 
fastest and most spectacular 
stunt flying team, the Navy's 
Blue Angels. Color. 60 minutes. 
($34.95) 

Space Shu"le­
Satellite Rescue 
You're a part of the action as the 
Space Shuttle Columbia's crew 
rescues and repairs an Injured 
satellite. Color. 30 minutes. 
($19.95) 

Apollo XI ••• The Eagle Has 
Landed 
Clips of America's trium­
phant lunar landing. Produc­
ed by NASA, using actual 
commentary and footage by 
the astronauts. Color. 30 
minutes. ($19.95) 

Landing On Mars 
Actual Martian landscape 
captured in close-up, ground­
level photography from the 
Viking mission . Color. 30 
minutes. ($19.95) 
NASA: The 25th Year 
Traces the steps of the Ex­
plorer I, Mercury, Gemini, 
Apollo, Viking, Voyager, 
Skylab, Space Shuttle, and 
Space Station programs. Col­
or. 50 minutes. ($29.95) 

The Universe: A Journey 
Through Space And Time 
Journey to the Milky Way Galaxy 
and beyond. Investigate the 
origin of the universe, pulsars, 
black holes, and more. Narrated 
by William Shatner. Color. 30 
minutes. ($29.95) 

The Voyager Missions 
Travel a billion miles to Jupiter, 
Saturn, and Uranus, as seen 
through the eyes of the Voyagers 
1 and 2. Explore the planets, their 
rings and moons. Color. 28 
minutes. ($29.95) 

Rush me the following VHS videotapes: (indicate quantity) 

___ Top Gun ($19.95) ___ Skydiving (519.95) 

_ _ _ B·17: The Flying Fortress ($19.95) 

___ Space Shuttle Satellite Rescue ($19.95) 

_ __ NASA: The 25th Year ($29.95) 

___ Striking Back ($19.95) 

___ History of Flight ($31.95) 

-Apollo XI ($19.95) 

_ _ _ The Universe ($29.95) 

_ _ _ Touch th e Sky (535.95) 

___ Landing On Mars (519.95) 

___ The Voyager Missions ($29.95) 

I have enclosed $ ______ plus $3.00 for postage and handling. Total enclosed: $ ______ (NY residents add sales tax) 

Name __________________________________________________________________________________________________ _ 

Company ----------------------------------------------------------------------------------------________ _ 

Address ________________________________________________________________________________________________ ___ 

Clty _____________________________ ~State _____ J_Zip,------_____ _ 

Send check or money order to : NASA Tech Briefs, Dept. F,41 East 42nd Street, New York, NY, 10017 



Making Multicore, Multishell Microspheres 
Multiple streams of fluids would be combined to produce various structures. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
Spherical or nearly spherical micro­

shells containing two or more discrete in­
clusions, like eggs with more than one yolk, 
would be produced by a proposed tech­
nique. For example, a glass shell might 
hold a bubble of hydrogen adjacent to one 
of oxygen. 

If desired, the spheres could be de­
signed so that the cores combine to mix or 
react only after leaving the shell generator. 
Similarly, two or more shell-wall materials 
could mix or react after leaving the genera­
tor. 

Nozzle 
for Sheath 

The technique would involve two (or 
more) pairs of coaxial nozzles (see figure). 
The converging jets of fluids from the sepa­
rate nozzles would combine by surface ten­
sion, forming a liquid bridge of dog-bone­
shaped cross section. The stream would 
eventually contract into a round cross sec­
tion and break up into droplets. The appa­
ratus could deliver one, two, or more differ­
ent outer-shell-material streams with one, 
two, or more different core materials, each 
entrained in its own outer stream. 

Pairs of Coaxial Nozzles would be combined in arrays of two or more. Each pair of nozzles 
would generate an inner jet surrounded by a sheath of fluid. The multiple jets would combine 
to form droplets composed of shells and cores. 

The droplet shells would solidify by 
freezing or by chemical reaction. The shell 
would be more or less spherical, but the 
precise shapes would depend on center­
ing forces, surface tensions, tempera­
tures, and aerodynamic and gravitational 
forces acting on the falling droplets. The 
extent of mixing or reaction of the shell and 

filler materials would depend on such prop­
erties of the materials as the viscosity and 
surface tension and on such controllable 
system parameters as the temperature, 
velocities, and volumes of the droplets. 

tion, Circle 44 on the TSP Request Card. 
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This work was done by Andrew D. 
Morrison of Caltech for NASA's Jet Pro­
pulsion Laboratory. For further informa-

This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent 
Counsel, NASA Resident Office.JPL [see 
page 14]. Refer to NPO-17203. 

Sleek New Design 
In response to your suggestions, 
we've combined the 
Subscription/Technical Support 
Package Form and the Reader Action 
Card into a single convenient form. 
Now you can renew your 
subscription, order TSPs, and 
request product information - all in a 
single stroke. 

NASA Tech Briefs, July 1989 



Circularity-Measuring System 
A shape gauge is designed especially for use on large objects . ~ 

---------------------------------------------~ Marshall Space Flight Center, 
Alabama 

A shape gauge and an associated com­
puter constitute a system that measures 
the deviations of large cylinders from 
roundness. Intended originally for use on 
the solid rocket boosters of the Space 
Shuttle, the system can also be used to 
measure the straightness, roundness, or 
complicated shapes of such large geomet­
rical objects as the surfaces of aircraft and 
the hulls of ships. 

The gauge (see Figure 1) has arms with 
two fixed end points, the distance between 
which is precisely 36 in. (914.4 mm). An 
outwardly-spring-Ioaded probe slides 
along the perpendicular bisector of the line 
between the fixed points and measures 
small displacements within 0.0001 in. 
(0.0025 mm). Roll and pitch sensors help 
the technician to level the gauge for max­
imum accuracy. Pins can be attached to 
the arms near the end points and to points 
near the probe, to mate with guide holes (if 
provided) in the object to be measured. 

The technician measures the displace­
ments at a sequence of positions around 
the circumference of the object. This could 
be done most conveniently by using the 
guide pins and indexing the gauge to a cir­
cumferential string of guide holes. The 
measured displacements are sent to the 
computer. 

For each measurement, the portion of 
the measured surface between the end 
points can be approximated by the circular 
arc tangent to the end points and to the end 
of the probe. The computer calculates the 
arc for each measurement. It pieces to­
gether the arcs from the sequence of mea­
surements to obtain a curve, consisting of 
circular-arc segments, that approximates 
the measured surface (see Figure 2). 

This work was done by Walter B. Whippo, 
G. R. RohrKaste, and John E. Miller of Mor­
ton Thiokol, Inc., for Marshall Space 
Flight Center. For further information, Cir­
cle 129 on the TSP Request card. 

Inquiries concerning rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 14]. Refer to 
M FS-28313 (See page 84 for Figure 2) 

Are you reading 
someone else's copy? 
Get your own copy by filling in 

the qualification form bound into 
this issue_ 
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TECHNICIAN PREPARING TO INSERT GAUGE IN GUIDE HOLES 

Figure 1. Shaped and Held Somewhat Like a Crossbow, the shape gauge measures the rela­
tive locations of three points on the surface of a large, round object. By making a connected 
series of measurements around the periphery, a technician using the gauge can determine 
the deviation of the object from perfect circularity. 

83 



WoVIS·IR 
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SUPERCONDUCTOR 
RESEARCH 
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Liquid Transfer Systems 

Closed Cycle Refrigerators 

Multiple Pin Leadless 
Carrier Dewars 
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Custom Systems 

Engineering/Design 
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Figure 2. The Shape of the Object is approximated by piecing together the circular arcs com­
puted from the sequence of measurements around Its periphery. 

Keeping Wax Liquid for Application 
An applicator gun prevents wax from congealing prematurely. 

Marshall Space Flight Center, Alabama 
A "hot gun" applies masking wax and 

similar materials in a liquid state, unlike 
conventional methods of application. The 
gun, available commercially for applying 
hot glue, can be used to ensure that the 
wax penetrates and fills holes, flow pas­
sages, and manifold passages so that con­
tamination is sealed off during manufactur­
ing operations. 

The usual method of applying masking 
wax is to spoon or pour it in liquid form from 
a hot pot into a hole. However, the wax 
starts to solidify as soon as it leaves the pot. 
When it reaches the hole, much of it is in a 
solid or near-solid state. It adheres poorly 
to the wall of the hole, and it flows slug­
gishly into the hole. Often, the hardening 
wax must be pushed into the hole. As a re­
sult, the seal Is imperfect, and repeated ap-
plications are needed. Meanwhile, an ex-

cess of wax builds up and must be removed 
for inspection of the seal. 

With the hot gun, in contrast, the holding 
chamber and the nozzle supply continuous 
heat to the wax, and the wax can be in­
jected directly Into the hole as a liquid. 
Nozzles of various sizes can be inter­
changed so that one can select a nozzle 
that has an opening suited to the viscosity 
of the wax and the size of the hole in a par­
ticular application. The trigger mechanism 
of the gun meters the wax so that excess 
material does not build up. The hot gun is 
fast, eliminates repeated application, and 
greatly reduces cleanup time. 

This work was done by Russell V. Meyer 
of Rockwell International Corp. for Mar· 
shall Space Flight Center. No further 
documentation is available. 
MFS-29238 
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Automatic Parametric Testing of Integrated Circuits 
A software system generates its own test instructions and teaches itself new tests. 

NASA's Jet Propulsion Laboratory, Pasadena, Californ ia 

A computer program for parametric test­
ing saves time and effort in research and 
development of integrated circuits. The 
software system automatically assembles 
various types of test structures and lays 
them out on a silicon chip, generates a se­
quence of test instructions, and interprets 
the test data. The system employs self-pro­
gramming software; it needs a minimum of 
human intervention. It can be adapted to 
the needs of different laboratories and can 
readily accommodate new test structures. 

The designer of an integrated circuit de­
cides on the type and number of test struc­
tures - transistors of various polarities 
and sizes, split-bridge resistors, van der 
Pauw crosses, and the like. With this infor­
mation, the system automatically gener­
ates the geometrical specifications for the 
test structures that are to be built into the 
integrated circuit. The specifications are 
used to fabricate silicon wafers containing 
the circuit (see figure). Meanwhile, the sys­
tem produces instructions for testing the 
chip. 

If the engineer devises a new test struc­
ture, the system teaches itself how to speci­
fy and layout the new structure and deter­
mines how it should be tested. The engineer 
merely adds a few lines about the new struc­
ture in a declaration file; the engineer does 
not have to make any changes in the test­
program-generator portion of the software. 

The program reduces the large amount 
of data on the structures to statistical sum­
maries for individual wafers and for entire 
lots of wafers. Additional programs use the 
statistical summaries to perform such tasks 
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The Parametric-Testing Software System proceeds from the engineer's selection to contro l 
automatically the fabrication of test structures in integrated circuits, the operat ion of the 
testing equipment, and the analysis of the test data. The system also produces program list­
ings in easily read form. 

as high-level analysis, extraction of param­
eters, and mapping of wafers. 

The program codes are designed to be 
adaptable to most computers and test 
equipment now in use. They are written in 
high-level languages to enhance transport­
ability. 

This work was done by Glenn A. 
Jennings and Cesar A. Pina of Caltech for 
NASA's Jet Propulsion Laboratory. For 
further information, Circle 68 on the TSP 
Request Card. 
NPO-16783 

These reports, studies, handbooks are availabl e from 
NASA as Technical Support Packages (TSP's) when a Re­
quest Card number is cited; otherw ise they are available 
from the National Technical Informat ion Service. 

nique to transient-heat-transfer problems 
in one dimensional cylindrical coordinates 
and two and three dimensional Cartesian 
coordinates and to some nonlinear prob­
lems in one or two Cartesian coordinates. 

As an application of the finite difference 
technique, the linear, two-dimensional 
CarteSian, transient, diffusion-type equa­
tion for temperature in an isotropic medi­
um is treated by the classical method of 
separation of dependent variables. The 
separated-variable ratio that contains the 
temporal derivative leads immediately to 

Exponential Finite­
Difference Technique 

Various partial differential 
equations are solved 
numerically. 
NASA Tech Bnefs. July 1989 

A report discusses the use of an explicit 
exponential finite-difference technique to 
solve various diffusion-type partial differen­
tial equations. Previously, the technique 
was applied only to transient-heat-transfer 
problems in one dimensional Cartesian co­
ordinates. This study extends the tech-
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Macsyma® ... 
the most powerful 
math software 
in the world of 
mainframes, 
now on 
PC's. 

, t989 Symbolics Inc. 

Circle Reader Action No. 524 

Until now, if you wanted to 
combine symbolic and numerical 
analyses into a powerful approach to 
mathematical modeling, there was 
only one way to do it - MACSYMA 
and a big computer. 

Now we've taken all the 
power, performance and productivity 
of MACSYMA and created a PC ver­
sion, one that runs on any 386/00S­
based PC*. 

So now you can perform 
complex symbolic, numerical, and 
graphical calculations automatically 
- in applications ranging from 
plasma physics to aeronautics, from 
economics to fluid mechanics and 
more - right at your desk. Such as 
differential and integral equations, 
Laplace and Fourier transforms, 
vector and tensor calculus. The same 
calculations that used to require 
mainframe performance. 

There's one thing about 
MACSYMA that isn't complex - using 
it. In fact, using MACSYMA is so easy, 
you can get right to work using our 
On-line Help and Quick Reference 
Card - without even opening a book. 

MACSYMA on a PC. As easy as 'IT. 
Call 1-800-MACSYMA (in 
Massachusetts, 617-221-1250). 

symbolics Inc 

Computer Aided Mathematics Group 
8 New England Executive Park East 
Burlington, MA 01803 U.S.A. 

MACSYMA is a registered trademark of Symbolics, Inc. 

• too% IBM compatibles. 



the expression of the transient effect in a 
multiplicative exponential term in time. The 
separated-variable ratio that contains the 
partial spatial second derivatives is approx­
imated by a finite<lifference term for the 
temperatures at four adjacent grid points 
at one time step. 

The two separated-variable ratios are 
equated to the exponential time parameter 
and thus combined to obtain the single ex­
plicit, finite<lifference expression for the 
temperature at the next time step: 

r:; + 1 = r:; exp{QM;j} 

where T = temperature, the superscripts 
denote the time steps, the subscripts de­
note the grid points, M;j is the four~rid­
point, finite-difference form of the sepa­
rated-variable ratio for the Laplacian of 
temperature at the nth time step, and Q is a 
dimensionless time parameter that com­
bines the effects of the diffusivity and the 
grid spacing. The time step can be divided 
into m + 1 subintervals to improve the con­
vergence of the solution by writing 

m 

1i~ + 1 = 1i~ exp{[Q/(m + 1)] L M;~ + fJ/I!n + 11 
p=o 

The equations obtained in an analysis of 
the cylindrical problem are similar, except 
that M;j is reduced to the one-dimensional 
form M; and contains a radial-expansion 
term. 

The time step and grid spacing must be 
made small enough to assure numerical 
stability. The divergence or convergence of 
the solution is easily expressed in terms of 
the growth of the exponential at each step, 
and, as a result, the criteria for stability are 
conveniently expressed as conditions on 
M; or M;t or on the size of the dimension­
less time subinterval Q/(m + 1). 

Boundary and initial conditions are 
treated in a straightforward manner by 
suitable numbering of grid points and sub­
stitutions of known temperature values into 
the expressions for M7 and Mij. Where a 
flux of heat is specified at a boundary, the 
use of that specified difference of tempera­
ture across the boundary that determines 
the specified flux must be used. 

The nonlinear cases considered in this 
study are the viscous Burger's equation 
and the steady-state equation for bounda­
ry-layer flow over a flat plate. In both cases, 
the differential equation must be linearized. 

The exponential finite-difference tech­
nique was compared with several other nu­
merical techniques and with exact solu­
tions (where available) in application to 
several heat-transfer and flow problems. 
The exponential.finite<lifference solutions 
were closer than the others to the exact 
solutions in those problems for which ex­
act solutions were available. 

This work was done by Robert F. 
Handschuh of the U.S. Army Aviation Re­
search and Technology Activity for Lewis 
Research Center. Further information 
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Only one company has it: Alcatel 

lewDrytel30 
oil free, portable 

• • pumping unit 
A new concept in oil free 
pumping based on Alcatel's 
exclusive molecular drag 
principle . .. Alcatel can now 
offer all the advantages of its 
unique molecular drag pump in 
a totally oil free portable pump­
ing unit. DRYTEL 30 interstages 
an oil free mechanical pump 
with the MDP booster to provide 
soft start evacuation from 
atmosphere to mid range vacuum 
levels and clean 16 cfm through­
put from 10 -1 to 10.6 mbar. 
DRYTEL 30 not only provides clean, 
oil free evacuation but also is most 
effective in a range where con­
ventional mechanical pumps have 
limited or reduced efficiency 
and a tendency to backstream 
their lubricating fluid . 

Applications: 
Cryogenics 
Regeneration of cyropumps 
Oil-free roughing of ultrahigh 

vacuum installations 
Mass spectrometry 
Differential pumping for RGA's 
Fast oil-free pumping of 

load locks 
Backing of turbomolecular pumps 
Leak Detection 
Roughing for AUGER, SIMS, MBE 
Electron tubes/CRT's 

Write or calf for specifications 
and pricing. 
Alcatel Vacuum Products, Inc., 
40 Pond Park Road, 
Hingham, MA 02043 
Tel : 617-749-8710 (MAl; 
408-746-2947 (CA); 
609-596-3377 (NJ). 

ALC£TEL 
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may be found in NASA TM-89874 [N87-
24930], "An Exponential Finite Difference 
Technique for Solving Partial Differential 
Equations." 

Copies may be purchased [prepayment 
required] from the National Technical In­
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. 
Rush orders may be placed for an extra fee 
by calling (BOO) 336-4700. 
LEW-14737 

Inversion of Jacobian 
Matrix for Robot 
Manipulators 

A closed-form transformation 
from task space to joint 
space is computed efficiently. 

A report discusses the inversion of the 
Jacobian matrix for a class of six<legree­
of-freedom arms with spherical wrist, i.e., 
with the last three jOints intersecting. The 
authors show that by taking advantage of 
the simple geometry of such arms, the 
closed-form solution of Q = J-1X, which 
represents a linear transformation from 
task space to joint space, can be obtained 
efficiently. 

The inverse transformation, represent-

88 Circle Reader Action No. 500 

ed as Q = J -lX, is essential for the imple­
mentation of the advanced taSk-space 
control schemes since the actuation; i.e., 
the application of forcesltorques is ulti­
mately performed at the joints level. How­
ever, while the forward transformation, 
given as Q = J X, presents no major prob­
lem, the computation of the inverse trans­
formation is more difficult, and previous 
authors have studied ways to perform it ef­
ficiently. The main motivation in the devel­
opment of the previous methods has been 
to avoid the prohibitive computational cost, 
which arises from the symbolic or numeri­
cal computation of the Jacobian and its nu­
merical inversion. 

The theoretical development in this 
paper involves the derivation of the Jacobi­
an vectorial matrix, which is a general form 
of the Jacobian from which specific Jaco­
bians can be derived by a set of appropri­
ate transformation, i.e., velocity reference 
point transformation as well as projection 
onto the applicable coordinates. The au­
thors develop a relatively simple method in 
which the Jacobian vectorial matrix and 
corresponding transformations are de­
rived by relating the velocity of two points. It 
is shown that any specific Jacobian can be 
described in terms of another Jacobian 
with arbitrary choice of velocity reference 
point and coordinate frame, which can be 
chosen to yield the Jacobian in its simplest 
symbolical form leading to its symbolic in­
version and the closed-form solution of Q 
= J-1X. 

The report presents solutions for a 
PUMA arm, a JPLlStanford arm, and a six­
revolute-joint coplanar arm along with all 
singular points. The solution for each joint 
variable is found as an explicit function of 
the singular points, thus providing better in­
sight into the effect of the singular points on 
the motion of, and forceltorque exerted by, 
each jOint. 

The main contribution of this paper is to 
show that the simple geometry of this type 
of arms can be exploited in performing the 
inverse transformation without any need to 
compute the Jacobian or its inverse explic­
itly. The cost of computing the inverse trans­
formation becomes of the same order as 
that of the cost of computing forward kine­
matic position transformation, and it is sig­
nificantly reduced if this transformation is 
already performed. The implication of this 
computational efficiency is that advanced 
task-space control schemes for spherical­
wrist arms can be implemented more effi­
Ciently. 

This work was done by Amir Fijany and 
Antal K. Bejczy of Galtech for NASA's Jet 
Propulsion Laboratory. To obtain a copy 
of the report, "Efficient Jacobian Inversion 
for the Control of Simple Robot Manipula­
tors," Circle 125 on the TSP Request Gard. 
NPO-17544 
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Any way you look at it, we 
have the tools to give you 
a broad range of digital 
signal processing solutions. 

DSPCode 
Generation, 
The Easiest Way 
Our DSP1ay XL'" software 
package revolutionizes 
code generation fO( DSP 
applications. You don't 
need the extensive 
knowledge you once did 
fO( DSP algorithm 
development. Now you 
can quickly create highly 
efficient code for AT&fs 
DSP32 processor through 
the creation of a simple 
block diagram. Then, with 
a simple keystroke, you 
can download the code 
to our ZPB32 Roating Point 
Processor board for 
execution. 

DSPlay XL features a 
fully integrated 
development 
environment. 
It includes 
graphic editor, 
large function 
libraries, extensive 
display capabilities, 
code generato(, 
assembler. debugger. 
disassembler. filter desig 
capability. and test edito(. 
It supports data converters 
and multiple DSP32 
proceSSOfS. too. 
Floating Point 
DSPPower 
for the VMEbus 
Now you can have floating 
point DSP power fO( the 
VMEbus. Our new ZPB3200 
series boards offer 32-bit 
processing using the AT&T 
DSP32 (160ns) proceSSOf. 

Two versions are available: 
the ZPB3201 features a 
single DSP32 proceSSOf. 
while the ZPB3202 has two. 
They provide 12 and 24 
million floating point 
calculations/second. 
respectively. Buffered serial 
I/O pOfts facilitate 
connection with our 
growing line of high­
performance AOC and 
DAC products. 0( 

interconnection between 
VME DSP proceSSOf boards. 
Each proceSSOf comes 
complete with 64K Bytes of 
zero-wait state SRAM. and 
parallel interface to the 
VMEbus. The ZPB3200 is 
ideal fO( SONAR. RADAR. 
Speech. and machine 
monitoring applications. 

~--.... 

Primer on Digital 
Signal Processing 
Prentice-Hall's new book. 
"Digital Signal Processing 
Experiments. " presents 
easy to leam DSP 
fundamentals. Its 100+ 
pages contain a concise 
overview of DSP functions 
and Algorithms. 12 exercises. 
and a special educational 
version of our popular 
DSPlay'· software. You 

CIrcle Reader ActIon No. 313 

can get it through your 
local bookseller (ISBN 0-13-
212853-5) 0( through 
Burr-Brown. 
Port Numbers: 
DSPIoy Xl; #ZPM32 
VME Boards: #ZP83201 

#ZP83202 
PC Boards: #ZP832 (25Ons) 

#ZP832-HS (16Ons) 
DSP Book: #Book.{)5 

Look to Burr-Brown fO( a full 
line of DSP solutions. You'lI 
find they'll give you the 
shortest route from 
development to 
integration. For complete 
details. write 
Burr-Brown Corporation. 
P.O. Box 11400. 
Tucson. Arizona 85734. 
Or. call1-800-54a-6132 
toll free. 

BURR-BROWN® 

EIEI 



New on the Market 

~ 

.- maJ.£5 GIIOT 

- -" ... CUBE. Beaverton, OR. has un­
veiled a massively parallel uper­
computer with unprecedented 
processing speed. The 6400 Series 
Scalar Supercomputer uses up to 
8192 processors to achieve a max-

Melles Griot Inc., Irvine, CA, has Imum performance of 100 billion in­
developed a compact 120-watt car- struction executions per second and 
bon dioxide laser for industrial ap- 27 billion scalar floating point opera­
plications. The laser head weighs 60 tions per second. Because the pro­
pounds and is completely sealed, re- cessors can operate independently 
quiring only 280 VAC power and 6 in parallel, the 6400 is ideally suit­
liters/minute cooling water. The por- ed to simulating and performing 
table unit offers + 8% long-term calculat ions upon dynamic pro-
amplitude stability, a 5.5 mm beam cesse involving many different fl k 

variables. Potential applications in- The new KH 500 uorescent wor 
diameter, and a 350-nanosecond I' ht . h 13 tt U I d dude structural and chemical Ig Wit -wa - amp pro uces 
standard pulse decay time, with op- h I' ht 60 tt d . analysis. fluid dynamics, artificial in- as muc Ig as a -wa cage In-
tional150-nanosecond performance d t btl t t t ' telligence, signal processing, and can escen u as s en Imes 
available. I d' th f robotics. onger, accor Ing to e manu ac-
Circle Reader Action Number 750. KH I d t ' f A I NY 

I----------------i Circle Reader Action Number 782. turer, n us nes 0 ngo a, . 
Available with a 25 or 50 foot neo-

1.=::;::::=======--=::::::::=::=:::::1 phrem jacket, the portable light is 
sealed against moisture, dust, and 
vapors. Its shatterproof butyrate 
tubeshield protects against damage 
from falling objects, flying glass, and 
sparks. 
Circle Reader Action Number 798 

The Diplomat™, an aerodynamic 
blower developed by Comair 

The Model 2220 solid-state Rotron, Saugerties, NY, features a 
monochrome video camera from diffuser mounting that reduces noise 
CIDTEC Inc., Liverpool, NY, features and improves air flow, a foam scroll 
a progressively scanned 256 x 256 that deadens sound, and a seven­
binary format CI D array that matches bladed propeller with a patented 
standard memories for efficient com- feather edge. Targeted for the mini­
puter interfacing. The camera' s to-mainframe computer market, the 
square pixels si mplify processing Diplomat can be custom-configu red 
algorithms and its contiguous struc- to fit a wide range of dimension and Metron Optics Inc. , Solana Beach, 
ture ensures accurate image detail. air flow requirements. CA, has developed a three-dimen-

Circle Reader Action Number 784. A frame reset function allows users sional video system that forms 
to adjust frame size for high-speed f--------------j realistic images in mid air. Especial-
variable output. I' Iy useful for remote viewing of haz-
Circle Reader Action Number 790. ardous areas, the stereoptical system 

employs two video cameras and a 
3D monitor to create flicker-free 
color pictures with natu ral depth. 
Metron also manufactures a 3D 
video microscope with 360 degree 
rotation and plans to offer 3D re­
cording on videotape using a super 
VHS recorder with stereophonic 
sound. 
Circle Reader Action Number 788. 

Charleswater Products Inc. , West 
Newton, MA, is offering samples of 
REZTORElM, an antistatic cleaner 
that removes dust, grime, solder, 
grease, and fingerprints from con­
ductive and insu lative work surfaces. 
The product features zero ionic con­
tamination, contains no amines, 
cleans without abrasion, and leaves 
no insulative residue or film . Effec­
tive at cleaning vinyl and rubber 
mats, high-pressure laminates, 
metal, glass, and plastic, REZTORE 
comes in an 8-ounce pump spray, 
trigger spray quart bottle, or gallon 
container. 
Circle Reader Action Number 796. 

The Spirflame, a self-contained gas 
production unit from Solder Ab­
sorbing Technology Inc. , Springfield, 
MA, can generate a flame small 
enough to thread through the eye of 
a needle or la rge enough to cut 
2 mm steel. Flame temperature and 
size are electronically stabi lized at 
the selected intensity. The device 
produces gas from the electrolysis of 
water and is useful for soft soldering, 
brazing, fusion welding, flame 
polishing, and other industrial 
applications. 
Circle Reader Action Number 778. 

A powerful new software product 
that extends hypertext technology 
into the realm of true information 

f------------~-_l analysis has been introduced by the 
Triumph , a new rust converter and 
primer coating from United 
Laboratories Inc. , Addison, IL, in­
stantly turns rust into phosphates for 
easy removal without scraping or 
sandblasting. The phosphating paint, 
which cures rock-hard, covers up to 
530 square feet per gallon and can 
be applied with a brush or diluted 
with water for spray applications. It 
contains no lead or solvents, is com­
patible with wet surfaces , and 
tolerates extreme temperature 
changes without cracking or peeling. 
A gallon costs $59.00. 
Circle Reader Action Number 794. 
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The Seatek Company Inc. , Stamford, 
CT, has combined a gripping vise 
and a miniature hacksaw to create 
a new labor-saving hand tool called 
the Swing-Saw Sealtite Cutter. The 
top lever, which actuates the saw 
blade, provides leverage for a strong 
cutting action, while the hacksaw 
hinged to the vise makes precise 
square cuts each time. The Swing­
Saw can cut copper and steel tubing, 
threaded rods, and cables up to 1.5 
inches in diameter. 
Circle Reader Action Number 780. 

AT&T Microelectronics has unveiled 
the fastest digital signal processor 
(DSP) to date-a 25-nanosecond 
chip that processes data at 40 million 
instructions per second. Since just 
one 25-ns DSPchipcan perform jobs 
that previously required several 
devices, designers can use the new 
chip to conserve valuable board 
space. ow available in sample 
quantities, the processor is suited for 
telecommunications and computer 
applications, such as modems, 
digital cellular phones, laser printers, 
and optical character recognizers. 
Circle Reader Action Number 760. 

Envos Corp., Mountain View, CA. 
The software, called Envos Note­
cards, is useful for organizing and 
analyzing large amounts of textual 
data. Among its features are graphics 
editors for creating onscreen 
" notecards" of whole documents; 
overlapping windows that allow 
multiple notecards to be viewed 
concurrently; a " browsing" function 
that enables users to view and 
manipulate the entire card network, 
and automatic conversion of cards 
into printed documents. Envos Note­
ca rds runs on Sun workstations. 
Circle Reader Action Number 766. 
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New on the Market 

The 400 Series digital osci lloscope 
from Nicolet Test Instruments, 
Madison, WI, offers a record 256K 
work memory per channel and 
permits cascading together four 
channels for memory as long as 1 
megasample. This memory is com­
plemented by a standard 32-bit CPU, 
providing waveform processing up 
to ~ 00 times faster than interfacing 
with a PC. Available in two- and four­
channel models, the 400 Series also 
features a 44-megabyte hard disk, a 
transportable floppy drive for 
automated testi ng, easy-to-use front 
panel controls, and IEEE-488.2 inter­
face software. 
Circle Reader Action Number 756. 

The 700 Series Polycorder®, a por­
table data logger designed for in­
dustrial testing, is now available from 
Omnidata International Inc., Logan, 
UT. The battery-powered unit con­
tains up to 448 K-bytes of memory 
and a 12-bit A-D section that can 
scan more than 75,000 samples per 
second. Standard features include an 
RS-232 port, ten analog channels, 
eight digital I/Os, a synchronous f-------------I 
hardware trigger, and two direct ac- The new Challenge 3000 modular 
celerometer inputs. The Polycorder workstations can be tailored to each 
is fully programmable, enabling the operation or task, resulting in more 
user to develop an infinite numberof cost-efficient and productive use of 
data collection algorithms. factory space. Designed by Advance 
Circle Reader Action Number 800. Engineering, North Hollywood, CA, 

1-___________ -1 the stations can be configured as in-
Science/Electronics, Dayton, OH, is 
marketing a line of battery-powered 
data loggers with direct RS-232 serial 
interface. The systems, dubbed 
Squirrel Meter/Loggers, offer multi­
ple input and can store up to 42,000 
read ings on board in RAM. Users 
can record temperature, voltage, 
current, pulses, 8-bit inputs, or 
events. Logging includes real-time 
documentation. The low-power 
CM OS circuitry permits unattended 
recording runs for upto six months. 
Circle Reader Action Number 764. 

A new series of subminiature preci­
sion DC-DC rate gyroscopes has 
been developed by Humphrey Inc., 
San Diego, CA. Fluid-filled for pre­
cise damping and shock protection, 
the tiny (2.0" x 2.0H x 3.5") gyros 
are designed for demanding rate 
control requirements, such as fire 
control systems, antenna stabiliza­
tion, aircraft control , and missile sys­
tems. They come in rate ranges from 
40 to 1000 degrees per second with 
natural frequency of 20 to 140 Hz. 
Circle Reader Action Number 758. 
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dividual units or single- and double­
sided assembly lines. A unique utility 
distribution system allows power, 
air, and other utilities to be passed 
from one unit to another. Work sur­
faces, light fixtures, and shelVing are 
adjustable for maximum operator ef­
ficiency and convenience. 
Circle Reader Action Number 762. 

Working from a palette of 16.7 
million colors, Polaroid's new Bravo 
Computer Slide Maker (BCSM) 
creates boardroom-quality images 
with up to 8,000 lines of addressable 
resolution. The digital film recorder 
produces both instant and conven­
tionally-processed 35mm slides at a 
fraction of the cost of outside slide 
services, accord ing to the manufac­
turer. Available in either IBM- or 
Apple Macintosh-compatible ver­
sions, the BCSM simply plugs into 
the host computer and IS ready to go. 
Circle Reader Action Number 792. 

Optimize 
Filter Response to Fit 
Your Design Target! 
COMTRAN®-Now on a pc· 

• Designs filters with custom-shaped responses 
• Magnitude, Phase, Zin, Zout, or combination 
• Fits any precision response using available 

capacitor values (by recalculating resistors) 

• Derives equivalent circuit from measured data 
• Cuts opamp count in half (4 poles per opamp) 
• Tolerance, Time Domain, Waveform Digitizing 
• FAST - Less than 1 second per point typical 

"Requires AT compatible w/HP 
82300B BASIC Language Processor ~ 
card w/1 MB RAM, & HP 9122 
floppy drive. This card adds HP Rocky ~ 
Mountain BASIC, w/ HP-IB interface, 
to your Pc. Lets your PC run HP 200/ 
300 BASIC software. COMTRAN 
previously ran only on HP computers. 

A-""hiW Integrated Software! 
A Division of Jensen Transformers, Inc. 

10735 BURBANK BOULEVARD, NORTH HOLLYWOOD. CA 91601 
FAX (818) 763-4574 . PHONE (213) 876-0059 

Circle Reader Action No. 480 

Get your new 
enclosure catalogs 

from Optima. 
o E.I.A. Rack Mounting 
D RFI Shielding 
o Vertical Cabinets 
D Desk Systems 
D Custom Applications 
o Small Cases 
o TEMPEST 

Call (404) 496-4025 
(or circle the reader service number below) . 

See our product data in EEM. 

~ Gichner 
'" ~ Optima* Enclosures 

2166 Mountain Industrial Blvd ., Tucker, GA 30084-5088 
(404) 496-4000 • FAX: (404) 496-4041 • We make you look betterl 
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MINCO PROBLEM SOLVER #11 

APPLICATION: 
Aerospace, medical , mil 

FEATURES: 
Multllayers: Plated through·hole Interconnects. 
Complete Assemblies: Stiffeners, connectors, pins. 
Quality Assurance: Stringent documentation. 

SPECS: MIL·P·50884(C), Type 4; NHB5300.4(1 B); FDA Regulation 
Part 820; MIL·Q·9858. 

USER NOTES: Use for 
weight, high rellabll 

Wht'n quo/lty and ~rformonce ore o. important 0' price. co" ... 

space and 

MINCO PRODUCTS. INC. 
73(}() Comm.rc. Lane/Mlnn.epolis. Mlnn.sot. 55432 U.S.A. 
Te/ephone:(612)57t-3121I TWX:91()'576-2848IFAX:(612)571.()927 
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Circle Reader Action No. 388 

WE WRITE 
MANUALS 

Information Development Incorporated 
specializes in providing high quality 
technical writing and documentation. 

By using our services, you 

SAVE TIME 
SAVE MONEY 

CONSER VE TALENT 

For half a decade, IDI has provided 
superior documentation for Fortune 500 
companies, engineering and research 
groups, and government agencies . 

Call today : 
INFORMATION DEVELOPMENT. INC. 
4219 Richmond Avenue. Suite 290 
Houston . Texas 77027 
(7/3) 623-8735 

Circle Reader Action No. 488 

New l iterature 

A 32·page catalog of electronic 
testing and prototyping equipment 
is now available from Global 
Specialties, a division of Interplex 
Electronics, ew Haven, CT. Of· 
fered free of charge, the catalog 
features Global 's breadboarding 
products, logic test devices, power 
supplies, test instruments, and ac· 
cessories. ew products include the 
DSA·250, a low·cost digital storage 
adapter, and a line of data commu· 
nications equipment. 
Circle Reader Action Number 702. 

A 24-page catalog describes cleaning 
and preventive maintenance pro· 

A new line of uper preci ion bear­
ings is described in a catalog from 
the Torrington Company, Torring· 
ton, CT. The 95·page publication 
provides specifications for 20 styles 
of precision bearings for machine 
tools, pumps, compressors, and 
other exacting applications. In addi­
tion, the catalog reviews key con· 
siderations in bearing selection, such 
as mounting arrangement, balance, 
bearing geometry, alignment of 
rotating parts, and lubrication. 
Circle Reader Action umber 716. 

NYRIM~ a new thermop lastic 
designed to withstand heavy wear 
and tear in hostile environments, is 
featured in a free brochure from CUE 
Inc., Mars, PA. Produced by chemi­
cally bonding a copolymer of nylon 
·6 to an impact-resistant elastomer, 
NYRIM is easily cast into stock 
shapes -including rod, tube, and 
sheet-which can then be machined 
into such finished parts as automo­
tive cooling fans, gears, pulleys, 
machine housings, pump impellers, 
and filter plates. The four-color 
brochure outlines advantages the 
thermoplastic offers over metals, and 
includes a list of typical properties. 
Circle Reader Action Number 724. 

ducts from the Texwipe Company, i----------------j 
Upper Saddle River, J. Distributed 
free of charge, the publication is 
divided into seven product catego· 
ries: wipers, clean room wipers, sol· 
vents and cleaning solutions, swabs 
and facemasks, premoistened pads, 
compressed gas, and cleaning kits. A 
color·coded index enables users to 
quickly match applications to 
products. 
Circle Reader Action Number 712. A guide to aerospace propulsion 
i----------------j forgings is available from the Shultz 

Electrospec I nc., Dover, J. is offer· 
ing a free 216·page network com­
munications catalog. Featured 
products include baluns, cable as· 
semblies, connectors, couplings, 
interconnect hardware, fiber optic 
components, switch boxes, cabin· 
ets, panels, and networking tools. 
The catalog contains product photo· 
graphs and a glossary. 
Circle Reader Action Number 722. 

Steel Company, South Gate, CA. 
Product highlights include rotating 
part forgings (shafts, disks, and im· 
pellers) for gas turbine engines; tur· 
bine rings, casings, domes, and 
nozzles; and rocket engine parts. 
The free brochure also details the 
company's quality control of 
metallurgical microstructures and 
computer simulation capabilities. 
Circle Reader Action Number 708. 
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New literature 

A four-colorengineering manual and 
catalog from Disogrin Industries, 
Manchester, NH, provides design, 
selection, and application data for a 
variety of hydraulic seals, including 
U-cup seals, rod wipers, piston seals, 
flange packings, O-rings, and wear 
rings. Schematic drawings c larify 
design and installation procedures, 
while tables, graphs, and curves of­
fer information on chemical com­

Heat transfer equipment for aircraft, 
aerospace, electronics, and other 
high-technology industries is 
highlighted in a color brochure from 
the affiliated companies of lytron 
and Alpha United. Alum'inum heat 
'exchangers are displayed in many 
configurations, including oil coolers, 
evaporators, condensers, cryogenic 
heat exchangers, and bleed air 
coolers. The free brochure also 
describes cold plates, cold walls, and 
cooling enclosures for high-density 
electronics systems. 
Circle Reader Action Number 720. 

patibility, tear strength , abrasion t---------------I 
resistance, and other key factors in 
seal selection . 
Circle Reader Action Number 710. 

More than 2,000 programmable 
devices are featured in a new 
booklet from logical Devices Inc., 

1--------------1 Fort l auderdale, FL. Organized by 

lit···· .~~:~~~ ... __ ....-_01_ ... _ 

US Technology Corp. , Danielson, 
CT, has produced a brochure that 
explains the benefits of dry stripping 
paint and other surface contam­
inants from aircraft and electronic 
components. As a replacement for 
hazardous chemical strippers, dry 
st r ipping eliminates expensive 
disposal problems, according to the 
brochure, which includes sample 
packets of three media hardness 
grades: PolyPI usC!>, PolyExtraC!>, and 
Type II IC!>. Relative hardness is dis­
cussed and correlated to perfor­
mance on a variety of surfaces, 
including composites. 
Circle Reader Action Number 718. 

" Magnetics For Telecommunica­
tions," a new catalog from Prem 

manufacturer and device architec­
ture, the booklet specifies which lDI 
programmer supports each device, 
or iffuture support is planned. Infor­
mation on device technology in­
cludes number of pins, array size, 
and voltage. 
Circle Reader Action Number 706_ 

Applications for more than 200 ther­
mal spray and plasma transferred­
arc coatings are outlined in a free 
brochure from General Plasma, East 
Windsor, CT. The four-page publica­
tion lists OEM specifications for 
wear-resistant, corrosion-resistant, 
thermal barrier, abradable, dialec­
tric, conductive, dimensional re­
storation , and medical implant 
coati ngs. 
Circle Reader Action Number 726. 

Magnetics Inc. , McHenry, Il, fea- I _~~~~=::~::::~::'_I 
tures more than 80 coupling t-
transformers for voice and data ap­
plications. Products include feed­
bridge inductors, single hybrid trans­
formers , and a new series of 
telephone interconnect transformers 
that have received British Standard 
Institute (BSI) approval. 
Circle Reader Action Number 714 
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The Yokogawa Corp. of America, 
Newnan, GA, is offe ring a free strip 
chart recorder selection guide. The 
fold-out wall poster identifies and 
defines recording methods, higher­
level functions, signal inputs, and 
printing options. 
Circle Reader Action Number 704. 

INFRARED TEST 
INSTRUMENTATION 

CUSTOM OR STANDARD 
DEWARS (4-300K) 

POUR FILL 
DEMAND FLOW 
CLOSED CYCLE 

VACUUM PUMP STA TlONS 
RADIOMETRIC TEST SYSTEMS 
CRYOGENIC PROBE STATIONS 

.~.INTEGRATED 
..... SENSORS. inc. 

69 Santa Felicia Drive, Goleta. CA 93117 

Circle Reader Action No. 342 

Put a Lid on EMI 
Sensitive field electronics 

need EMI containment and 
protection to get the job 
done safely, and correctly. 

The Zero Centurion ® Elite 
Series 200 sets a new stan­
dard for good looks and 
shielding safety. 

1-:110 loll • ,ot , .. ,.. ".,. ,_ 
nM~IIIC'''''' 

Choose from 16 sizes, and a wide host of options, 
including special environmental seal. FIVE DAY 
SHIPMENT FROM STOCK. 

Call Today for ,., 71E1Bf(jl ® 
Additional Information. ~~ C,IFiUY 

818897·7777 HALLIBURTON 
12224 Montague, Pacoima, CA 91331 
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Both artistic and educational, this beautifully illustrated full-color poster 
presents a cutaway view of the Space Shuttle that reveals its inner work­
ings_ Provides size, wingspan, weight, and thrust data. 42 by 30 inches. 

Folded. Special introductory price only $S.95 eachl 
BONUS: Order now and receive three prints for only $23.95_ ----------------------------------

Please rush me ____ Space Shuttle posters_ 

I have enclosed t plus t2.50 for postage and handling. 
Total enclosed: t (New York residents add sales tax) 
Nazne __________________________ __ 

Ad~. _____________________________________________ __ 

City State Zip. ____ _ 
Send payment to: NASA Tech Briefs, Shuttle Poster Offer 

41 East 42nd St., New York, NY 10017-5391 
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ANNEAUNG 
Rapid annealing of 
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AXISYMMETRIC FLOW 
Upwind swirl coupling In 
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calculations 
page 71 MFS·29542 

B 
BOUNDARY LAYER 
SEPARATION 
Measuring laminar· 
separation bubbles on 
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CARBON 
Rapid annealing of 
amorphous 
hydrogenated carbon 
page 58 LEW·14684 
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for high temperatures 
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Laser ScanniM CO~ponell.~ 
For New Applic;at,~ns Yet To ,Be Discovered. 

\Xk're ready to explore new scanning territory with your New applications are constantly being diSCOV~UOlizing Uncolr'l's 
laser scanning technology. .. already proven for laser printing. photocopying. bar code scanning. in pection processing, 
typesetting and much more. A leadIng supplIer of: • Motors . Controllers . Hydro-Dynamic and H Static Air Bearing 
Assemblies . Diamond Machined or Conventionally Polished Polygonal Mirrors . Complete Motor olygon Assemblies 

--

We excel at meeting new challenges and welcome the opPortunity to quote ' 
on your single piece prototype or large quantity productio1 requirements. 

~ LINCOLN LASER COMP.·'A~ ~~ 
234 East Mohave, Phoenix, Arizona 85004, FAX: (602) 257-0728, Phone: (602) 257-0407 

Circle Reader Action No. 593 NASA Tech Briefs, July 1989 



HIGH PERFORMANCE, 
HIGH PRECISION 
BALL SCREWS 
Thomson Saginaw 
ball screws give you: 
• preclslOfl - lead accuracies to .0002' ft. 

and custom preloads for ophmum stiffness 
• smoothness - 90% plus efficiency, zero 

backlash for uniform feed 
• repeatability - precise posrtlomng lime 

after time 
• dependable service - operating hfe 

measured In millions of cycles 
Send your draWings or sketches for a free 
proposal and estimate. Or, ask for our new 
Unear Actuator Technotogy Guide. Thomson 
Saginaw Ball Screw Company, Inc., PO. 
Box 9550, Saginaw, MI 48608. (517) 
776·4123 

THOMSON SAGINAW'· 
First m lmear Actuator Technology 
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PolyAWK " 
The Toolbox Language 

PolyAWK is perfect for dara manipulation , 
list parsing and tool building. Irs simple 
panern {action} syntax and default file 
processing (AWK assumes you want to read 
a file one line at a time) means code for even 
complex jobs is just a few lines written in 
minutes. PolyAWK is available in MS-DOS 
($99.00) and OS/2 ($199.00). 

30 Day Money Back Guarantee 
To Order: 1·800-5474000 Dept. TB 

end Checks and P.O.s To: POLYTRON 
Corp., 1700 W 167th PI., Beaverton , OR 
97006 (503) 645-1150, FAX (503) 645-4576, 
TELEX 325800 POLYTRO 

POILYlll~O 
High Qua/icy Sofrware Since 1982 
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Fleld·sequentlal color 
converter 
page 2. MSC-21346 
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Carbon/carbon panets 
cooled by heat pipes 
page &4 LAR·13781 

CONCURRENT 
PROCESSING 
Balanced·load real·tlme 
multiprocessor system 
page.o NPO·17185 

COOUNG SYSTEMS 
Survey of cooling 
techniques 
page 73 NPO-17457 
CORRELATION 
Achromatlcal optical 
correlator 
page .9 N PO·172Oe 

CORROSION 
Electrochemical studies 
of aluminum coated with 
primer 
page 56 MFS·271&4 
CRACK PROPAGATION 
Predicting the 
propagation of cracks 
page 52 GSC·I3084 

CRACKING 
(FRACTURING) 
Predictions of fatigue 
damage from strain 
histories 
page 87 MFS·26080 

D 
DATA PROCESSING 
Data·processlng system 
for test airplane 
page 32 ARC·I2212 
DEFECTS 
Predicting the 
propagation of cracks 
page 52 GSC-13084 
DIESEL ENGINES 
Heat·flux sensor for hot 
engine cytlnders 
page.a LEW·I4830 
DIGITAL SYSTEMS 
Assessment of digital 
control for helicopters 
pagH1 ARC·12187 
DIODES 
Synchronous half·wave 
rectifier 
page 2. NPO·17220 
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E To Advertise-Call (212) 490·3999 

Conductive Rubber Products 
For ESD Protection 

Static 
Buildup ... 
a nUisance In 
electronoc assembly 
. . danger In 
rocket motor production. 

Our conduclive rubber products solve 
your ESD problems in the Aerospace. 
Electronic and Process Industries. 

• Fabricated cushions, gaskets, and 
conductive sheet rubber. 

• Conductive adheSives. 
• Conductive IiIms, fall laminates 

and tapes. 
Briefly describe your ESD concern, and 
we'lI tailor a sample packet for you 

Write or Fax for free specification gUide. 

Stockwell Rubber Company 
4749 Tolbut St.lPhila .. PA 19136 
215·335·3005 FAX 215·335·9433 
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FREE! 
130 

Page 
Catalog 

"Optics 
for 

Industry" 
Free 130 page produc1 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
uc1s 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 
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DRAG 
Compression pylon 
reduces Interference 
drag 
page 70 LAR·13777 

E 
ELECTRO'()PTlCAL 
EFFECT 
Spatial modulation of 
light In GaAs 
page 56 N PO·17228 
ELECTRONIC 
EQUIPMENT 
Survey of cooling 
techniques 
page 73 NPO-17457 

ELECTRONIC 
EQUIPMENT TESTS 
Automatic perametrlc 
testing of Integrated 
circuits 
page 85 NPO·18783 

EPOXY RESINS 
Making a precisely level 
floor 
page 78 MFS-28308 

F 
FATtGUE (MATERIALS) 
Predictions of fatigue 
damage from strain 
histories 
page 67 MFS·26080 
FIBER OPTICS 
Four-mode squeezing for 
optical communications 
page.. NPO·17170 
FINITE DIFFERENCE 
THEORY 
Exponential finite· 
difference technique 
page 85 LEW·14737 
FLIGHT CONTROL 
Assessment of digital 
control for helicopters 
page.1 ARC·12187 
FLIGHT TESTS 
Data·processlng system 
for test airplane 
page 32 ARC·12212 
General·purpose 
electronic system tests 
aircraft 
page 3e AAC·121.a 

Tlmtl SIIftlrs... HP 9OOOII'C proftlSSltlNlI ••. 
- Bullers, HPtB & RS232 - HP 2001300 Memory Boards 
- HP1B··Centronlcs Converters -IEEE 488/PC Intertace Cards ... 
All bact,d with. full ONE YEAR WARRANTY 1.30 DAY MONEY 

BACK GUARANTEEI call 800-842-0888 

ill INTELLIGENT 
INTERFACES Inc. 
P.o. Box 1486 - Stone Mountain, GA 30086 

Action No. 679 

MIL-STD-45662A 
calibration system requirements 

video training program 

Partial list of topics: 

* System Survey & Audit 
* Calibration System Requirements 
* Revision "Aft Change s 
* Significance of Revision "A" 
* Standard Procedures 
* Traceability 
* Calibration System Description 
* Adequacy of Calibration System 
* Measurement Standards 
* Measuring and Test Equipment 

TWO HOUR VIDEO TRAINING PROGRAM 
AND REFERENCE MANUAL 

~
.PRO FEOERAI. PROCUREMENT SEIIVICES 

o on..on 01 MIic1Io.et MIlI'Qtr1g s.n.-sc.s 
a 1 0 EAST STATE ST11EET 
ROCKFORD, IL 61104 

(800) 833-3776 
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FLOORS 
Making a precisely levet 
floor 
page 78 MFS-28308 
FLOW MEASUREMENT 
Whistle gauge measures 
flow and temperature 

FREQUENCY 
SYNTHESIZERS 
Pulse·populatlon 
modulation for Induction 
machines 

page 85 NPO·I72.3 
FLUID FILLED SHELLS 
Making muilicore, 
muilishell mlcrospheres 
page 80 N PO·17203 
FLUID FLOW 
Upwind swirl coupling In 
Navler·Stokes 
calculations 
page 71 "I FS·295042 
FLUTTER 
Predicting flutter of a 
propfan 
page 7. LEW·l.a59 
FRACTURE STRENGTH 
Measuring mechanical 
properties of optical 
glasses 
page 80 MFS·272Oe 
FREE FLIGHT TEST 
APPARATUS 
Data'processlng system 
for test airplane 
page 32 ARC·12212 

page 3e LEW·l.a69 
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GALLIUM ARSENIDES 
Spatial modulation of 
light In GaAs 
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GAS FLOW 
Whistle gauge measures 
flow and temperature 
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TOP GUN: THE REAL STORY 
Join the action as Top Gun, America's best aviators, train for 

perilous air-to-air combat. This thrilling VHS videotape features 
actual dogfights, crashes, and MIG confrontations, as well as 
real Top Gun pilots over Libya, the Indian Ocean, and off the 
Soviet Union. (Color, 35 minutes) $19.95 each plus $3.00 postage 
and handling. ... ~--. ...... --...... ...-. ...... -.-.~ ............ - ...... ~~ ............ --
Name ____________________________________ _ 

Address ____________________________________ _ 

City, _______________ State. _____ Zip, __________ _ 

Total Enclosed: $, ______ for _____ (quantity) Top Gun videotapes. 

Send check or money order to: NASA Tech Briefs, Fulfillment Dept., 
41 East 42nd Street, New York, NY 10017 

Now you can buy full-size drafting plotters from an 
industry leader at prices as low as $3.295. 

Call for our complete guide to plotters. scanners, 
and graphics digitizers. 

1-800-444-3425 
512-835-0900 Circle Reader Action No. 550 

J-IOUSTON 
INSTRUMENT 
A OIVlSIONOfAMeTI!K 

MAGNETOMETERS 
for direction 
and detection 
A complete line of magnetometers for use 
in a wide range of operational environ­
ments ... in the air ... on land .. . or under 
water. Included are: single-axis, dual-axis, 
and three-axis models; strapdown three­
axis hybridized models; digital heading 
sensors; magnetic underwater sensors; 
and special application units for detecting 
magnetic anomalies in equipment and for 
magnetic Signatures to profile ships. 

For more information 
write or call: 
Humphrey, Inc., Dept. NTB 789 
9212 Balboa Ave., San Diego, CA 92123 U.S.A. 
Telephone: (619) 565-6631 
TWX: (910) 335-2001 • FAX: (619) 565-6873 

Domain Magnetics products 
from England are distributed 
exclusively in the U.S. by 
Humphrey. Inc. 

~ 
MISSILE HEADING 

' ~ ~~~ "' , .,....,~'"'"'~ 
~~~ -v--<l ', ~ 

-<; 

DIPPING 
SENSORS 

TOWED 
ARRAYS 

SEABED 
IMPLANTS 
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HEAT PIPES 
Carbon/carbon panels 
cooled by heat pipes 
page 64 LAR-13761 

HEAT STORAGE 
Microencapsulated 
phase-change materials 
for storage of heat 
page 72 MF5-27196 

HEAT TRANSFER 
exponential finite­
difference technique 
page B5 LEW-14737 

HELICOPTERS 
Assessment of digital 
control for helicopters 
page41 ARC-12187 

HIGH SPEED 
PHOTOGRAPHY 
Reducing heating In 
high-speed 
cinematography 
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tunnel8 
page 51 ARC-II840 
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Twisted pair of In8ulated 
wires 8enses moisture 
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Achromatlcal optical 
correlator 
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IMPINGEMENT 
Detecting Impacts of 
particles on spacecraft 
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INDUCTION MOTORS 
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modulation for Induction 
machines 
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INTEGRATED CIRCUITS 
Automatic parametriC 
testing of Integrated 
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Multichannel. active low· 
pass filters 
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INTERFERENCE DRAG 
Compression pylon 
reduces Interference 
drag 
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Multiple-baseline 
Interferometric synthetic· 
aperture radar 
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INTERROGATION 
General-purpose 
electronic system tests 
aircraft 
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JACOBI MATRIX 
METHOD 
Inversion of Jacobian 
matrix for robotic 
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page 51 ARC·II840 
LASER 
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Efficient cavlty-dumped, 
frequency-doubled 
Nd:YAG laser 
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LIGHT MODULATION 
Spatial modulation of 
light In GaAs 
page 56 NPO-t7228 
LOW PASS FILTERS 
Multichannel , active low­
pass filters 
page 20 NPO-17290 

M 
MAGNETIC FIELDS 
Boundary·value problem 
for magnetlc-cutoff 
rigidities 
page 50 NPO-17294 
MANIPULATORS 
Inversion of Jacobian 
matrix for robotic 
manipulators 
page sa NPO·17544 
MASKING 
Keeping wax liquid for 
application 
page 84 MFS·29238 
MEASURING 
INSTRUMENTS 
Clrcularlty·measurlng 
system 
page 83 MFS·28313 
Survey of cooling 
techniques 
page 73 NPO·17457 
Twisted pair of Insulated 
wires senses moisture 
page 30 NPO·t711I 

MECHANICAL 
PROPERTIES 
Measuring mechanical 
properties of optical 
glasses 
page 60 MF5-27206 

METAL SURFACES 
Electrochemical studies 
of aluminum coated with 
primer 
page 56 MFS-27184 
MICROBALLOONS 
Making multlcore. 
multlshell mlcrospheres 
page 60 NPO·17203 
Microencapsulated 
phase-change materials 
for storage of heat 
page 72 MF5-27196 
MICROSTRUCTURE 
Research In 
thermoelectric materials 
page 54 N PO·17 403 
MICROWAVE FILTERS 
Multichannel. active low­
pass filters 
page 20 NPO-17290 
MOISTURE METERS 
Twisted pair of Insulated 
wires senses moisture 
page 30 NPO·17111 
MULTIPROCESSING 
(COMPUTERS) 
Balanced-load real·tlme 
multiprocessor system 
page 40 NPO-17185 
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NAVIER-STOKES 
EQUATION 
Navler·Stokes 
calculations with 
deforming grid 
page sa LEW-I 4711 
Navler-Stokes simulation 
of turbine rotor/stator 
Interaction 
page 69 ARC·12185 
Upwind swirl coupling In 
Navler-Stokes 
calculations 
page 71 MFS-29542 
NEODYMIUM LASERS 
Efficient cavlty-dumped, 
Irequency-doubled 
Nd:YAG laser 
page 22 N PO·I72sa 
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NONDESTRUCTIVE POWER SUPPLY RESIN MATRIX SOLAR CELLS TELLURIDES TURBINES 
TESTS CIRCUITS COMPOSITES Holspol endurance of Chemical-vapor Navler-Stokes simulation 
Automatic parametric Synchronous half-wave PMR resin compositions solar-<:ell modules deposition of Cd,_x of turbine rotor/stator 
testing of Integrated rectifier for high temperatures page 28 NPO-17305 M"x Te Interaction 
circuits page 24 NPO-17220 page 58 LEW-14658 SPACECRAFT page 78 NPO-17399 page 69 ARC-12185 
page 85 NPO-16783 PROPELLER FANS RETROREFLECTORS INSTRUMENTS TEMPERATURE 

Predicting flutter of a Radar polarimeter Oetectlng Impacts of CONTROL V 0 propfan measures orientations of particles on spacacraft Carbon/carbon panels 
page 74 LEW-14659 retrorefiectors page 42 MFS-28278 cooled by heat plpas 

PROTECTIVE COATINGS page 37 NPO-17231 SPECTROMETERS page 64 LAR-13761 VAPOR DEPOSITION 
OPTICAL Electrochemical studies ROTOR BLADES Calculating response of Reducing heating In Chemical -vapor 
COMMUNICATIONS of aluminum coated with (TURBOMACHINERy) a tunable-dlode-Iaser high-speed deposition of Cd,_ x 
Four-mode squeezing for primer Navler-Stokes simulation spectrometer cinematography ZnxTe 
optical communications page 58 MFS-27184 of turbine rotor/stator page 52 NPO-17375 page 44 LEW-14798 page 76 N PO-17399 
page 44 NPO-17170 

PULSE MODULATION Interaction STATOR BLADES TEMPERATURE VIDEO SIGNALS 
OPTICAL DATA Pulse-population page 69 ARC-12185 Navler-Stokes simulation MEASUREMENT Field-sequential color 
PROCESSING modulation for Induction of turbine rotor/stator Whistle gauge measures converter 
Achromatlcal optical machines S Interaction fiow and temperature page 24 MSC-21346 
correlator page 38 LEW-14669 page 69 ARC-12185 page 65 NPO-17243 
page 49 NPO-17206 

PYLONS STRAIN MEASUREMENT THERMOCOUPLES W Compression pylon SATELLITE-BORNE Predictions of fatigue Heat-flux sensor for hot 

p reduces Interference RADAR damage from strain engine cylinders 
drag Multiple-baseline histories page 48 LEW-14830 WAXES 
page 70 LAR-13777 Interferometric synthetic- page 67 MFS-26060 THERMOELECTRIC Keeping wax liquid for 

PARTIAL DIFFERENTIAL aparture radar STRUCTURAL FAILURE MATERIALS application 
EQUATIONS page 42 NPO-17416 Predicting the Research In page 84 MFS-29238 
Exponential finite-

R SEALING propagation of cracks thermoelectric materials WIND TUNNELS 
difference technique Keeping wax liquid for page 52 GSC-13084 page 54 NPO-17403 Fast laser holographic 
page 85 LEW-14737 application interferometry for wind SUBSONIC FLUTTER THIN FILMS 

PHASE CHANGE RADAR pageS4 MFS-29238 Predicting flutter of a Rapid annealing of tunnels 
MATERIALS Radar polarlme:er SEMICONDUCTOR page 51 ARC-11840 
Microencapsulated measures orientations of propfan amorphous 

DEVICES page 74 LEW-14659 hydrogenated carbon 
phase-change materials retroreflectors Hotspot endurance of page 58 LEW-14684 X for storage of heat page 37 NPO-17231 solar-<:ell modules SYNTHETIC APERTURE 
page 72 MFS-27198 REAL TIME OPERATION page 28 NPO-17305 RADAR THIN WALLED SHELLS 

PHOTOVOL TAlC CELLS Balanced-load real-time SEMICONDUCTORS 
Multiple-basel ine Making multlcore, 

X-29 AIRCRAFT Interferometric synthetic- multlshell mlcrospheres Hotspot endurance of multiprocessor system (MATERIALS) aparture radar page 80 NPO-17203 General-purpose 
solar-<:ell modules page 40 NPO-17185 Research In page 42 NPO-17416 electronic system tests 
page 28 NPO-17305 RECTIFIERS thermoelectric materials TRANSONIC FLOW aircraft 

POLARIMETRY Synchronous half-wave page 54 NPO-17403 SYNTHETIC RESINS Navler-Stokes page 36 ARC-12148 
PMR resin compositions calculations with Radar polarimeter rectifier SHAPES for high temperatures deforming grid 

measures orientations of page 24 NPO-17220 Circularity-measuring page 58 LEW-14658 page 66 LEW-14711 y retroreflectors REFLECTORS system 
page 37 NPO-17231 Adjusting surfaces of page 83 MFS-28313 TUNABLE LASERS 

POURING large antenna reflectors SHAPES 
Calculating response of YAG LASERS 

T a tunable-dlode-Iaser Making a precisely level page 34 LAR-13851 Adjusting surfaces of spectrometer Efficient cavlty-dumped, 
floor REMOTE MANIPULATOR large antenna reflectors page 52 NPO-17375 frequency-doubled 
page 78 MFS-28306 SYSTEM paue34 LAR-13851 TELECOMMUNICATION 
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Inversion of Jacobian SIGNAL PROCESSING Four-mode squeezing for 
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matrix for robotic Field-sequential color optical communications 
manipulators converter page 44 NPO-17170 
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Time Code 
Instrumentation 

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

exploration_ 

Datum produces a comprehensive line of timing instrumentation products, from rack mounted 
units designed for moderate environments, to ruggedized equipment for airborne, shipboard 
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and mobile applications_ Manufactured to commercial standards or military specifications 
requiring QPL certification, these instruments include time code translators and 

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

optimum system configuration_ 

We also design and manufacture complete range timing systems to 
customer specifications_ 

For more information or applications assistance, call or write_ 

Datum Inc 
Timing Division 

1363 S_ State COllege Blvd _, Anaheim, CA 92806-5790 
(714) 533-6333 
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and 
megabytalseeond OYer a fiber f.'Iptie bighway to 
distaoees of 10,000 feet between I/O locations. Use our 
new TadliOD-{lV system to precisely sample long­
duration analog signals for digital storage to disk at 
a throughput of 9.6 megabytes/second. 

For nearly 20 years, KSC has supplied powerful 
CAMAC data acquisition systems for such customers 
as General Electric, Boeing, LTV Steel, McDonnell­
Douglas, AT&T, Bell Labs, Westinghouse, General 
Motors, and NASA. 

Call us now to discuss your application needs. 

ineticSyst s 
rpor n 

Uwperalive 
Marketing 
Program 

11 Maryknoll Drive, Lockport, Illinois 60441 
(815) 838 0005 
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The autoclave tool 
that gives your program 

a run for its money. 



"It's not easy for an astronaut to build anything up there ... what they really 
needed was a fastener that would help them put those space structures 
together quick and easy. 

My job is solving these puzzles. This time I designed a self-aligning 
bolt for them. But I couldllt help thinking those gloves they wear could be 
trouble. So I went home and did some work on my own. Cut up a cookie 
sheet and found an old gear in the garage -used them to make some 
modifications on a cordless screwdriver. Thrned it into a push-button wrench 
that'll let anybody - astronaut or robot - screw that bolt together in seconds. 

If you keep on thinking, one interesting idea just naturally seems to 
lead right on to the next one." -EariCooney,SpaceStation, IndustriaIEngineerAduisor 

~CDONNELLDOUGLAS 

A company of leaders. 
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