




SIGNALS FROM FLUKE 

Straight Talk on DSOs - from Fluke 
While the use of DSOs continues to ex
pand rapidly, many users remain con
fused about how to measure and compare 
the performance of these complex instru
ments. New terms are being touted, and 
many of the old ones no longer apply 
quite the way they used to with analog 
scopes. Adding to the confusion is what 
appears to be a "specmanship" game by 
some manufacturers. 

With the introduction of Fluke's new 
PM 3323 digital storage oscilloscope they 
have avoided the compromises made by 
some manufacturers with a full 500 MS/s 
sampling rate, 300 MHz bandwidth, and 
lO-bit resolution for superior Signal cap
turing peIformance at a price of only 
$7,750. 

"Bandwidth" Covers A Lot of Ground 

Fluke speCifies and clearly states that the 
PM 3323 captures repetitive ignals to 
300 MHz, and based on the 500 MS/s 
sampling rate, Single-shot events to 
50 MHz are caught at 10 samples per pe
riod. This conb'asts with some manufac
turers that promote a Single "bandwidth" 
figure, implying that they can capture 
even Single-shot Signals up to that point. 
Others confuse the issue by talking about 
the "bandwidth" of the input amplifiers of 
their scopes, and implying that Single 
shots C<l.n be captured at t1mt frequency. 
Still others make their pelformance look 
better by resorting to interpolation 
techniques to simulate higner frequency 
performance. 

Horizontal "Resolution" Is A 
Critical Consideration 

Captllling fast, non-repetitive Signals 
preCisely is a main attraction Qf DSOs, 
and the PM 3323 has the true specifica
tions to do the job. The above quoted 
50 MHz @ 10 points per waveform is one 
way to measure this performance, but it 
only consider pure sine waves. More 
important in the digital domain is the 
time interval between samples, reflecting 
the time (horizontal) resolution of the 
scope. In the case of the PM 3323, its 
500 MS/s real-time sampling rate results 
in a resolution of 2 ns. This is true real
time resolution, and the PM 3323 has the 
short 1.17 n risetime to take full advan
tage of this resolution. 

In some DSO , the effective resolution is 
limited by slow front-ends or limited am
plifier frequency response. For instance, 
a competitive scope with input amplifiers 
of 100 MHz bandwidth has a 3.5 ns 
risetime. This implies that the fastest 
signal transition it can process is 3.5 ns. 
While quoting a sampling resolution of 

The new PM 3323 dual-channel digital oscilloscope from Fluke oilers a 300 MHz bandwidth , together 
with a 500 MS/s synchronous sampling rate on both channels for 2 ns single-shot resolution. 

2.5 ns (400 MS/s) for such a scope sounds 
competitive, it really means that it would 
require 2 complete sampling intervals to 
show a fast signal 's full transition. This 
results in a best case effective resolution 
of only 5 ns. Why sample so fast if you 
can't keep up with fast Signals? Compare 
that to the PM 3323's 2 ns! 

Glitch "De tection" vs Glitch 
"Trigger" 

As you measure slower Signals, slower 
timebase settings are used. All DSOs go 
to slower real-time sampling rates to 
measure these slow Signals. The result is 
that fast non-repetitive events - glitches -
are missed. The PM 3323 overcomes this 
with a full "glitch detection" function to 
capture the occurrence and amplitude of 
such events as short as 3 ns, regardless of 
timebase setting. Note how this differs 
from a more simple glitch "bigger," 
which might onl teU you that a glitch 
occurred, but not where and how high. 
A big difference! 

What About Vertical Resolution? 

Another c:ompromise being made in some 
DSOs today is in the amplitude resolu
tion, or the minimum change in Signal 
amplitude that can be detected and cap
tured. This resolution is usually speCified 
in bits, but sometimes as a %, or in volts. 
The PM 3323 provides a fulllO-bit verti
cal resolution. This results in a voltage 
resolution of 0.1 % of full scale. A Signal 
detail , such as a 10% overshoot can still 
be observed with 1% accuracy. It also 
means that at its maximum sensitivity of 
5 mV/div, outstanding 50 JlV resolution 
([5 mV/div x 10 div fu1l scale] divided by 
10 bits) is obtained. Some scopes offer 
6-bit captur as reflected by their 1.6% 
re olution pec. But 1.6% at full scale 
results in a measuring error of 16% in the 

Circle Reader Action No. 668 

10% overshoot example given before! 
Along with a less sensitive input amplifier, 
the actual voltage resolution may be even 
worse. For example, 10 mV/div with a 
6-bit scope can result in only 1 mV reso
lution, or 10 mV when a 10:1 probe is 
used! 

Built-in Measurement and 
Analysis Power 

Once a Signal is captured, the ability to 
perform a variety of measurement and 
analysis fUllctions is a key DSO benefit. 
The PM 3323 has a lot to offer, including 
cursor measurements of voltage and time 
differences, calculations like rms, 
risetimes, frequenCies, and advanced 
analysis functionality like integration, 
differentiation, and even FFTs. All easily 
accessible through the instrument's lOgi
cal menu structure. 

All in all , the PM 3323 from Fluke adds 
up to a powerful new high-speed DSO 
that avoids compromises built into many 
other scopes, prOviding real acquisition 
and analysis power making it ideally 
suited for complex automated measure
ment tasks. And at a price of only $7,750, 
it is an exceptional value. 

Fluke goes one step further to help you 
dig out from under the DSO spec confu
sion by providing a clear guide, "Truth in 
Digitizing." Request yours by calling 
800-44-FLUKE ext. 77. 

John Fluke Mfg. Co., Inc., P.O. Box 9090, MIS 250C 
Eve ret!, WA 98206 
U.S.: 206-356-5400 CANADA: 416-890-7600 
OTHER COUNTRIES: 206-356-5500 

©Copyright 1989 John Fluke Mfg. Co., Inc. 
All rights reserved. Ad No.: 1091-P3320 
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• 
IC ¥draulics 

Lee components 
solve the critical 
problems of size 
and weight for 
today's hydraulic 
systems. 

The Lee Company. For 
40 years the only authority in 
microhydraulics. With compo-
nents from less than 0.10 in. up 
to 0.50 in. in diameter, and from 
0.1 to 28 grams. We help designers 
achieve the size and weight reduc
tion they need, with operating pres
sures to 8,000 psi. 

The building blocks. 
Seven basic types of plugs, restric

tors, and valves-all utilizing the cost
saving Lee insert principle. 

~ 
liv i! I I 

Lee Plugs. The best way to seal 
drilled holes. Rated to 32,000 
psi. No O-rings, threads 
or sealants required. 
Lee Restrictors. Single and multi
orifice restrictors. Over seven 
hundred standard models. 200 
to 2.2 million Lohms. 

Lee Chek. All-metal check valves. Forty-five 
standard models. 8 to 400 Lohms. 

Lee Pri. A pressure relief valve in insert form . 
One hundred fifty standard models. 100, 
200, and 400 Lohm capacity. 20 to 3,500 psi 
cracking pressure. 
Lee Directional Flow Contro l. One hundred 
fifty-four standard models. 40 to 20,000 Lohms 
in metered direction. 12 to 470 Lohms in free
flow direction. 

Lee Restrictor Chek. Forty standard models. 
1.000 to 10,000 Lohms in metered direction. 
No flow in opposite direction. 

Lee Flosert. Forty-two standard models. Constant 
flow rate between 0.1 and 5.0 gpm. Pressure com
pensation between 100 and 3,000 psi. 

Steady hands. 
It takes a special brand of dedication to manu

facture products of such precision and high reli
ability. Lee combines state-of-the-art machining 
methods with careful hand assembly by skilled 
craftsmen. Whafs more, we take the time for 

100% inspection 
and testing. This kind 
of care results in the 
high reliability and 
long life for which 
Lee components 
are noted. 

~~ .... , Why reinvent the wheel? 
No company is better suited to 

provide you with the right standard or 
special hydraulic component than Lee. 
To find out more, send for your free 
copy of the Lee Technical Hydraulic 
Handbook Essential reading for the 
designers of hydraulic systems. 
For today. And for tomorrow. 

Lee Directional Flow Control. Shown 
actual size. Designed for control 
systems used in commercial and 
military aircraft around the world . 

lEE;OO ; ;oru( 
The Lee Company 
Technical Center 
Westbrook. CT 06498-0424 
(203) 399-6281 Telex 22-1380 
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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 . Prints to 8Y2 
inch width. (Inquire about 12-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 Marketing 
Manager, Recorder Products, Raytheon Company, 
Submarine Signal 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. 

Raytheon 
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THERE'S A NEW 
STANDARD IN REAL·TIME 

OMPUTING FOR MEASUREMENT 
AND CO "c)L 

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

t L-- L-- L-- L-- L-- l...-- L-- L-- '1.. 

Cost-effective real-time computing power coupled 
with standards like VMEbus,H.t X Window system ,TM 
DECnet ,H.t 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 
Send to Concurrent Computer Corp., Dept. MC-2, 
106 Apple Street , Tinton Falls, NJ 07724 
o Send me my Information starter kit for 

l measurement & control applications 
o Send me Informatton 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 ___ Zlp _ _ _ 

~ 
~ 
[ 
l 
[ 

Go for the gold! For your real-time Information starter [ Phone l 
kit for measurement and control appl ications, send in Myapphcatlon1s ____________ _ 

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

Concurrent 
Computer Corporation 

VMEbus'~ 's a Irademark of MOlorola Corporahon X W,ndow syslem'~ IS a Irademark of MIT 
DECne(" IS a trademark of 0'9 lal Equ.pmenl Corporaiion UNIX' IS a Iradem~rk of AT&T Circle Re.der Action No. 581 
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1990 will mark the Gall/eo spacecraft's first loopIng orbit 
around the sun as It gains enough momentum to swing 
outward to Jupiter. When it reaches the giant planet In 
December 1995, Gall/eo will release a probe (Illustrated 
above) that will descend by parachute and make the 
first direct measurements of Jupiter's fast·splnning 
atmosphere. See page 12 . 

DEPARTMENTS 
On The Cover: This striking 
vIew of the solar corona 
was prepared from data 
supplied by NASA's Solar 
Maximum MissIon satellite. 
Nen year NASA will launch 
a new spacecraft called 
Ulysses that will study the 
sun's Immense energy 
fields from a three
dimensional perspective 
for the first time. Turn to 
page 12. (Photo courtesy 
NASA) 

Slated for launch nen 
June, the Gamma Ray 
Observatory will 
Investigate stellar and 
Intergalactic phenomena In 
deep space. The 15-ton 
craft is managed for NASA 
by the Goddard Space 
Flight Center In Greenbelt, 
MD. 
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• • • .Build Your • • • • 
• • • • 

• • Future • • 
• • • • 

• with • 
• Newport • 

• • 
• 

Because you need 
a lot more than specifications, 
it's a lot more than a catalog 

All new for 1989 
The Newport Catalog has 

always been the most convenient 
place to find research-quality laser 
and optics products. Now, with the 
addition of over 100 new products 
and an easy-to-use format, it's 
even better. 

Reserve your copy 
Order your copy of the new 

Newport Catalog by circling the 
reader service number or calling us 
at (714) 965·5406. 

~ r\Jevvport 
-

Unshakeable QUality 

Newport Corporation 
18235 Mt. Baldy Circle 
Fountain Valley, CA 92708 
Europe: Newport GmbH 
Ph.06151-26116 
UK: Ph. 05827·69995 

SOOpages. it:' by'arthemoJt~'" 
to precision loser and optia componenIJ. 
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Real Time 
Video 

On 
Workstation 

Displays 

~ooo'-

OIf------::----+1G 
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R G. NTSC 

RGBIView™ 2000 

NTSC 

The RGB !View video d ispla y controller 
integrates real-time vid eo with comp uter generated 

text and graphics on high resolution, displays. 

The RGB!View accepts comp osite video 
(NTSC or PAL) or RGB component signals 

from a camera, tape recorder or video disc. 
Full motion video is displayed as a window 

on the workstation scree n. 

• Supports all high resolution 
computer systems 

• Frame buffer independent 

• Output to the computer monitor 
or to a high resolution projector 

• No processing burden on the computer 

· 100% software compatible 

• Full 24-bit color; highest quality 
video image 

• Video window control from the 
front panel or RS-232 port 

• Text and g raphics overlay on the 
video using chroma keyer 

• Made in the USA 

TECHNOLOGY 
2550 Ninth Street Berkeley, CA 94710 

TEL: (415) 848-0180 FAX; (415) 848-0971 
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3D Laser Imaging 
in a Practical Package 

The Od tic 3 D Laser Imaging ystem 
provide ver atile machine vision for a variety 
of application . 

The ystem provide high quality 
concurrent range and video images with an all 
digital output. 

The compact, lightweight, low power~ 

consumption unit is self contained and ready 
for immediate in tallation. Its robu t 
con truction and reliable performance 
independent of ambient illumination, make it 
uitable for many demanding applications. 

To learn more about the Odetics 3D La er 
Imaging Sy tem, call our vi ion experts today. 

Circle Reader Action No. 346 

Odetics 
Advanced Intelligent Machines Division 

ISIS outh Manche ter Avenue, Anaheim, alifornia 92 02-2907 
<ll7 14 758-0300 TLX 37 16642 Fax 714491-9 5 



New ProduClldeas 
New Product Ideas are Just a 
few of the many Innovations 
described In this Issue of NASA 
Tech Briefs and having promising 
commercial applications. Each Is 
discussed further on the 
referenced page In the appro-

prlate section In this Issue. If you 
are Interested In developing a 
product from these or other NASA 
Innovations, you can receive fur
ther technical Information by re
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 24). NASA's patent-llcensln 
program to encourage commer
cial development Is described 0 
page 24. 

Internal Correction of 
Errors in a DRAM 

A 256K dynamic random-access mem0-

ry circuit incorporates a Hamming error
correcting ccx:le in its layout. In oomparison 

With zjr 
qf 

you get. .. 

with the use of separate error<ietecting 
and error-correcting circuit chips, this 
feature provides faster detection and cor
rection of errors at less cost in amount of 
equipment, operating time, and software. 
(See page 30). 

... simultaneous X Windows capability within Microsoft Windows, 

... system responsiveness approaching expensive workstations, 

.. . graphic communications between MS-DOS and UNIX computers, 

... the freedom to switch displays to suit your application, and 

... full X11 Release 3 functionality while retaining the use of your 
desktop 286 or 386 PC. 

Priced at $395 
To Order your copy, 
CALL (714) 978-6201 
FAX (714) 939-0746 

s-~ Integrated 
_ ___ Inference 
=-- ":' = Machines 

X111AT Is a trademark of Integrated tnference Machines. Inc. 1468 E. Katella Avenue. Anaheim. CA 92805. 
286 and 386 are trademarks of Intel Corporation. Microsoft Is a trademark of Microsoft Corporation. 
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Compliant Prosthetic or 
Robotic Joint 

A rotating jOint behaves much like a 
knee, knuckle, or hip-ta-Ieg joint. The joint 
can be used in a prosthetic device to re
place a diseased or damaged human jOint 
or in a robot linkage to limit movement and 
cushion overloads. (See page 51). 

Multiple·Cantilever 
Torque Sensor 

High stiffness, high resolution, and ease 
of fabrication are among the features of a 
specially designed torque sensor. The 
device is flexible and sensitive to torque 
about its cylindrical axis and stiff enough to 
be insensitive to bending about any per
pendicular axis. (see page 50) 

Planar Antennas on Thick 
Dielectric Substrates 

Planar antennas on thick dielectric sub
strates have been built for use at mil
limeter wavelengths from 40 to 400 GHz. 
Antennas of this type are quasi-optical 
structures for which expensive, precisely 
machined waveguides are not required. 
(See page 26). 

Ground·Sensing Circuit for 
Arc Welders 

A ground-sensing circuit for an arc
welding power supply prevents arc burns 
at loose ground connections on the work
piece. The welding power supply is con
nected to the workpiece via four ground 
leads; if any of these connections is 
broken, the protective circuit turns off the 
input power. (See page 32) . 

Optical Matrix-Matrix 
Multiplier 

A proposed apparatus for the optical 
multiplication of two matrices would be 
based on the Stanford optical vector .ma
trix multiplier. Unlike previous matrix.ma
trix optical processors, this one does not 
require the redundant representation of 
one of the matrices. (See page 42). 
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DJey dun~ Put it ro the ten in §PilOO 
until we help Put it ro the ten un ~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 
excel lence 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 & Kjeer .-
Bruel & Kjaer Instruments, Inc. 

185 Forest Street, Marlborough , Massachusetts 01752 · 508-481 -7000 ' FAX: 508-485-051 9 
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, 
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The View From The Field Centers 
In the following articles, the direc

tors of NASA 's nine field centers 
provide an inside look at tbe agen
cy's planned researcb projects and 
missions for 1990 and beyond. For 
more information on a particular 
project, contact the Technology Utili
zation Officer at the center sponsor
ing the research (see page 24). 

A New Era 
Begins At 
NASA Ames 

Dale Compton, Director 
Ames Research Center 
Moffett Field, CA 

A s Ames Research Center enters a 
new decade, we also are preparing to 

enter our second half century of service 
as a premier national laboratory. This year, 
we celebrated our 50th anniversary and 
our many discoveries and accomplish
ments in the fields of aerodynamic re
search, computational fluid dynamics, 
infrared astronomy, and human factors 
studies. 

Today the demand on us for technology 
to fuel the nation's economy is stronger 
than ever. Our aerodynamic research ex
tends from conventional aircraft to ex
traterrestrial atmospheric probes and 
hypersonic planes. We fly computer-gen
erated aerospacecraft in our state-of-the
art supercomputing facility and maneuver 
rotorcraft in sophisticated flight simula
tors. Another research effort looks at how 
computers, linked with machines, can use 
artificial intelligence technology to aug
ment human activities on Earth and in 
space. 

We are particularly excited about three 
new facilities that will be completed in the 
early 1990s. One is the reconstructed 
Twelve Foot Pressure Wind Tunnel (12' 
PWT). The original 12 ' PWT came into ser
vice in 1946 and provided extremely clean, 
lIIustr. tlon of Ames' Twelve Foot 
Pressure Wind Tunnel 
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uniform aerodynamic flow with wind ve
locities nearing the speed of sound. The 
tunnel 's hallmark, however, was the com
bination of these characteristics with the 
ability to operate at pressures up to six 
atmospheres. This high pressure was 
needed to model the airflow properly on 
the scale model aircraft tested in the 
tunnel. 

In response to increasing national de
mands for high-pressure operation, Ames 
has undertaken a project to modernize the 
12 ' PWT. The replacement tunnel will 
boast the same fine flow characteristics 
as its predecessor, but will also feature 
improvements in measurement systems, 
model preparation areas, and test section 
access. 

A new Ames facility due to enter ser
vice in March 1990 is the Human Per
formance Research Laboratory (HPRL), 
which will house the Aerospace Human 
Factors Research Division. Just as certain 
dimensional standards are necessary in 
the home for us to live comfortably, so 
does human factors research attempt to 
find the " standards" that will help astro
nauts, pilots, and air traffic controllers 
work safely and efficiently. Human fac
tors studies require the collaboration of 
scientists, engineers, psychologists , be
haviorists, and sociologists. These profes
sionals work together to optimize flight 
crew schedules, arrangements for living 
quarters, and equipment design. 

The HPRL is a two-story facility con
taining 65,000 square feet for laboratories 
and offices and a 12,000-square-foot high 
bay designed to accommodate a set of 
full -scale manned mission mockups. Re
searchers will use the mockups to de
velop technologies vital to space station 
Freedom and to lunar and Mars missions. 

The third new facility at Ames is the 
Automation Sciences Research Facility 
(ASRF), scheduled for completion in 1991 , 
which will support the Information Sci
ences Division. This division is studying 
the dynamic new field of artificial intelli
gence (AI). Of spec ial interest is the tech
nology of machine intelligence, which 
involves the use of computer power to 
create systems that can adapt to new 
situations and perform complex tasks 
with a minimum amount of direction by 
the human user. Employing tactile, visual , 
or other sensory feedback, these auto
mated systems will work with , or in place 
of, humans. In space, intelligent systems 
will construct orbiting stations, perform 
extraterrestrial exploration , and operate 
aerospace installations. America's space 
program goals depend on continuing ad
vances in AI. 0 

The 
"Second Act" 
Of Planetary 
Exploration 

Dr. Lew Allen, Director 
Jet Propulsion Laboratory 
Pasadena, CA 

T he year now drawing to a close has 
been an eventful and moving one for 

us at the Jet Propulsion Laboratory (JPL). 
In 1989 Voyager 2 made its historic flyby 
of Neptune, concluding what might be re
garded as the the first act of planetary ex
ploration - the initial wave of missions 
that, from the 1960s onward, afforded us 
our first close look at the rest of the solar 
system. At the same time, NASA was busy 
returning the space shuttles to full oper
ating status. In the process the agency 
launched two spacecraft whose missions 
have been keenly awaited by planetary 
scientists - Magellan to Venus, and 
Galileo to the Jupiter system. 

These developments leave JPL poised 
for a brisk year in 1990. In the months 
ahead Galileo and Magellan will execute 
key events in their missions. We also will 
be moving forward with other unmanned 
missions in various stages of planning 
and development. And as an indispens
able background to such flight projects, 
JPL will be engaged in technology re
search efforts in such areas as computing 
and microelectronics. 

For Galileo, the coming year will mark 
the spacecraft's first looping orbit around 
the sun as it gains enough momentum to 
swing outward to Jupiter. Galileo former
ly was to take a direct trajectory to the 
giant planet, but a change in upper-stage 
boosters made it necessary for the craft 
to fly by Venus once and Earth twice to 
borrow energy from "gravity assists." 
Galileo will encounter Venus in February 
1990, and then will make its first Earth 
flyby in December. As a dividend, both 
flybys offer the opportunity to perform 
science operations. Following a second 
Earth flyby in December 1992 and one or 
possibly two asteroid encounters, the 
Galileo orbiter and its atmospheric entry 
probe will reach Jupiter in December 1995. 

A crucial event in mid-year will be 
Magellan 's arrival at Venus. Magellan 
is equipped with a synthetic-aperture 
radar to make high-resolution maps of 
Venus through the planet 's dense cloud 
cover. Magellan 's orbit insertion in August 
will be followed by 243 days of mapping 
operations. 
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Flight Telerobotic Servicer 

SCHAEFFER 
WORLD'S MOST EXPERIENCED SOURCE 

FOR SPACEFUGHT ELECTRIC MOTORS 
ACTUATION COMPONENTS AND SYSTEMS 

NASA's Flight Telerobotic 
Servicer will be one of the 
most sophisticated 
spaceflight tools ever made. 
On the cutting edge of 
robotics technology, FTS will 
perform a variety of tasks in 
space. 

It can be used in adjusting 
and replacing components in 
space vehicles while they are 
in orbit. 

FTS will help astronauts to 
assemble and maintain Space 
Station Freedom. 

To perform such complex 
motions each telerobot 
depends on 19 Schaeffer 
Magnetics joint actuators. 

Schaeffer was selected by 
Martin Marietta to supply 
the FTS actuators because of 
Schaeffer's record of 
exceptionally high product 
reliability. 

THE 

DRIVING FORCE 

IN SPACEFLIGHT 

ROBOTICS 

Schaeffer's remarkable 
23-year history is 
underscored by literally 
hundreds of successful space 
applications. 

There are 57 Schaeffer 
actuators in a variety of 
applications on the Hubble 
Space Telescope alone. 

A lot more can be said about 
Schaeffer - flying the first 
actuators out of our solar 
system aboard Pioneer 10, 
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TDRSS antenna gimbal 
drives, exclusive use on 
Viking Mars life science 
instruments, the Voyager 
visits to Neptune, Uranus, 
Jupiter and Saturn as well as 
numerous other planetary 
explorations . 

Schaeffer is, by far, the 
world's most experienced 
source for spaceflight 
motors, actuation components 
and systems. 

An unparalleled record of 
mission success. 

Clearly . . . those who 
know SCHAEFFER 
prefer SCHAEFFER 

\\\\\\\ ~9.~~WJg~, INC. 

9 1 5 Deering Avenue 
Chatsworth, CA 9 1311-5897 
Telephone (818 ) 341-5156 
1WX: 910-494-4777 
FAX: (818) 341-3884 



In thIs ertlst's concept, the GelllBO orbiter Is 
pesslng Jupiter's setelllte 10 on Its wey Into 
Its first orbit eround Jupiter. 

October will see the launch of another 
explorat ion craft, Ulysses. Built by the 
European Space Agency (ESA), Ulysses 
will be launched by NASA on the space 
shuttle. It will travel first to Jupiter, whose 
gravity will bend Ulysses 's trajectory up 
and away from the plane in which the plan
ets orbit the sun. This unique solar orbit 
will enable the craft to study the sun's im
mense energy fields from a three-dimen
sional perspective for the first time. 

Throughout 1990, a number of other JPL 
flight projects will continue in develop
ment. Topex/Poseidon, an Earth satellite 
to map world ocean levels, is planned for 
a 1992 launch on a French Ariane rocket. 
Also slated for launch in 1992 is the Mars 
Observer, an orbiter which will relay highly 
detailed photo maps and climatological 
data on the red planet. 

This fall, congress approved a new JPU 
NASA flight project called the Mariner 
Mark II. In 1990 we will move forward with 
two missions planned under this project. 
The Comet Rendezvous Asteroid Flyby 
(CRAF) spacecraft, to be launched in 1995, 
will encounter an asteroid on its way to 
meeting Comet Kopff near the orbit of 
Jupiter. CRAF will then fly alongside 
Kopff for at least three years as the comet 
moves inward toward the sun. The second 
mission under Mariner Mark II is Cassini, 
scheduled for launch in 1996. A joint proj
ect with the ESA, Cassini will go into orbit 
around Saturn for extended studies of the 
ringed planet and its moons. 

Ground support will be enhanced as 
more elements are added to the Space 
Flight Operations Center, a ground-data 
system supporting many unmanned mis
sions. New ground equipment will also be 
installed at the various complexes of the 
Deep Space Network (DSN), the global 
system of antenna stations which carry 
out mission tracking, commanding, and 
telemetry. In addition to its mission sup
port, the DSN conducts solar system radar 
studies and very long baseline interfero-
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metry (VLBI) research . 
JPL has a variety of ongoing technology 

development projects . The Center for 
Space Microelectronics Technology is 
researching such areas as solid-state 
devices based on gallium arsenide, sys
tems to enab le optical computation and 
commun icati on for fli ght missions, and 
electronic neu ral networks. Work in auto
mation and robotics will bring about so
phisticated new generations of unmanned 
spacecraft and greatly simplified ground 
systems. 0 

Goddard's 
Top Priority: 
Human 
Resources 
Dr. John Townsend, Jr. , 
Director 
Goddard Space Flight Center 
Greenbelt, MD 

A t Goddard, we are looking to the 
future with confidence. We have out

standing missions planned and - with 
the dramatic reduction of launches 
characterized by the post-Challenger era 
now at an end - we foresee a revitaliza
tion of our programs which will strengthen 
our human resources, expand our facil
ities, and rekindle the pride we all have 
felt in being active participants in the 
space program. 

Approved missions we are looking for
ward to include the Roentgen Satellite, 
an x-ray telescope and imaging system 
slated for launch next year which will con
duct a sweeping survey of x-ray sources; 
the Hubble Space Telescope, the man
agement of which will be transferred to 
Goddard after launch next March; the 
Broad Band X-Ray Telescope, a Spacelab 
astronomy mission scheduled for April 
1990; the Gamma Ray Observatory, a 15-
ton craft that will provide information 
about the nature and distribution of mat
ter near the center of the Milky Way 
galaxy; the Extreme Ultraviolet Explorer, 

a 1991 mission that will study the entire 
celestial sphere in the extreme ultraviolet 
spectrum; and the Upper Atmosphere Re
search Satellite, which will investigate the 
middle and upper atmosphere. 

Goddard will continue to be responsible 
for Tracking and Data Relay Satellite Sys
tem launches, as well as for the launches 
of the National Oceanic and Atmospheric 
Administration (NOAA) polar-orbiting sat
ellites ~nd geostationary meteorological 
spacecraft. And we will proceed with our 
scientific research using balloons and 
sounding rockets, a program managed by 
our facility at Wallops Island, VA. 

In coming years, Goddard will man
age the Earth Observing System (EOS) 
program, a cooperative effort with the 
European Space Agency and the Japa
nese Space Development Agency to 
understand the Earth as an integrated 
system. Unmanned platforms equipped 
with remote sensing instruments will be 
launched into polar orbit so that all parts 
of the Earth can be viewed and studied . 
EOS instruments will track global environ
mental change and document the com
plex interactions among the land, sea, and 
air. The platforms will make measurements 
for 15 years, beginning in the latter half 
of the 1990s. 

As is the case throughout NASA, God
dard has lost many middle managers and 
experienced technicians. Thus, as we 
look towards new missions, we must 
al so recognize the need to strengthen 
our human resources. In my estimation, 
people remain our most important asset 
and the top priority of our curren t and 
future planning is to nurture the cente r's 
human resources . The second priority is 
to reinforce, and in some cases to re
build , the technology base in instruments, 
spacecraft , and ground systems. 0 

JSC's 
Technology 
Strategy 

Aaron Cohen, Director 
Johnson Space Center 
Houston, TX 

W ith the President's establishment of 
a long-term U.S. space strategy, the 

Johnson Center now has a focus - a 
long-term goal to which we can all work -
and we're ready to step out and ac
complish great things. 

To support the Human Exploration 
Initiative, the Johnson Center will be con
centrating on three areas in 1990: regen
erative life support, human performance, 
and EVA (extravehicular activi ty). All three 
areas are key to future manned explora
tion . And all three are areas in which JSC 
has a wealth of expertise and experience. 

I believe that we must have a highly 
reliable regenerative life support system 
if we're going to be able to build and sus
tain a lunar base or undertake a manned 
Mars mission. Regenerative life support 
technology is necessary, for example, to 
meet the water and air revitalization needs 
of a crew during a long flight to and from 
Mars. Without regenerative systems, the 
storage and weight demands for water, 
oxygen, and carbon dioxide removal sys
tems would be prohibitive. 
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The Johnson Center Is Inllestlgatlng a 
number of technologies to support future 
EVA actlllities. This illustration shows a 
proposed tool cart which would support 
surveying and construction work on the 
moon. 

Human performance is another area reo 
quiring special emphasis. We don 't know 
how man will be affected by long·duration 
zero·gravity, or even long·duration one· 
third gravity on Mars or one·sixth gravity 
on the moon. We also have much to learn 
about the psychological and social as· 
pects of long·duration missions, health 
maintenance and trauma treatment in 
space, and radiation protection . There 
are many technical issues in human per· 
formance; we will develop our detailed 
plans to address and resolve these issues 
in 1990. 

EVA, the widely·known acronym for 
spacewalks, is a third critical area for 
technology research and development at 
JSC. Even though we have already used 
EVA suits on the moon during Apollo and 
have a new suit planned for the space sta· 
tion , it will take an advanced lightweight 
suit designed for walking and climbing to 
support lunar and Mars exploration. Hav
ing a space suit on the Martian surface, 
where the astronaut is nine months away 
from getting a replacement suit and is 
working in one-third gravity, will require 
ease of maintenance and high reliability. 

JSC has established teams of experts 
in each of these areas to assess the cur
rent and desired states of the technology 
and to develop implementation plans to 
ensure that we achieve our goals. The 
Special Emphasis Technology teams have 
made substantial progress in a very short 
time. The Regenerative life Support 
Team, for example, has identified four 
broad areas of technology focus and is 
creating a plan to implement activities in 
these areas. In addition, they are devel
oping a test bed in one of JSC's test 
chambers to analyze the interactions be
tween biological and physical-chemical 
life support systems. 

JSC has also instituted a center-wide 
technology management process de
Signed to regularly assess and provide 
direction for the development, transition 
ing, and use of technologies. It includes 
a means to strengthen the technologies 
base and the planning capability of JSC 
down to the division level. Most important
ly, it provides a way to coordinate tech
nology development activity across the 
center and with other centers and outside 
organizations. 0 
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Kennedy 
Prepares For 
Nine Shuttle 
Flights In '90 
Lt. Gen. Forrest 
McCartney, Director 
Kennedy Space Center 
Florida 

W e begin the new decade at the 
Kennedy Space Center with dedica

tion to our mission and pride in our past 
accomplishments. Since September 29, 
1988, KSC has processed and flown all 
three orbiters in America's fleet. This in
cluded the successful processing of 
two Tracking and Data Relay satellites, 
two major scientific spacecraft - the 
Magellan Venus mapper and the Galileo 
Jupiter probe - plus important Depart
ment of Defense (DOD) cargo. Numerous 
secondary payloads were also processed 
and flown to increase our understanding 
of Earth and our own physiology. 

In August of this year, the world mar
veled as the Voyager 2 spacecraft, 
launched from KSC in 1977, sent home 
pictures that revealed the mysteries of 
Neptune and its moon, Triton. Today we 
stand poised on the brink of a golden age 
of science, one in which we will probe the 
history of our galaxy and unknown vistas 
beyond. 

The Hubble Space Telescope, the larg
est astronomical instrument ever placed 
into orbit, will be launched as the second 
payload of 1990. (The first flight will be 
dedicated to a DOD payload.) Working 
above Earth 's atmosphere and pollution , 
Hubble will expand the volume of visible 
space by 350 times over Earth-bound 
observatories. It will enable us to see ob
jects an estimated 14 billion light years 
away, giving scientists a chance to ex
plore the mysteries of pulsars, quasars, 
black holes, and other phenomena of a 

. turbulent universe. 
Astronomical sciences will again be the 

focus as a later mission carries two ad
vanced star-searching devices: Astro-1 
and the Broad Band X-Ray Telescope 
(BBXRT). Astro-1 , the first in a series, will 
make measurements of Supernova 1987A, 
the closest observable supernova in 400 
years. The BBXRT will probe the mysteries 
of stellar coronae, binary stars, and clus
ters of galaxies. 

Next, the Gamma Ray Observatory will 
study stellar and intergalactic phenomena 
in deep space. On the same mission, 
slated for June, astronauts will perform a 
second Solar Backscatter Ultraviolet Ex
periment to study ozone trends. The first 
of these critical experiments was flown in 
late 1989 on STS-34. 

Following another DOD mission, the 
Spacelab life Sciences will be launched. 
The first space shuttle flight dedicated 
wholly to life sciences, the SLS-01 will in
vestigate the effects of weightlessness on 
both man and animals. Four major study 
areas are planned: cardiovascular and car
diopulmonary, metabolic and hematology, 
vestibular, and general biology. 

Scientific research will next focus on 
the sun with the October deployment of 
the Ulysses spacecraft. Its planned four
and-a-half-year mission will probe many of 

the sun 's mysteries. 
A November mission will transport the 

German-developed SPAS platform. SPAS 
is a free-flying platform designed to carry 
a variety of experiments away from the 
shuttle and then return to be lifted back 
on board by the remote manipulator arm 
for the trip home. 

The final 1990 shuttle mission will loft 
into space the International Microgravity 
Laboratory to study the effects of 
microgravity on material and life sciences 
processes. From plant physiology to 
vestibular (inner ear/balance) research , 
this unique lab will gather data vital for liv
ing and working in space. 

But not all the science will be taking 
place overhead. Although KSC is primarily 
a launch facility, carefully focused re
search efforts push the leading edge of 
technical knowledge in areas ranging 
from artificial intelligence to developing 
ways to grow plants in colonies away from 
Earth. 

In the latter project, called the Con
trolled Ecological Life Support System 
(CELSS), experimenters are learning how 
to grow edible food in the absence of soil , 
gravity, and normal sunlight. Using a 
computer-controlled " closed" environ
ment and a nutrient feeding system , the 
team has successfully grown three good 
crops of dwarf wheat. That knowledge 
may be essential to the success of long
duration space flight or a lunar colony. 

Other ongoing research focuses on the 
rapidly-expanding field of robotics. As 
humans begin to live in space, robots will 
become increasingly important in support
ing processing, flight, and space habitat 
requirements . KSC researchers are cur
rently studying robotics applications in 
hazardous ground operations during Shut
tle processing. Also under study is the 
automation of repetitive and critical pro
cesses that support the ground proces
sing of the orbiters and their payloads. 

With about $12 million in tunding , 
KSC 's research program is also an 
outreach effort . A major goal is to share 
knowledge and challenges with not only 
other NASA centers, but also with univer
sities, industry, the medical field, and the 
state of Florida. Recently, Florida Gover
nor Bob Mart inez signed a technology 
transfer agreement at KSC that will aid the 
state in tapping into the center's ongoing 
technology utilization (TU) program. 0 

Kennedy Center engineers test the electrical 
actuators, control assemblies, and ground 
support equipment of the ASTRO 1 Instrument 
Pointing System_ 
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Set-up 

•

"' ............. -:: with virtually any host computer 
or operates through its 

is simple. Plug in the cables 
and you 're up and running. 
Klinger 's DCS750 Motor 
Controller/Driver is com
pletely integrated with 
controller modules, power 
supplies and amplifiers. 

What's more, with its 
advanced programming 
power and ergonomic 
design, the DCS750 is a 
breeze to operate. It can 
simultaneously control up 
to four DC motor driven 
positioners in closed loop 
operation with pinpoint 
precision and minimal 
effort. 

So when you want to step 
up the sophistication and 
performance of your appli
cation, the DCS750 steps up 
productivity as well. Right 
out of the box! 

A NEW DIMENSION IN 
PERFORMANCE. 

Equipped with both 
RS-232-C and IEEE-488 
ports, the DCS750 interfaces 

complete array of front 
panel controls to enhance 
performance. A command 
buffer rel ieves communica
tion bottlenecks. And the 
system accepts and exe
cutes new commands on 
any axis from either inter
face, even while running a 
program. 

The DCS750 allocates 
16K bytes of non-volatile 

memory for program 
storage. All velocity, accel
eration and PID parameters 
are programmable, pre
served and automatically 
restored after power-up 
or reset. 

THE VERY BEST IN 
PROGRAMMING. 

The DCS750's 
instruction set 
60 powerful com-
mands that make 

And an on-board editor 
and compiler reduces 
software develop
ment and debugging 
time. 

In addition , the 
DCS750 can be 

programmed with 
"soft" travel limits for the 

positioner. Repeatability 
is assured by Klinger 's 

unique home-seeking Origin 
Search function. 

And the DCS750 works 
with most DC motors and 
over 1,000 Klinger micro
positioners and mou nts. 

To learn more about the 
DCS750 and the thousands 
of other Klinger microposi
tioners and systems, write or 
call for our free microposi
tioning handbook and motor 
controller brochure. Klinger 
Scientific Corporation , 
999 Stewart Avenue, 
Garden City, NY 11530. 
(516) 745-6800 
FAX: (516) 745-6812. 

Building better positioning systems, 
piece by perfect piece. 

. . U.S.A. Headquarte.rs: 999 Stewart Avenue, Garden City, NY 11530 (516) 745-6800 Fax (516) 745-6812. 
RegIonal OffIces: Northern CalIforn ia (415).969-0247; Southern California (714) 999-5088. In Canada: Longueuil , Quebec (514) 442-4666. 

WorldWide dlstn butlon network: Contact Mlcro-Controle, Z.l. de St. Guenault, B. P 144, 91005 Evry Cedex, France. Tel. 33(1 )64.97.98.98 
FAX 33(1)60.79.45.61. . 



Lewis: Building 
For Tomorrow's 
Achievements 

Dr. John Klineberg 
Directot 
Le·wis Research Center 
Cleveland, OH 

A t Lewis Research Center we are ex
cited as we begin the last decade 

before the year 2000. As NASA's lead 
center for aircraft propulsion, space pro
pulsion, and space power, we know that 
the work we do today will have an enor
mous impact on our nation 's ability to 
meet its goals for air and space travel in 
the 21 st century. 

In the year ahead, we expect to make 
major progress in our propulsion research 
for high-speed aircraft, the development 
of the Advanced Communications 
Technology Satellite (ACTS), the applica· 
tion of high-temperature superconduc
tors, and the development of space power 
and propulsion systems for future mis
sions to the moon and Mars. 
High-Speed Ai rcraft 

The growing need to travel quickly to 
the economic centers of the Pacific Basin 
is expected to create the need for as many 
as 1500 supersonic airliners by the year 
2025. To help prevent the United States 
from losing this significant market to ag
gressive foreign competitors, NASA's 
High·Speed Civil Transport (HSCT) tech
nology initiative will help U.S. aircraft 
manufacturers determine the feasibility of 
building and marketing economical , en
vironmentally acceptable aircraft that 
could fly at two to four times the speed 
of sound. Th is type of aircraft could carry 
350 passengers from New York to Tokyo 
in four hours. 

As part of the HSCT initiat ive, Lewis 
researchers are evaluating a variable cy
cle propulsion concept that will provide 
noise levels acceptable to the communi
ty, a substantial reduction in fuel con
sumption, and extended life at sustained 
high operating temperatures. Research is 
also continuing on the supersonic 
through-flow fan concept that may 
significantly improve the economics of 
future supersonic transport engines. 

Moreover, our engineers are designing 
air-breathing propulsion systems for 
hypersonicitransatmospheric cruise 
vehicles that can take off and land on con
ventional runways, cruise at more than six 
times the speed of sound in the at· 
mosphere, or accelerate into space. 

For the National Aero-space Plane 
(NASP) Program - which seeks to build 
an experimental hypersonic vehicle by the 
end of the decade - we will continue to 
provide support in low-speed propulsion, 
high-temperature materials and struc· 
tures, propulsion controls, computational 
flu id dynamics, and cryogenics . We plan 
to activate the Hypersonic Wind Tunnel 
at our Plum Brook site and have modified 
a cryogen ic facility to manufacture the 
slush hydrogen that will fuel the ex· 
perimental flight vehicle. 
ACTS 

In conjunction with U.S. industry, Lewis 
engineers are preparing the Advanced 
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Commun ications Technology Satell ite 
(ACTS) for launch aboard the Space Shut
tle in 1992. ACTS will make satelli tes more 
economical and access ible by serving as 
a " switchboard in the sky." ACTS will 
feature onboard digital process ing, 
storage, and switch ing using mult iple 
hopping spot beams. It will enable 
satell ites to eff ic iently send signals 
simultaneously to thousands of very small 
ground terminals. Corporations, univer
sities, and government agenc ies who 
could benefit from advances in satellite 
communications have been invited to 
design experiments that will evaluate the 
key ACTS technologies. 
High-Temperature Superconductiv ity 

Lewis scientists in cooperation with 
researchers at Argonne National 
Laboratory, are exploring how high· 
temperature superconductors can benefit 
aerospace technology. Earlier th is year, 
Lewis researchers used yttrium barium 
copper oxide to produce the first elec
tronic circuit able to operate at 33 to 37 
gigahertz, a frequency range more than 
three times higher than currently·used cir
cuits. These super-high frequency circuits 
will allow satellites to triple the number 
of link-ups they can handle and may 
dramatically improve communications 
and data systems here on Earth. 
Space Power For Future Missions 

With space station Freedom scheduled 
to be operating by the year 2000, we are 
entering the final stages of the develop
ment and testing of its power system. 
Much of what has been learned in creating 
this power system will be used to design 
components and systems that will assure 
sufficient, reliable power for future NASA 

Towards Future 
Flight 

Richard Petersen, 
Director 
Langley Research Center 
Hampton, VA 

L angley Research Center plays a lead
ing role in the development of ad

vanced aeronautics and space technol
ogy, largely attributable to the quality of 
our staff and to our unique research facil 
ities, currently valued at over $1 .5 billion. 

In 1990 Langley's technology thrusts 
will include transatmospheric research , 
Earth Observing System experiments, and 
the Aeroassist Flight Experiment. 
Transatmospheric Research 

The transatmospheric research pro· 
gram seeks to demonstrate, by the mid-
1990s, the potential for aerospace vehi
cles to take off and land horizontally from 
conventional runways, sustain hypersonic 
cruise and maneuver in the atmosphere, 
and accelerate to orbit and return to Earth. 

Assuming adequate funding , by the end 
of 1992 a technology base will be estab
lished to determine whether sufficient 
progress has been made to proceed with 
design and development of the X-30 re
search vehicle , under the National Aero· 
space Plane (NASP) Program. In support 
of NASP, a major effort in the theory, anal
ysis, and measurement of laminar to turb
ulent boundary layer transition will be 

~ 
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Artist's conception o f the National Aero-Space 
Plane 
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missions such as the lunar outpost and 
piloted mission to Mars. In the year ahead, 
space power researchers at Lewis will 
begin developing very lightweight nickel· 
hydrogen batteries for applications on 
geosynchronous spacecraft , fuel cells for 
planetary miSSions, and ultra-lightweight 
photovoltaic solar cells for new NASA 
missions. 

Work is continuing on the free·piston 
Stirling engine, a dynamic conversion sub
system for solar or nuclear space power 
systems. And we are further refining com
ponents such as radiation tolerant indium 
phosphide solar cells and lightweight car
bon composite radiators. 
Space Transfer Veh ic le Propulsion 

Th is will be an especially exciting year 
in the area of space propulsion . We will 
begin developing a test bed liquid 
hydrogen/oxygen engine which could 
launch excurs ion veh icles from 10w·Earth 
orbit to the orbits of the moon or Mars. 
And for cargo vehicles needed for future 
NASA missions, our scientists are explor
ing high·performance electric propulsion 
systems. 0 

completed in 1990. This work, providing 
design criteria for both generic vehicle 
drag prediction and heat transfer at hyper
sonic speeds, utilizes the available low
disturbance wind tunnel facilities at LaRC. 
This data is needed by the NASP contrac
tors to accurately and consistently predict 
engine and airframe performance in their 
X·30 designs. 
Earth Observing System (EOS) 

Langley researchers have proposed 
four flight experiments for the first EOS 
mission: SAFIRE (Spectroscopy of the 
Atmosphere Using Far Infrared EmissionY, 
an effort to improve understanding of 
atmospheric ozone by conducting and 
analyzing global -scale measurements of 
important chemical , radiative, and dynamo 
ical processes; SAGE III (Stratospheric 
Aerosol and Gas Experiment), which will 
provide global profiles of aerosols, trace 
gases, cloud top height, and air density 
in the middle atmosphere; TRACER (Tro
pospheric Radiometer for Atmospheric 
Chemistry and Environmental Research), 
an experiment to measure multi -level 
global distributions of carbon monoxide, 
presenting a global view of this important 
chemical species; and CERES (Clouds 
and the Earth 's Rad iant Energy System), 
designed to expand knowledge of radia
t ive effects of cloud processes and the ir 
interact ion with the Earth 's climate. 

In 1990 Langley will focus on instru
ment definition and preliminary develop
ment along with definition of necessary 
data facilities , system engineering, and 
payload accommodation studies. 
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Molecu Wire: Your innovative source 
for specialty wire and ribbon 

Wm YOUR APPLICA

tion calls for "impossible" 
wire or ribbon, turn to 
Molecu Wire to insure your 
project's success. 

No matter how tough 
your process or product 
parameters-and no matter 
whether your field is aero
space or data processing ... 
medical devices or robotics 
... consumer electronics, 

telecommunications, 
appliances or virtually 
anything else-Molecu's 
accomplished team of 
experts can help make your 
application a reality. 

To guarantee the 
flawless wire or ribbon you 
need, Molecu's full-service 
capabilities include 
metallurgical and application 
R&D, product engineering, 
prototyping, complete in
house tool and diemaking, 
full-scale production with 
rigorous quality controls 
including SPC, and some of 
the most sophisticated 
testing available anywhere. 

Established in 1958, 
Molecu is a recognized 
leader in custom precision 
wire and ribbon design, 
engineering and 
manufacturing. We work 

Circle Reader Action No. 388 

with the world's foremost 
companies-from global 
giants to small, emerging 
firms-to pioneer 
tomorrow's products and 
technologies . . . today. 

To learn more about 
how you can put Molecu's 
one-of-a-kind wire and 
ribbon technology to- work 
for you, call us today at 
(201) 938-9473. Or write 
Molecu Wire, P.O. Box 
495, Farmingdale, New 
Jersey 07727. 
Fax: (201) 938-3189. 



Aeroassist Flight Experiment 
An important phase of future space 

transportation operations is the transfer 
of cargo and personnel from low- to high
Earth orbit. A class of craft known as 
aeroassisted orbital transfer vehicles 
(AOTVs) has been proposed for this task. 
By using the vehicle 's aerodynamic lift 
and drag forces to capture an orbit, 
payloads would be increased over an all
propulsion braking orbital transfer vehicle 
(OTV). Because of the lack of flight data 
at the high altitudes and velocit ies of the 
AOTVs, a precursor experiment called the 
Aeroassist Flight Experiment (AFE) will be 
performed. 

The AFE will investigate critical design 
issues for aeroassisted space transfer 
vehicles. Aerodynamic braking maneuvers 
will occur in upper regions of the Earth's 

Space Station 
On Target 
At Marshall 

Thomas Lee, Director 
Marshall Space Flight 
Center 
Alabama 

I n 1990 Marshall Center employees ex
pect to " hit the ground running ," step

ping up the work tempo on space station 
Freedom and meeting deadlines for the 
launch of the Hubble Space Telescope in 
March, while maintaining progress in 
many other critical programs and projects. 

America's next big program, space sta
tion Freedom, remains on target at Mar
shall , where the U.S. modules are being 
designed and assembled . These struc
tures are to be used for the living area, the 
laboratory, logistics, and four resource 
nodes required to interconnect the pres
surized elements and provide key control 
functions. Marshall will also have a large 
part of the responsibility for integration 
of the Japanese and European modules 
into the overall assembly, and for the sta
tion 's environmental control systems. 

A national goal which has been under 
consideration for years, the U.S. space 
station is scheduled to begin operation in 
the 1990s in low-Earth orbit where it will 
be permanently manned. 

The Hubble Space Telescope is 
scheduled for action in 1990 and will allow 
us to see planets, stars, galaxies, and 
other celestial objects with ten times finer 
detail than we now can with our best 
optical telescopes on Earth . Marshall has 
managed the design and development of 
the telescope, and will verify that , after at
taining Earth orbit, the telescope and 
20 

atmosphere, at or near geosynchronous 
return velocities, producing aerothermo
dynamic environments that cannot be 
readily simulated or modeled. The gen
erically-shaped spacecraft will be de
livered to low-Earth orbit by the shuttle. 
After separation, the AFE's solid rocket 
motor will drive the craft into the upper 
atmosphere to simulate speeds for return
ing from geosynchronous orbit and near 
that of lunar return . Data will be obtained 
during the high-altitude pass through the 
upper atmosphere and the vehicle will 
then return to low-Earth orbit, where it 
will be retrieved by the shuttle and 
transported back to Earth. 

In addition to designing the mission, 
Langley is responsible for ground-based 
tests and development of the integrated 
flight experiments package. 0 

ground support systems operate prop
erly ... a task expected to last several 
months. 

Marshall will continue to provide the 
main engines , external tank, solid rocket 
boosters, and Advanced Solid Rocket 
Motor for the space shuttle, and will in
vestigate new ways to meet the nation 's 
future space transportation needs. As 
NASA's lead center for propulsion sys
tems development, Marshall constantly 
studies and reviews the types of space 
vehicles which will best serve the nation . 

President Bush, in a major space policy 
add ress in July, proposed " ... a long 
range, continuing commitment. First, for 
the coming decade space station 
Freedom - our critical next step in all 
space endeavors. And next - for the new 
century - back to the moon . Back to the 
future. And this time back to stay. And 
then - a journey into tomorrow - a 
journey to another planet - a manned 
mission to Mars ." 

Marshall 's studies of Heavy Lift Launch 
Vehicles will be vital to these plans. 

Concepts being studied include both 
evolutionary vehicles such as the Shuttle
C and new vehicles envisioned in the Ad
vanced Launch System. Shuttle-C uses 
the shuttle propulsion system and ex
isting launch facilities but replaces the 
manned orbiter with an unmanned cargo 
carrier. If approved for production, it could 
be flying relatively quickly. It is designed 
to boost payloads of 100,000 pounds or 
more into low-Earth orbit and would give 
NASA an unmanned test bed for use in 
the first flight of an Advanced Solid 
Rocket Motor. Advanced Launch System 
studies envision both expendable and 
reusable vehicles with a pay load capabili 
ty ranging from 40,000 to 300,000 pounds. 

TN 
Memphis 
Nov 28 

WA 
Seattle 
Nov 7 

The following key indicates 
additional afternoon seminars 
that are offered with these 
seminar dates: 

(M) ORACIEMail: Uniting 
Your Agency With One 
Communications System 

ORACLE® 
FEDERAL DIVISION 

To register for a seminar call: 

l-SOO-345-DBMS 

Ext. 6768 
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1 HERE'S 
ONLY ONE 

1HINGTOSAY 
ABOUfTOTAL 
INFORMATION 

SOLUTIONS. 

Whether the application involves space exploration, 
earthquake detection, oceanic engineering, or juSt about 
anything related to infonnation management, Federal 
infonnation resource managers know who to tum to. 

Oracle. 

That's because Oracle software perfonns on virtually all 
types of hardware and operating systems. Fully compati
hIe with industry Standards, Oracle software makes 
infonnation transparent, and helps you avoid costly 
conversions. 

But there's more to Oracle than simply software. Our 
staff and consultant network support you every step of 
the 'Way, from requirements analysis and training to sys 
tern and network design and implementation. That's 
what total solutions are all about. 

For more infonnation and a free brochure, call 
1-800-345-DBMS, ext. 6768. 

By the way, there's one more thing to say about total 
infonnation solutions: Authorized ADP Schedule Price 
list Contract No. GSOOK 88 AGS 5937. 

FEDERAL DIVISION 
Compatibility. Portability. Connaiability. Capability. 

Oracle Federal Division 
3 Bethesda Metro Center, Suite 1400 

Bethesda, MD 20814 
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ITCAN Our 
THE GARBAGE. 

Introducing the 3100 
Frequency Domain 
Processor for LDV 

flow measurement. 
The 3100 captures a 

burst, qualifies it 
according to user
defined triggering 
criteria, and FFT 
transforms it. An 

adjustable frequency 
domain validation 
technique is then 

applied, removing 

the garbage and 
leaving you with 
good, usable data. 
Even in 0.2mm Near
Wall conditions.AII 
of which can be mon
itored on the front 
panel LCD module 
or a host computer. 
A feat that is Mach 
numbers ahead of 
the most sophisti
cated burst counter 
you can buy. 

macrodyne, inc. 
4 chelsea place· p.o. box 376· clifton park, n.y. 12065 

518-383-3800· fax: 518-383-0049 

Circle Reader Action No. 532 

Emphasis is on significantly reduced 
costs. 

Upper stages to be used on space shut
tle or other expendable launch vehicles 
are in various stages of operation and 
development at Marshall. The Inertial Up
per Stage (IUS) is a solid propellant vehi
cle capable of supporting planetary mis
sions and boosting heavy payloads from 
low- to high-Earth orbit. Its first use on the 
shuttle was to launch NASA's Tracking 
and Data Relay satellite. In the future it 
will support planetary and other missions 
involving large and heavy loads. PAM, or 
Payload Assist Module, is also used for 
inserting satellites into higher orbits. A 
third upper stage is the Transfer Orbit 
Stage, which fills the performance gap 
between the PAM and the IUS. 

An unmannad shuttle cargo vehIcle called the 
Shuttle-C Is being studied at the Marshall 
Center. 

Marshall is also managing a special 
type of upper stage - a reusable, re
motely-controlled, free-flying vehicle that 
can perform many on-orbit services in sup
port of spacecraft, including retrieval, 
reboost, and controlled de-orbit. It is 
called the Orbiting Maneuvering Vehicle 
and it is planned as an extension of shut
tle and Freedom station capabilities. 

Along with the Hubble Space 
Telescope, Marshall in 1990 will continue 
to manage development of another in 
NASA's series of great observatories -
the Advanced X-Ray Astrophysics Facili
ty. It is designed to observe the universe 
in the x-ray region of the electromagnetic 
spectrum. A free-flying observatory, it will 
have a 15-year lifetime and will explore 
energetic sources such as quasars, black 
holes, pulsars, and active galactiC nuclei. 
The development schedule calls for a 
launch in the 1996 time frame. 

In cooperation with the Air Force, Mar
shall in 1990 will Investigate the environ
ment hundreds of miles above the Earth. 
The Combined Release and Radiation Ef
fects Satellite (CRRES) will perform in
vestigations in the ionosphere and 
magnetosphere using chemical tracer 
releases to help researchers gain new in
sights into conditions that influence the 
Earth 's magnetic field . CRRES will be 
lofted into the upper atmosphere on an ex
pendable launch vehicle. 

Marshall has pioneered in a unique con
cept to jOin its engineers with others from 
private industry and from the educational 
community. In the center's Productivity 

(continued on page 98) 

NASA Tech Briefs, December 1989 



THE CHALLENGE: 
"DEMONSTRATE HOW HIP ENHANCES THE 

PERFORMANCE AND IMPROVES THE FATIGUE 
STRENGTH OF ADVANCED COMPONENTS." 

This is a challenge our Whitehall 
HIP Department meets every day. 
Here we operate one of the larg
est toll Hot Isostatic Pressing 
facilities in the world . In partner
ship with our customers, we 
provide quality service to a broad 
range of industries, including 
aerospace. So when Textron 
Lycoming wanted to strengthen 
the AMS 4225 aluminum heads 
on their reciprocating aircraft 
engines, they came to Howmet. 
Together we were able to develop 
a HIP program that significantly 
improved the performance of 
their components. 
EXTENSIVE 
APPLICATIONS FOR HIP. 
HIP subjects components to a 
high gas pressure anJ e:evated 
temperature sufficient to reduce 
shrinkage porosity and close 
internal voids. Many engineers 
are learning that HIPed cast com
ponents deliver the consistency 
and mechanical properties 
expected of forgings. In addition 
to titanium and superalloys, per
formance improvements are also 
seen in steel , bronze, cast iron, 

ceramics and aluminum. We also 
HIP powder metal components. 

HIP lowers life cycle costs, 
and not just for the aerospace 
industry. HIP is used for high 
performance automotive pistons, 
rods, crankshafts and engine 
blocks. It also has applications for 
electronics, ceramic products, 
medical implants and pump and 
valve components for the oil , food 
and chemical industries. 
HIP PIONEERS. 
We began production HIPing in 
1975 and now have one of the 
largest capacities in the world, 
with capabilities from small 
developmental-size presses to 
57" in diameter and 80" in height, 
pressures to 45,000 psi and tem
peratures to 4000°F. 

This extensive range enables us 
to answer virtually any challenge. 

1=1 HOWMET CORPORATION 

Partners. Challenge by Challenge. 

THE IMPOSSIBLE MADE 
POSSIBLE. 
Another service that sets Howmet 
apart is our 80,000 square foot 
research, development and 
engineering center. Here metal
lurgical teams and laboratory 
specialists come up with break
through solutions to seemingly 
impossible challenges. They are 
always available to you as a 
Howmet customer. 
WE INVITE 
YOUR CHALLENGES. 
At Howmet, we will work as a 
partner with you , engineer to 
engineer, from concept through 
design to finished product. 
Whether your problem requires a 
cost-effective solution or state-of
the-art technology for complex 
applications, we can help. 
Impossible? Challenge us. 

For more information, write our 
Sales Department, Howmet Cor
poration, 475 Steamboat Road, 
Greenwich, CT 06836-1960. Or 
contact the manager of the White
hall HIP Department, 1600 South 
Warner Road, Whitehall, MI 
49461 , telephone (616) 894-5686. 

WHITEHALL HIP DEPARTMENT. WHITEHALL. MI 



HOW YOU CAN BENEFIT It you're a regular readerofTECH BRIEFS, the.n you 're already 
making use of oneof the low-and no-cost services provided by 
NASA's Technology Utilization (TU) Network, But a TECH 
BRIEFS subscription represents on ly a fraction of the technical 
information and applications/englneering services offered by 
the TU Network as a whole. In fact . when all of the components 
of NASA's Technology Util izalion Network are considered 
TECH BRIEFS represents the proverbial tip of the iceberg. 

FROM NASA's 
TECHNOLOOY 
UTILIZATION 
SERVICES 

We've outlined 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 Utilization Network . 

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

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

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

Aerospace Research 
Applications 
Center (ARAC) 
Indianapolis Center for Advanced 
Research 
611 N. Capitol Avenue 
Indianapolis, IN 46204 
Dr. F. Timothy Janis, Director 
(317) 262-5036 
Central Industri al App lications 
Centerl NASA (CIAC) 
Rural Enterpri ses, Inc. 
P. O. Bo~ 1335 
Durant, OK 74702 
Dickie Deel, Director 
(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 Applications 
Ctr. 823 William Pitt Union 
University of Pittsburgh 
Pittsburgh, PA 15260 
Dr. Paul A. McWilliams, 
Exec. Director 
(412) 648-7000 
NASA/Southern Technology 
Applications Cent er 
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, Inc. 
One Technology Drive 
Tolland, CT 06084 
Dr_ Daniel U. Wilde, President 
(203) 872-7000 
Technology App lication Center 
(TAC) 
University of New Mexico 
Albuquerque, NM 87131 
Dr. Stanley A. Morain, Director 
(505) 277-3622 

NASA Industrial Applications 
Center 
University of Southern California 
Research Annex 
3716 South Hope Street 
Los Angeles , CA 90007-4344 
Robert Stark, Director 
(213) 743-6132 
(800) 642-2872 (CA only) 
(800) 872-7477 (toll-free US) 
NASA/SU Indust rial 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 organization with a particular need, you can contact NASA's Application Team for technology matching and problem solving 
assistance. Staffed by professional engineers from a variety of disciplines, the Application Team works with public sector organizations to identify and 
solve critical problems with existing NASA technology. Technology Application Team, Research Triangle Institute, P. O. Box 12194, Research Tri angle 
Park, NC 27709. Doris Rouse, Director, (919) 541 -6980 

How You Can Access Technol ogy Transfer Services At NASA Field Centers: 
Technology Utilization Officers & Patent Counsels- Each NASA Field Center has a Technology Utilization 
Officer (TUO) and a Patent Counsel to facilitate technology transfer between NASA and the private sector. 
I f you need further information about new technologies presented in NASA Tech Briefs, request the Technical Support Package (TSP). 1f a TSP is not available, 
you can contact the Technology Utilization Officer at the NASA Field Center that sponsored the research . He can arrange for assistance in applying the 
technology by putting you in touch with the people who developed it. If you want information about the patent status of a technology or are interested 
in licensing a NASA invention, contact the Patent Counsel at the NASA Field Center that sponsored the research . Refer to the NASA reference number 
at the end of the Tech Brief. 

Ames Research Ctr. 
Technology Utilization 
Officer: Laurance Milov 
Mail Code 223-3 
Moffett Field , CA 94035 
(415) 694-4044 
Patent Counsel: 
Darrell G. Brekke 
Mall Code 200-11 
Moffett Field, CA 94035 
(415) 694-5104 
Lewi s Research Center 
Technology Utilization 
Officer: Anthony F. 
Ratajczak (acting) 
Mail Stop 7-3 
21000 Brookpark Road 
Cleveland, OH 44135 
(216) 433-5568 
Patent Counsel: 
Gene E. Shook 
Mail Code 301-6 
21000 Brookpark Road 
Cieveland, OH 44135 
(216) 433-5753 

John C. Stennis 
Space Center 
Technology Utilization 
Officer: Robert M. 
Barlow 
Code GA-OO 
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 
Mail 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 
Mall 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: COSMICt"!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 information 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 ATOl 
Marshall Space Flight 
Center, 
AL 35812 
(205) 544-2223 
Fax (205) 544-3151 
Patent Counsel: 
Bill Sheehan 
Mail Code CCOl 
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 
(20~) 453-2424 

If You Have a Question ... NASA Scientif ic & Technlcallnfor
matlon 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 Technlcal l nforma
t lon 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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MATLAB 1\1 Version 3.5 ' 
H 

INTRODUCING THE 
SIGNAL PROCESSING TOOLBOX 

• FASTER MATRIX COMPUTATION 
• DIGITAL FILTER DESIGN 
• SPECTRUM ESTIMATION 
• PARAMETRIC MODELLING 
• TIME SERIES ANALYSIS 
• NEW 2-D AND 3-D GRAPH TYPES 

MATLAB v3.5 is the latest version of the premier 
interactive system for numerical analysis and signal 
processing. Problems and solutions are expressed just 
as they are written mathematical I y - without traditional 
programming. 

MATLAB has rapidly become an industry standard for 
digital signal processing research. Its unique interactive 
interface, algorithmic foundation, easy extensibility, 
and speed make MA TLAB the software system of choice 
for high productivity and high creativity research at 
thousands of universities, laboratories, and companies. 

Over 200 Built-in Functions 

• eigenvalues ·1-0 and 2-D FFf 
• least squares • matrix arithmetic 
• cubic spline • multivariate statistics 
• convolution • polynomial arithmetic 
• complex arithmetic • nonlinear optimization 
• ITR and FIR filters • linear equation solving 
• curve fitting • differential equations 
• singular value decomposition, and more 

Version 3.5 adds new 2-D and 3-D plot types, including 
feather plots, error bars, automatic contour labelling, 
and optimized VGA support. 

Family of step responses 

The company and product name' mentioned abo\ e :lre tnldemms of their respective holders. 

1 

(omputers 

.,/ PC and AT Compatibles 

.,/ 80386 Computers 

.,/ Macintosh 

.,/ Sun Worlcstations 
NEW! .,/ HP 9000 Worlcstations 

.,/ Apollo Worlcstations 

.,/ UAH / UMS and UniH 

.,/ Ardent Titan 
NEW! .,/ ConueH (-Series II!... 
NEW! .,/ Alliant FH / Series " 

v Other Computers 

Open and Extensible 

Create functions and programs rapidly - without the 
time-consuming compiling, linking, and complex syntax 
of traditional languages. Our open-system philosophy 
gives you access to algorithms 0 you can edit functions 
or add your own. 

Optional Toolboxes extend MATLAB with application
specific capabilities, such as control system design, 
parametric modelling, and chemometrics. 

Benchmarks (20 MHz 386-based PC) 

50 x 50 matrix multiply 
50 x 50 matrix inverse 
50 x 50 eigenvalues 
4096-point complex FFf 

0.71 sec 
1.32 sec 
1.21 sec 
1.16 sec 

Fast, Accurate, and Reliable 

MA TLAB can handle lots of data and do it fast , fully 
utilizing all available floating point hardware for 
maximum performance. You won't have to question 
the results either - the algorithms have been pro
grammed by Leading experts in mathematical software 
and are used by leading researchers around the world. 

,----------------
I Please provide additional information! 
I 
I Company __________ _ 
I Dept. ___________ _ 

arne _____________ _ 

I Address ___________ _ 

I City, State, Zip _________ _ 
I Country ___________ _ 

I Telephone __________ _ 

I Computer ___________ _ 

The 
MATH 

~ 

2l Eliot Street 
South atick, MA 01760 
Tele: (508) 653-1415 
FAX: (508) 653-2997 

NASA 12189 I _______________ ---.1 

Circle Reader Action No. 503 



~I 
Electronic Components and Circuits 
Hardware, Techniques, and 
Processes 

26 Planar Antennas on Thick 
Dielectic Substrates 

28 Resistance Welder Using 
480-Vac Ground·Fault 
Interrupter 

30 Internal Correction of 
Errors in a DRAM 

28 Memory Switches Based 
on MnO._x Thin Films 

32 Ground-Sensing Circuit for 
Arc Welders 

Planar Antennas on Thick Dielectric Substrates 
!~ Features include ease of fabrication and wide range of operating frequencies _ 

NASA 's Jet Propulsion Laboratory, Pasadena, California 

Planar antennas on thick dielectric sub-
strates have been built for use at millimeter 
wavelengths. To obtain directional and im
pedance characteristics nearly independ
ent of frequency from 40 to 400 GHz, the 
antennas were made in four-lobe log-peri
odic (see Figure 1), two-lobe log-periodic, 
and two-arm log-spiral configurations. 

Antennas of this general type are quasi
optical structures, for which expensive, 
precisely machined waveguides are not re
quired. They can be made easily by stand
ard photolithography and integrated with 
planar mixers or detectors to form arrays. 
Because such an antenna radiates (or reo 
ceives) mostly on the dielectric side of the 
metal conductor, it has enhanced directivi
ty without a back plane. One disadvantage 
of a thick substrate is the excitation of un
desired surface electromagnetic modes. 
At the cost of additional losses in the di
electric, these modes can be suppressed 

Note: Feed points are at the 
four Inner rad ii. 

Figure 1. In this Four-Lobed Log-Periodic 
Circular Antenna, the conductors cover 
half the area of the circle. Because the arc 
lengths of the teeth are prescribed to be 
quarter wavelengths, the upper and lower 
frequency limits are set by the inner and 
outer radii , respectively. 
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Direction of 
Maximum Radiation .. 

Fused-Quartz / 
Hemisphere 

--1 f.- 0_025 In. 

Quartz 
Substrate 

0.5 In. 

Figure 2. Each Experimental Planar Antenna was made of etched gold film on a quartz sub
strate. The fused-quartz hemisphere on the opposite side of the substrate acted as a dielec
tric lens. 

by the addition of a hemispherical dielec
tric lens to the side of the dielectric sub
strate opposite that of the conductors. 

Each antenna was made by etching the 
conductor patterns in a gold film on a 
quartz substrate 0.5 in. (12.7 mm) square 
and 0.025 in. (0.635 mm) thick. A fused
quartz hemisphere 0.5 in. (12.7 mm) in di
ameter was mounted on the other side of 
the substrate (see Figure 2). Antenna pat
terns for each structure were measured at 
67 GHz and 205 GHz. 

The log-spiral antenna exhibited circular 
polarization. The two- and four-lobed log
periodic antennas both exhibited the ex
pected independence of frequency and had 
similar directional patterns, the major dif-

ferences being in the cross-polarization 
levels ( - 6 dB for four·lobed and - 25 dB 
for two-lobed). This characteristic is en
couraging to designers because it indi
cates that the di rectional pattern can be re
tained when multiple pairs of feed points 
are used to reduce the impedance at the 
feed points. Such multiple feeding can also 
be used for simultaneous operation in dif
ferent independent modes to produce a 
variety of directional patterns - for exam
ple, for electronic steering of beams. 

This work was done by K. A. Lee and M. 
A. Frerking of Caltech for NASA's Jet Pro· 
pulSion Laboratory. For further informa
tion, Circle 45 on the TSP Request Card. 
NPO-17466 
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Memory Switches Based on Mn02 _ x Thin Films 
~J "On" -state res istance is adjustable, and on-to-off transition is irrevers ible. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

Thin films of Mn02 _ x at intersections 
between metallic raw and column conduc
tors can serve as switching elements for 
nonvolatile electronic memories. Memory 
elements made of Mn02 _ X have high 
ratios of "off" resistance to "on" resist
ance (~103) and high "on" resistances 
(typically 1'V1OS Q). The elements are elec
trically programmable and are especially 
suitable for use in associative electronic 
memories based on neural-network con
cepts. 

Because many elements of a neural
network memory circuit must operate in 
parallel, the "on" resistance of each ele
ment must be kept high to prevent exces
sive power dissipation and heating. Previ
ously, such circuits were made with films of 
amorphous hydrogenated silicon, which 
switches irreversibly from "off" to "on" 
and has an imprecise "on" resistance. It 
was necessary to provide synaptic ballast 
resistors of "'106 Q apiece in series, to 
assure the desired "on" resistance, and 
this complicated the structure. 

Because the new Mn02 _
X 

switches 
have preset "on" resistances, no ballast 
resistors are required. Films of Mn02 _ x 
can be depoSited by reactive dc magne
tron sputtering. The "on" -state resistivity of 
a film can be tailored by controlling the 
amounts of oxygen and argon gases in the 
sputtering chamber and the subsequent 
processing temperature. The film is depos
ited in a low-resistivity "on" state. The resis
tivity continues to decrease as the temper
ature rises to "'300 °c. After this formation 
process, the "on" state remains stable. By 

subsequent heating up to "'500 OC, the re
sistivity of the film can be increased to an 
"off" -state value of ~ 105 Q.cm. 

The change from a lawer to higher resis
tivity is irreversible. It is due to the transfor
mation of conductive Mn02 _

X 
to noncon

ductive Mnp3' The change can be in
duced thermally, by applying an appropri
ate electrical current pulse heating. This 
feature makes it possible to program mem
ory elements electrically to switch select
ed elements to the "off" state. 

The resistance-versus-voltage curve in 
the figure illustrates the SWitching proper
ty of an experimental Mn02 _ x synaptic 
switch that was not heated after deposi
tion. The initial decrease of resistance with 
increasing voltage represents the forma
tion of the film into the "on" state. The "on" 
state remains stable up to about 20 V, 
beyond which the resistance increases 
toward the "off " state. Thereafter, the 
switch remains in a high-resistance "off" 
state, even after the voltage pulse is re
moved. Thus, if this switch were used as a 
memory element, a datum represented by 
the "off" state could be written into it by the 
application of a pulse of "'30 V, and the 
contents of this memory element could be 
"read" by applying a potential of less than 
20 V - preferably at a safe level of "'5 V. 

This work was done by Rajeshuni 
Ramesham, Anilkumar P. Thakoor, and 
John Lambe of Caltech for NASA's Jet 
PropulsIon Laboratory. For further infor
mation, Qrcle BOon the TSP Request Card. 

In accordance with Public Law 9&517, 
the contractor has elected to retain title to 
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/ 
Switching 
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On 1~ ~ __ ~ __ ~ __ ~~ 

o 10 20 30 
Voltage, V 

The Electrical Resistance of an Mn02_
X

' 

Film Switching Element changes irreversi
bly as the voltage applied to it Is Increased. 

this invention. Inquiries concerning rights 
for its commercial use should be ad
dresse<ito 

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-17377, volume and number 
of this NASA Tech Briefs issue, and t' 
page number. 

Resistance Welder Using 480-Vac Ground-Fault Interrupter 
~~ Safety and the quality of weld jOints would be enhanced. 

Marshall Space Flight Center, Alabama 
The use of ground-fault interrupters in 

the 480-Vac power supplies of portable re
sistance welding machines has been pro
posed. Such welding machines are now 
not equipped with ground-fault interrupters 
even though they are used outdoors and in 
factory areas where power cables are sub
ject to damage; for example, by being run 
over by forklifts and other heavy vehicles. 

For safety; ground-fault interrupters are 
included in the power circuits of most 
heavy electrical equipment used outdoors. 
The use of a ground-fault interrupter with a 
welder (see figure) would not only enhance 
safety but would also help assure the quali
ty of welds, in that internal damage in a 
28 

main power cable that is still covered by in
sulation can cause defective welds, and a 
ground-fault interrupter can detect such 
damage. 

This 'NOr/{ was done by Steven W. Huston, 

" 

Ralph E. Kroy, and Douglas I. Macfarlane 
of Rockwell International Corp. for Mar· 
shall Space Alght Center. No further 
documentation is available. 
MFS-29582 

/. Ground-Fault :9 Source: 
~ Interrupter 

480 Vac /. 
60 Hz 

" 1 
/ / 

Long Power / 
Cable 

A Ground·Fault Interrupter could enhance safety and the quality of welds by detecting dam
age in the long power cable to a portable resistance welder. 
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Internal Correction of Errors in a DRAM 
An error-correcting Hamming code is built into the circuit. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A 256 K dynamic random-access mem
ory (DRAM) circuit incorporates a Ham
ming error-correcting code in its layout. In 
comparison with the use of separate error
detecting and error-correcting circuit chips, 
this feature provides faster detection and 
correction of errors at less cost in amount 
of equipment, operating time, and soft
ware. The on-chip error-correcting feature 
also makes the new DRAM less suscepti
ble to single-event upsets (changes of logic 
states in memory cells caused by ionizing 
radiation). 

The words of the Hamming code are 
formed within the chip and are not external
Iyaddressable. Each code word contains 8 
data bits and 4 check bits. As shown in 
Figure 1, the code words are organized on 
the circuit chip into an expanded array of 
512 rows by 768 columns of bits. 

The code can correct only one error in a 
code word, but an incident high-energy ion 
can induce bit errors in several adjacent 
memory cells. Therefore, it is desirable to re
wee the probability of multiple bit errors with
in each code word by separating the merTlO
ry cells of each word to distances beyond 
which the charge tracks left by incident 
ions are not likely to spread. In this design, 
the bits of each code word are stored at 
positions four columns apart in two rows 
from two separate sections of the array. 

r-----------------------------------------~ 

. . 
8 Data Bits 4 Check Bits 

Columns 
A - .... 

R~ 0 jill jill i 111l'11 Ii II ~ 11111111111 
10 Bit Errors Ll_' ~ 

767 

Made by Fe Ion 
at 200 MeV 

Data 
Bits 

Check 
Bits 

I 
Bit Error Made by 
C Ion at 96 MeV 

R~~j llllII111111111~11111111111 · 
R~J IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII •• 

Figure 1. The Data Bits on the DRAM Array are organized into code words of 8 data bits and 4 
check bits each. The bits of each word are distributed to separated points in the 512-by-768 
array to decrease their vulnerability to adjacent bit errors caused by incident energetic ions. 

1 Bit Error 
Per Ion Track 

• Fe (200 MeV) 

• C (96 MeV) 
1 = 2 MHz 

- Exact Theory 

An important measure of performance 
is the error-rejection ratio, which equals 
the number of errors detected at the output 
pins divided by the total number of errors 
induced in the memory cells. A lower ratio 
indicates greater immunity to errors. A 
theoretical analysis shows that this ratio is 
directly proportional to the total number of 
bit errors that occur during a data-storage
cycle period and inversely proportional to 
the number of error-correcting-code words 
into which the memory array is divided. 
Thus, the error-correcting capability can 
be increased by breaking the circuit chip 
down into a large number of small code 
words (at the cost of increased size and 
complexity) or by increasing the frequency 
of the data-storage-cycle clock to reduce 
the time available for the accumulation of 
errors during each cycle. 

10-3 ~----~--~------~~----------~----------~--~ 
104 105 

The circuit was tested by exposure to 
ion beams generated in a van de Graaff ac
celerator. Because the circuit chip is de
signed to indicate both each uncorrected 
bit error and each error in the output, it pro
vides the means to measure its perform
ance with and without the error-correcting 
capability. Figure 2 shows experimental 
error-rejection ratios as functions of the 

Flux Density 01 Ion Beam, Partlcles/(cm2 . s) 

Figure 2. error-Rejection Ratios were measured and calculated as functions of flux densi
ties of incident ions. The vertical error bars represent the statistical errors In the counts of 
output errors, and the horizontal error bars represent fluctuations of the ion-beam fluxes. 
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fluxes of iron and carbon ions. The carbon 
ions were able to upset only one memory 
cell per ion· track event, as evidenced by 
the error·flag data-bit maps. By contrast, 
the heavier iron ions were able to upset 10 
adjacent memory cells, as also evidenced 
by the error·flag bit maps. Except at the two 
points labeled "unstable," which indicate 
the onset of erratic counts of errors in the 
output of the device under test, the overall 
data are in excellent agreement with the 

theory. If one extrapolates these data to 
conditions under which only 1 bit error oc· 
curs per cycle, one finds that at an ion· 
beam flux of less than 5 particlesJ(cm2.s) 
there would be no errors in the output. 

In general, the implementation of an er
ror-correction code on a circuit chip should 
not require any changes in the fabrication 
processes or design rules. The degree of 
effectiveness of on-chip error correction is 
strictly a function of the design and the ad-

ditional area of silicon that can be allotted 
for the incorporation of the error -correcting 
logic circuitry. 

This work was done by John A. 
Zoutendyk, R. Kevin Watron, and Harvey R. 
Schwartz of Caitech and Leland R. Nevill 
and Zille Hasnain of Micron Technology, 
Inc., for NASA's Jet Propulsion labora
tory. For further information, Orcle 163 on 
the TSP Request Card. 
NPO-17406 

Ground-Sensing Circuit for Arc Welders 
~JAn open-circuit detector prevents arc burns at loose ground connections. 

Marshall Space Flight Center, Alabama 

A ground-sensing circuit for an arc
welding power supply prevents arc bUrns 
at loose ground connections on the work
piece. This circuit, which is an advanced 
version of a circuit reported in a prior issue 
of NASA Tech Briefs, can be used with an 
ac supply or a dc supply of either polarity. 
For protective redundancy, the welding 
power supply is connected to the work
piece via four ground leads; if any of these 
connections is broken, the protective cir· 
cuit switches off the input power. 

The ground-sensing circuit (see figure) 
is connected to the input power line, the 
welding power supply, and each of the four 
ground leads. Each ground lead is con
nected to the power-supply ground via a 
pair of oppositely polarized diodes con
nected in parallel. The diodes are mounted 
on heat sinks, and each is rated to with
stand the full welding current up to 300 A. 

The ground-sensing circuit includes four 
oscillator/detector pairs. The operating fre
quencies of the pairs are selected in the 
ratios of 1, 3, 5, and 7 to prevent harmonic 
interference among the pairs. Each oscilla
tor is transformer-coupled to its detector. 
These transformer couplings also isolate 
the oscillators and detectors from the 
welding ground leads. Each of the two 
leads between the oscillator transformer 
and the detector transformer in each oscil
lator/detector pair is connected to a weld
ing ground lead. 

As long as both ground leads in a pair re
main attached firmly to the workpiece, the 
transformer coupling is shorted through 
the workpiece, and the detector receives 
little or no signal from the oscillator. How
ever, if either connection to the workpiece 
is broken, then the short across the trans
former coupling is replaced by the re
sistance of two sets of diodes in series. 
Although this resistance is small, it is suffi· 
cient to allow a detectable signal to reach 
the detector. 

The circuit is equipped with the custom
ary safety-oriented relay logic; that is, the 
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The Ground·Senslng Circuit includes oscillator/detector pairs that are normally short· 
ed out by the ground connections to the workpiece. When one or more of these four 
connections is broken, one or more oscillator signals is applied across the power di· 
odes and is detected. The detected oscillator signal trips a shutoff relay. 

relay for the main power switch is con· 
nected in series with several other relay 
switches, the opening of any of which 
signals a failure of some kind and causes 
the main power to be shut off. When a 
"start" button is pushed, the system tests 
itself to verify that all power supplies, oscil· 
lators, and detectors are operating; then 
the safety relays are energized, and main 
power is applied. Thereafter, the power reo 
mains on as long as all four oscillator 
signals are shorted out. However, if any of 
the oscillator Signals becomes detectable 

during operation, signifying the loss of at 
least one ground connection, one of the 
safety relays is tripped. 

This work was done by Richard K. 
Burley of Rockwell International Corp. for 
Marshall Space Aight Center. For fur· 
ther information, Orcle 160 on the TSP Re· 
quest Card. 

Inquiries concerning rights for the com
mercial use of this invention should be ad
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 24 J. Refer to 
MFS-29455. 
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Weighted Integrate-and-Oump Filter 
Cost can be decreased by use of lower sampling and processing rates. ~~ 

-------------------------------------~~ NASA's Jet Propulsion Laboratory, Pasadena, California 
A digital weighted integrate-and-dump 

filter (WIDF) has been proposed for the 
detection of weak rectangular-pulse sig
nals corrupted by additive white Gaussian 
noise. In the unweighted IDF described in 
the preceding article, the signal·to-noise 

r(t) 

are E[y; Yj] (j = 1 to N); E[] is the expecta· 
tion operator; and R A is a cross-correla
tion column vector, t~e elements of which 
are E[y;Akl 

The case N = 4 was chosen as a numer
ical example, and the W; were calculated 

l:wl Antlallaslng 
Low·Pass 
Prefilter y(t) YI 

I ( kth Integration 
Period 

Notes: 1. TO 

2. T 
3. Ts 
4. Tl 
5. r(t) 

= time of propagation from 
transmitter to receiver. 

= symbol period. 
= sampling period. 
= sampling offset. 
= received signal modulation. 

6. y(t) = preflltered signal modulation. 
7. t = time. 
8. I and k are Integers. 
9. Ak = the sampled output of 

the WIDF from the kth 
Integration period. 

Figure 1. Samples of the Prefiltered Signal are multiplied by weighting factors before addi
tion to the Integral. 

ratio is decreased by approximating the 
ideal analog implementation with a digital 
implementation that otherwise has practi· 
cal advantages. The weighting feature is 
added to reduce the adverse effect of the 
approximation. 

In the WIDF, the received signal is first 
low-pass prefiltered, and samples are 
taken at a multiple of the symbol frequency, 
as described in the preceding article. In 
this case, however, each sample Y; is multi
plied by a weighting factor W;before it is ad· 
ded into the sum Ak that approximates the 
integral of the kth integration period (see 
Rgure 1). The problem is to find the set of 
W; that minimizes the mean-square differ
ence between Ak and the exact integral Ak 
that would be obtained from an ideal ana· 
log IDF. 

It can be shown theoretically that un
der suitable assumptions, the optimum 
weights W;are given by the matrix.vector 
equation -1 

W = Ryy R YA 
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for various sampling offsets ranging from 0 
to the sampling period ~ in increments of 
0.05 ~. The signal-to·noise ratios of the 
WIDF at these offsets were compared with 
those of an unweighted IDF and an ideal 
analog IDF in the reception of a random 
binary signal (see Figure 2). The worst· 
case losses (of signal·to-noise ratio below 
that of the ideal analog version) averaged 
over the data patterns were 1.26 dB in the 
unweighted version but only 0.68 dB in the 
weighted version. 

Viewing the results of the numerical sim· 
ulation in another way, the signal·to-noise 
ratio of an unweighted digital IDF varies 1 
dB over the range of offsets, while that of 
the WIDF varies only 0.3 dB. In compari· 
son with a system in which the samples are 
locked in phase to the symbol clock, a 
WIDF with offset sampling suffers a worst· 

0.6 0.8 
where w = the column vector of the W; 
(i = 1 to N); N is the number of samples in 
an integration period; Ryy' is an N x N auto
correlation matrix, the elements of which 

Offset, Fraction of Sampling Period 
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Figure 2. Weighting Improves the Performance of an IDF in this example, in which a random 
binary signal is sampled four times during each symbol period. 
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case offset los<> of less than 0.3 dB and an 
average loss of less than 0.15 dB. 

This improved performance means that 
lower sampling and processing rates can 
be used for a given symbol rate, reducing 

the cost of the system. Mernatively, a higher 
symbol rate can be used at a given band
width and sampling rate. An unweighted 
IOF would require approximately twice the 
bandwidth and twice the sampling rate for 

the same performance. 
This work was done by Ramin Sadr of 

Caitech for NASA's Jet Propulsion lab
oratory. For further information, Orele 79 
on the TSP Request Card. NPO-17423 

Using Bit Errors To Diagnose Fiber·Optic Links 
Bit-error rates are related to degradation of components. 

NASA 's Jet Propulsion Laboratory, Pasadena, California 
A technique for the diagnosis of a fiber

optic digital communication link in a local
area network of computers is based on the 
measurement of bit-error rates. The tech
nique is similar to that used to detect 
changes in the performances of telephone 
modems and transmission media. The 0b
jective is to measure the degradation of the 
transmitter, receiver, optical fiber, connect
ors, and other equipment so that compo
nents can be replaced before they fail. 

A variable optical attenuator is inserted 
in the optical fiber near the receiver (see 
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Rgure 1). Using the protocol of the local
area network, pseudorandom sequences 
of zeros and ones are transmitted as pack
ets of data. The sequences put out by the 
receiver are compared with the known 
transmitted sequences to determine the 
bit-error rates. 

For an optimal decision stage (the part 
Figure 1. The Variable Optical AHenuator Is Inserted in the optical fiber to vary the power of 
the received Signal. 

On January 10th, we 
had the first party. 



of the receiver that decides whether a re
ceived bit is a zero or a one), the bit·~mor 

rate and the signal·t<rnoise ratio of the out
put of the receiving photodetector are 
known functions of each other (see Figure 
2). As the total amount of optical attenua
tion along the transmission path increases, 
the signal·t<rnoise ratio in the receiver de
creases and the bit-error rate increases. 
The optical attenuator is adjusted to obtain 
the desired bit-error rate, which is typically 
between 10 -4 and 10 -8. From this bit· 
error rate, the signal-to-noise ratio and, 
therefore, the effective peak signal power 
at the receiver are deduced. 

The relationship between the transmit· 
ted and received powers and the optical at· 
tenuation at the desired bit-error rate is 
given by 

Pxmtr - Prcvr = a link + a Insert 

where Pxmtr is the peak signal (in decibels) 
inserted in the link by the transmitter, P,cvris 
that calculated peak signal power (in 
decibels) in the receiver required to pr<r 
duce the desired bit-error rate, ainsert is the 
known attenuation (in decibels) in the 
variable attenuator that produces the de
sired bit-error rate, and a/ink is the attenua· 
tion (in decibels) in the optical fibers, con· 
nectors, and any other components of the 
link. Because ainsert is known, this equation 
can be used to analyze the degradation of 
performance caused by a decrease in 
transmitted or received power and/or an in· 

DEC station 3100 
workstation 

It was a day for celebrating. 
Because that was the day we broke 

with the news of our DECstation™ 
3100 workstation, the first of Digital's 
family ofUNIX~-based RISC work
stations, systems and servers. 

Shortly thereafter, we added to 

the family with the announcement of 
our DECsystem™ 3100 multi-user 
computer. 

~ 
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Figure 2. The Bit-Error Rate depends on the ratio of peak signal power to root·mean·square 
noise in the receiver. For optimum measurements, one selects a blt-error rate between 10- 8 

and 10-4• Greater rates result In low accuracy in the determination of slgnal·to·noise ratios, 
while lesser rates require Impractically long measurement times. 

January 10th was also a day we 
broke something else-the $1,000 per 
MIPS price/performance barrier. 
Something no one else had ever done. 

The cheering you probably heard 
came from users whose applications 
always have them looking for more 
power at their desks. At last, a full 14 
integer MIPS UNIX-based worksta
tion was available at a price they 
could afford. 

But the reasons for celebrating 
didn't stop there. While its unmatched 
price/performance put it in a class by 

itself, the DECstation 3100 worksta
tion fit perfectly into our integrated 
approach to computing. It includes 
the ability to share with VAXNMS'· 
systems, Apple~ Macintosh, MS
DOS4I> PCs and, of course, other 
UNIX systems. 

No wonder January 10th was a 
day everyone celebrated. 



crease in attenuation in the link. If, in addi
tion, one measures the optical power at the 
transmitting and receMng ends of the 0p

tical fiber, one can determine P xmtrand alink 

directly, enabling the analysis of degrada-

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. 

Digital Doppler Processor 
for Spacebome 
Scatterometer 
Corrections for the rotation of 
the Earth would be made. 

A report describes a conceptual digital 
Doppler processor for the NASA scatter
ometer (NSCAT), an advanced version of 
the SEASAT spaceborne radar scatter
ometer used to measure winds near the 
surface of the ocean. The processor would 
compensate for the component of the 
Doppler frequency shift caused by the ro
tation of Earth. The SEASAT scatterometer 
was vulnerable to degradation of perform
ance and loss of swath because it con
tained fixed-frequency and fixed-bandwith 

tion of the receiver by comparison of the 
actual received po<Ner with the effective 
value of P,cvr that corresponds to the meas
ured bit-€rror rate. 

This vvork was done by L A Bergman, 

band-pass filters that could not compen
sate for the rotation. 

In the NSCAT designs, six antennas illu
minate the surface of the ocean with fan
shaped beams. The illumination pattern is 
designed so that a given portion of the sur
face is first observed by a forward antenna 
to provide a measurement of the backseat
tering coefficient (o~ from one azimuth 
angle and then, as the spacecraft moves 
along the ground track, by the center 
antenna for a second azimuth angle, fol
lowed by the aft antenna for the third 
azimuth angle. The 00 measurements from 
the three different azimuth angles are 
combined by processing on the ground to 
infer the wind vector. The narrow illumina
tion pattern and the timing of the measure
ments provide the resolution along the 
track. 

The transmitted radar signal reflected 
from the surface of the ocean is Doppler
shifted due to the relative motion of the sur
face and spacecraft. The echoes returned 
from different portions along the illumina
tion pattern have different Doppler shifts 
and can be separated into crosstrack r.eso-

On July llth,we 
had the second party. 

R. Hartmayer. and S. Marelid of CaJtech for 
NASA's Jet Propulsion Laboratory. For 
further information, Circle 99 on the TSP 
Request Card. 
NPO-17433 

lution elements known as "00 cells" by 
Doppler band-pass filtering. 

While crosstrack resolution is obtained 
by Doppler filtering, along-track resolution 
is achieved via the times between meas
urements. As the spacecraft moves along 
its ground track, the 0 0 cells viewed by 
each of the antenna beams in sequence 
are sampled once during the time interval 
required for the spacecraft to move the 
along-track sampling distance (25 km for 
NSCAT). 

To maintain each of the 0 0 cells at a fixed 
crosstrack distance from the spacecraft 
track as the spacecraft moves along its or
bit, the Doppler shifts of the 0 0 cells must 
be changed to compensate for the effects 
of the rotation of the Earth. Not only do the 
cell center frequencies change but the 
times of flight of echoes also change. To 
process the scatterometer return Signal 
adequately, the Doppler processor must 
consider the entire range of time and band
width spanned by all 00 cells as the center 
frequencies vary over the orbit. For the 
NSCAT design, this corresponds to a band
width of approximately ±400 kHz with 



times of flight between 5.5 and 11 ms 
(assuming an orbital altitude of 820 km). 

The conceptual processor uses fast 
Fourier transforms (FFT's) to make the re
quired corrections to the times and fre
quencies. The input signal plus noise and 
the input noise alone are processed sepa
rately, then subtracted to obtain an esti
mate of the backscattered signal power. 
First, the input data are sampled, and the 
FFT's of the segments of data are comput
ed. A "data window" is then applied by 
convolution. The windowed FFT output is 
squared to obtain the power. Finally, a sum 
is taken over the resulting periodograms in 
the range corresponding to the aD-ceil 
bandwidth of interest. The power is related 
to 00 by radar equation. 

This work was done by O. G. Long, 
Chong-Yung Chi, and Fuk K. U of Caltech 
for NASA's Jet Propulsion Laboratory. 
To obtain a copy of the report, "The Design 
of an Onboard Digital Doppler Processor 
for a Spaceborne Scatterometer," Circle 
114 on the TSP Request Card. NPO-17253 

Progress in Imaging Radar 
Polarimetry 
Recent development efforts 
are recounted. 

A report traces the development of im
aging radar polarimetry at NASA's Jet Pro-

DEC station 2100 
workstation 

Almost 6 months to the day, there 
was another reason to celebrate. 

Because that was when we 
announced the DECstation'· 2100 work
station, the latest member of Digital's 
family of UNIX-based RISC worksta
tions, systems and servers. In fact, on 
July 11th, the breadth of our offerings 

pulsion Laboratory during recent years. 
Imaging radar polarimetry has attracted in
tense interest in the fields of remote sens
ing and electromagnetic scattering. When 
fully developed, multipolarization synthet
ic-aperture radar (SAA) systems aboard 
aircraft and spacecraft are expected to 
yield a wealth of data for the assessment of 
resources, agricultural forecasting, and 
the verification of radar-scattering calcula
tions. 

In imaging radar polarimetry, the SAR 
system produces four amplitude-and
phase images of the target area - one for 
each combination of transmitted and re
ceived polarizations (HH, HV, VH, and W , 
where H denotes the horizontal and V de
notes the vertical). The raw image data are 
recorded on magnetic tape and processed 
subsequently on computers. The complete 
polarization scattering matrix yields more 
information about a target than does a 
scalar radar reflectance without regard to 
polarization. 

In July 1985, a CV-990 airplane carrying 
an L -band and a C-band multipolarization 
SAR crashed, delaying the acquisition of 
new data by about 2 years. During the con
struction of the new radar equipment, work 
continued on algorithms and equipment 
for the digital processing of raw multipolari
zation SAR data. 

In September 1986, the synthesis of ar
bitrarily polarized images from the four 

extended from the DECstation 2100 
all the way up to the DECsystem'· 
5800 multi-user system-the indus
try's broadest range of compatible 
UNIX-based computers. 

In the family tradition, the 
DECstation 2100 workstation broke 
new price/performance ground, too. 
It gave users the most powerful entry
level UNIX-based workstation avail
able in the industry -10 integer 
MIPS for under $8,000. The power 
of a RISC workstation for the price 
of a PC. 

L -band images was demonstrated. At that 
time, it took 20 minutes and 128 Mbytes of 
memory to synthesize a single image on a 
VAX 111785 computer. Since then, a tech
nique has been devised to compress the 
input data to 10 Mbytes and reduce the 
computation time to only 2 minutes. 

These reductions made it possible to 
transfer the task of processing to a "polari
zation workstation" conSisting of a smaller 
computer equipped with an imag~isplay 
subsystem. The workstation can synthe
size a 1,024- by 1,024-point polarization im
age in 2 to 3 minutes. It can also measure 
the polarization of any picture element or 
collection of elements and perform some 
simple comparisons between polarizations 
of different parts of the image. For exam
ple, it can find the polarization that op
timizes the ratio of the radar image of one 
target to that of another target. 

One of the few recent papers on the 
subject states that polarimetric images of 
corn contain evidence that this crop differ
entially refracts horizontally and vertically 
polarized radiation. This and another paper 
also recognize a "double-bounce" phe
nomenon involving scattering from the 
ground, followed by scattering from vege
tation. Other papers discuss the radar p0-

larimetric properties of a quiet body of 
water and the use of radar polarimetry to 
measure the roughnesses of geological 
targets, to classify forest stands, and to 

Besides sharing price/perform
ance leadership, our two UNIX-based 
workstations shared a lot more. For 
example, the way they adhered to 
industry standards like the X Window 
System;" OSF/Motif, TCPIll', NFS;" 
IEEE POSIX 1003.1, X/Open XPGII, 
among others. 

The DECstation 3100 workstation 
on January 10th. 

The DEC station 2100 workstation 
on July 11th. 

Party. Party. 



characterize the trees within a particular 
stand. 

At the time of the report, work was con
tinuing on the new multipolarization SAR, 
which is to be flovm aboard a DeB air
plane. The new radar features an in
creased signal-to-noise ratio and other 
improvements in design over the earlier 
version. It will also serve as a "bread
board" prototype radar for the SIR-C pro
gram, which is expected to enable the per
formance of imaging radar polarimetry 
from outer space in the early 1990's. 

This work was done by Daniel N. Held of 
Caitech for NASA's Jet Propulsion lab
oratory. To obtain a copy of the report, 
"Imaging Radar Polarimetry: A Status Re
port, " Circle 82 on the TSP Request Card. 
NPO-17247 

T Ranging Revisited 
Very-large-scale integration 
may give new life to an 
abandoned distance
measuring technique. 

A report reviews the history of T ranging 
and advocates the use of advanced elec
tronic circuitry to revive this composite
code-uplink spacecraft-ranging technique. 
T ranging was abandoned years ago be
cause the necessary analog and digital 

electronic equipment then available was 
expensive and inadequate to exploit the full 
potential of the code. It was replaced by a 
sequential-code-uplink technique called "J.I 
ranging" that requires less equipment to 
exploH its full potential and acquires the sig
nal 16 times as fast. 

The T planetary composite transmHter 
code was generated by combining a clock 
square wave with a majority-vote logic of 
five pseudonoise sequences in an exclu
sive-OR fashion. The components had 
durations of 2, 7, 11, 15, 19, and 23 symbol 
periods for a total code period of N = 
1,009,470 symbol periods. This, when 
clocked at a symbol period to of about 1 /is, 
gave a repetition period of about 1 s, yield
ing a two-way range ambiguity interval of 
approximately 150,000 km. 

A T receiver consisted of one or two 
channels that sequentially correlated the 
transponded signal with combinations of 
the clock and each separate component, 
sequentially through each successive sym
bol delay, to determine the precise delay on 
each of the components. Because the 
transmitted power was distributed among 
the various clock and pseudonoise code 
components but the receiver was sensitive 
to only one component at one phase at a 
time, acquisition time was longer by about 
a factor of 16 than if the receiver could 
have processed all the received power 
during the acquisition time. In contrast, the 

Now look at 
the third parties. 

While all this celebrating was 
going on, it's clear that some people 
have been hard at work. 

The software developers. 
In an amazingly short time, 

they've already developed an impres
sive list of applications that run on all 
our UNIX-based RIse workstations 
and systems. And the list is rapidly 
growing. For the complete list of 

applications, as well as performance 
data, call 1-800-842-5273, ext. 300. 
UNIXIRlSC Applications: 
Engineering: 
Aspen Technology, Inc. 
Aspen Technology, Inc. 
Automated Systems, lnc. 

Advent ~ 
Aspen Plus ,. 

PRANCEGT'· 
Cadence Design Systems, Inc. 
Cadence Design Systems, Inc. 
Cadence Design Systems, Inc. 
Dynamic Graphics, lnc. 

Opus 1
• 

Design Framework ,. 
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Engineering Mechanic Research Corp. 
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DracuJa roll 

lSM~ 

POWERFrame 
NISA [] 

DISPLAY II 
ENDURE 

J.I system used all the transponded power 
for each component during the acquisition 
time. 

The reason for using only a few correla
tors in each J.I-ranging receiver until OON 

has been that each correlator channel 
consisted of relatively-expensive analog 
and unH-logic digital equipment. However, 
with the advent of reasonably-high-speed 
analog-to-digital devices and very-large
scale integrated digital devices, it is noo 
economically feasible to make a T receiver 
that has the number of correlators needed 
to detect each component of the code at 
each symbol delay. (It still may be impracti
cal to build a fu ll matched filter for the over
all transmitted code.) 

To exploit the capabilities of this modern 
circuitry, the author proposes a new T code 
(denoted "vr") that uses a new combining 
logic for the transmitter code and a 77 -cor
relator receiver. The performance of the vr 
system is analyzed theoretically. The analy
sis shows that the performance of the vr 
method is only about 0.25 dB beloo that of 
a matched filter for the optimal transmitter 
code. As the J.I system is now configured, 
about half of the range-measurement time 
is spent in correlating with the component 
of highest frequency (the clock), the other 
half being spent determining the range 
cells of the components of the lower fre
quency. The vr system thus outperforms 
the J.I code by some 2.5 dB in sig:1al-to-

Engineering Mechanic Research Corp. FEAP 
Engineering Mechanic Research Corp. NISN 3D FLUID 
Expert Views, Inc. ViewMaster 
Gateway Design Auromation Corp. Verilog·XL ,. 
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noise ratio. 
This work was done by Robert C. 

Tausworthe of Caltech for NASA's Jet 
Propulsion Laboratory. To obtain a copy 
of the report, " Tau Ranging Revisited," Cir
cle 114 on the TSP Request Card. 
NPO-17413 

Pulse·Position Modulation 
for Optical Communication 
Pulsed Nd:YAG lasers would 
transmit information 
over long distances. 

A report discusses schemes for the 
pulse-position modulation of neodymium: 
yttrium aluminum garnet (NdYAG) lasers 
for the optical transmission of data be
tween distant spacecraft and stations on 
Earth. Optical communication is an attrac
tive alternative to radio communication be
cause it involves smaller, lighter equipment 
and because optical beams can be made 
to diverge less than radio beams do, there
by using the radiated power more efficient
ly. 

In the communication system envi
sioned, the transmitter would include a 
Nd:YAG rod pumped longitudinally by laser 
diodes. The second harmonic of the funda
mental (l06-!-IfT1 wavelength) output of the 
laser would be generated in the laser cavi· 
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ty by KTiP04, a nonlinear optical material. 
The modulated beam of light would be sent 
out through a telescope to keep the diverg
ence low. 

The receiver would not require a diffrac
tion-limited imaging telescope: a simple 
large collector (like a solar collector) would 
suffice. At the receiver, most of the back
ground light would be suppressed by a nar
rowband interference filte r. Further re
jection of noise would be provided by the 
narrow time slots in which information 
would appear. The optical signals would be 
detected by cooled avalanche photo
diodes. 

An important element in the design is 
the choice between Q-switching and cavi
ty-dumping modulation schemes. In Q
SWitching, energy is stored in the inversion 
of the atomic population by keeping the Q 
(the ratio of the angular frequency of the 
radiation to the rate of damping of the 
radiation by the cavity) too low to support 
oscillation. This is accomplished in the 
laser cavity with an element, the damping 
of which can be controlled. Atoms are 
pumped to the upper state, but, in the 
absence of stimulated emission, popula
tion of the upper state is greater than in the 
equilibrium condition achieved when las
ing occurs. When the Q is increased (by 
reducing the damping), the energy in the 
atoms is immediately available, and the 
rate of stimulated emission becomes large. 
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A high-energy pulse then depletes the up
per level, and lasing ceases temporarily. If 
the Q is reduced at that moment, the pump 
energy again begins accumulating popula
tion in the upper state. The time required to 
repump the population inversion and the 
time required to build up the electromag
netic field in the laser cavity impose an up· 
per limit on the rate of Q-switching. A pulse
repetition frequency of the order of 50 kHz 
is the maximum value that can provide 
high-peak.power pulses from Nd:YAG. 

For pulse repetition frequencies above 
50 kHz, cavity dumping is preferred. In this 
approach, instead of storing the energy in 
atoms, the energy is stored in the photon 
field of the cavity. The output coupling 
strength is varied so that the energy in the 
cavity is extracted when it is needed. The 
laser is kept above threshold during the en
tire process. Although cavity dumping can 
be extremely efficient at frequencies of 
many megahertz, at low pulse-repetition 
frequencies it is less efficient. 

This work was done by M. D. Rayman 
and D. L Robinson of Caltech for NASA's 
Jet Propulsion Laboratory. To obtain a 
copy of the report, "Modulation Tech
niques for Deep-Space Pulse-Position 
Modulation (PPM) Optical Communica
tion," Circle 134 on the TSP Request Card. 
NPO-17506 
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Two-Frequency Electro-optic Gas-Correlation Spectrometer 
An acoustical modulator is not necessary. 

NASA 's Jet Propulsion Laboratory, Pasadena, California 
A relatively simple gas-correlation spec

trometer employs electro-optic phase mod
ulation (EO PM) at two frequencies rather 
than at one [Applied Optics, 25, 2860, 
1986] to detect selectively gaseous abo 
sorption of radiation. Detection is performed 
at the difference of the two modulation fre
quencies. 

In the EOPM correlation spectrometer 
(see figure), coll imated light from a source 
is passed through a cell that contains a 
sample for analysis. Light emerging from 
the cell is passed sequentially through two 
EOPM modulators operating at frequen
cies fl and f2and then through a reference 
gas cell . Equivalently, the two frequencies 
can be applied to a single EOPM. A phote
detector measures the intensity of the light 
transmitted through the system. The effect 

of the EOPM's is to redistribute the molec
ular absorption lines of the gas in the sam
ple cell into upper and lower sidebands that 
are displaced from the original positions by 
the phase-modulation frequencies. If the 
absorption spectrum of the gas in the sam
ple cell correlates with that of the gas in the 
reference cell, a signal appears at the de
tector atthe difference frequency, Ifl - f 21 . In 
this case, the amplitude of this signal is pro
portional to the amount of gas in the sam
ple cells. If there is no correlation between 
the spectra of the gases in the sample and 
reference cells, there is no signal. 

This technique offers the advantage that 
the difference frequency, If1- f21, may be 
chosen to avoid the 1 If noise region in
herent in light sources, detectors and am
plifiers. The two frequencies, fl and f 2' must 

be comparable to or greater than the width 
of an absorption line to achieve high re
sponsivity; however, the difference may be 
small so that a large bandwidth detector is 
not required. The signal at If1 - f21 is pro
portional to the absorption in the gas so 
that there is no need to resort to error
prone subtraction of one large signal from 
another to estimate the absorption. The 
correlation spectrometer must be empiri
cally calibrated to obtain a quantitative 
measure of the gas in the sample cell. 

This work was done by Jack S. Margolis, 
David M. Rider, Daniel J. McCleese, and 
John T. Schofield of Caltech for NASA's 
Jet Propulsion Laboratory. For further in
formation, Circle 9 on the TSP Request 
Card. 
NPO-17638 
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The Two-Frequency Bectro-oplic Gas-Correlation Spectrometer is relatively simple. Illumination is provided by an ordinary lamp, there are no 
moving parts (e.g., piston or acoustlc-driver pressure modulators), and the filtered output of the detector is a beat-frequency signal directly 
proportional to the correlation between the spectra of the gases in cells 1 and 2. 

Subliming Layers Would Reveal Aerodynamic Effects 
Multicolored coatings are proposed to study aerodynamic effects on surfaces. 

Langley Research Center, Hampton, Virginia 
In a proposed technique, the flow of fluid 

across a surface would be studied in detail 
by use of a multilayered, multicolored coat
ing. The technique would be particularly 
useful in the study of the flow of air over a 
small area of an aerodynamic surface. By 
use of this method, incremental determina
tions could be made as to friction, the 
transfer of heat, the positions of shock 
waves, and the position and extent of tur
bulence on a given surface. 

A multilayered, uniform coating of the 
type contemplated could consist mostly of 
a chemical, such as naphthalene, that 

40 

evaporates or sublimes from the surface 
as air flows over it. The chemical would be 
applied to the surface in a sequence of thin 
layers, each of which has a different color. 
After a flow time, various colors would ap
pear on the surface, and the researcher 
could relate the colors to specific aerody
namic effects related to such character
istics as friction, the transfer of heat, or 
laminar-te-turbulent boundary-layer transi
tions. 

An important advantage of this tech
nique is that it could show effects of flow 
over a small area of the aerodynamic sur-

face inexpensively. The technique could be 
applied to the surface of a model in a wind 
tunnel or to an aerodynamic surface on an 
aircraft. 

This work was done by Ronald N. 
Jensen of Langley Research Center. No 
further documentation 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 
page24]. Refer to LAR-13742 

NASA Tech Briefs, December 1989 



Correcting Distortions in Optical Correlators 
A coordinate transformation maps object space to correlation space. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
Theory has been developed to predict 

and correct typical anamorphic coordi
nate-transformation errors in off-axis Van
der Lugt optical correlators (see figure). 
These errors cause nonlinear anamorphic 
mapping between the coordinates in 0b-
ject space and those of the correlation spot 
in correlation space. With the help of the 
new theory, they could be corrected by 
nonlinear optical preprocessing or digital 
postprocessing. 

The tracking-and-recognition aspect of 
an optical correlator is evident when the in
put function f(x, y) in object space is the 
same as the initial filter-making function, 
s(x, y), shifted by some amount !!.x, fly in 
object space: 

f(x, y) = s(x -!!.x, Y - fly) 
Paraxial theory predicts that this input 
function will produce a bright spot at a point 
in the correlation plane that maps linearly 
to a location in object space. However, 
paraxial theory is insufficient in practical 
cases where high spatial carrier frequen
cies are required. 

The nonparaxial complex amplitude of 
the shifted Fourier transform of the shifted 
function in the transform space is given by 
F{ s(x -!!.x, Y - fly)} = S(p, q)exp[2ni 

(p cos Px + q cos Py)] 

where pxand pyare the x- and y- axis di
rection cosines, respectively, of a line be
tween the shifted point (!!.x, fly) on the ob
ject plane and the center of lens L,. This 
transform function is multiplied by a term 
proportional to 

S* (p, q) exp [2rrip sin 8] 
which is part of the transmittance function 
of the matched filter made with s(x, y) and a 
reference beam incident at angle 8 to the z 
axis in the (p, z) plane of correlation space. 
The product is the portion C(p, q) of the 
outgoing wave front in correlation space 
that carries the correlation signal: 
C(p, q) = A S*(p, q) S(p, q) 

exp{2rri[o(sin 8 + cos Px) + q cos Py]} 
The coefficients of p and q in the exponent 
can be factored out to create a set of direc
tion cosines ~, rq, and r; for the coordinates 
in correlation space. 

Lens L2 Fourier-transforms C(p,q) to 
produce the correlation spot in the (r, s) 
plane. The placement of this lens along the 
z' axis (which lies along the direction 8 of 
the reference beam) brings the correlation 
spot of an unshifted function s(x, y) to the 
origin of the r, s plane. This is convenient 
for tracking. 

The transformed direction cosines are 
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A Typical Optical Correlator and its coordinate systems are shown schematically to il
lustrate the mathematical model. The correlation-spot map shown below shows how the 
theory worked in a test: The theoretical predictions and experimental results agreed closely. 

transformed further by a rotation of coordi
nates to produce yet another set of direc
tion cosines $,. $ s' $z,in the r, s, z' coordi
nate system. The coordinates in the (r, s) 
plane of the correlation spot of a shifted 
function s(x - !!.x, y - fly) are then given by 
flr = F2(cos $,tcos $z) and 

fls = F2(cos $/cos $ z) 

where F 2 = the focal length of lens L2. 

Thus, a sequence of transformations has 
been Obtained to map the point (!!.x, fly) on 

the object plane to the point (flr, fls) on the 
correlation plane. 

This work was done by Thomas G. 
Chrien and Yeou- Yen Cheng of Caltech for 
NASA's Jet Propulsion Laboratory. For 
further information, Circle 131 on the TSP 
Request Card. 
NPO-17176 
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Optical Matrix·Matrix Multiplier 
~~A concept offers the speed of fully-parallel optical processing. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A proposed apparatus for the optical 

multiplication of two matrices would be 
based on the Stanford optical vector.ma
trix multiplier. Unlike previous matrix.ma
trix optical processors, this one does not 
require the redundant representation of 

Matrix 1: Planar Array 
of Llght·Emitt ing Diodes 

:::~&~ ~ ••• /1 
Plane 1 

Lens 

one of the matrices. Because the appara
tus would perform the multiplication in a 
fully parallel manner, it could be incorpo
rated as a subsystem into a large optical
processing system. 

One of the matrices would be represent-

ed by a planar N-by-N array of light-emitting 
diodes, while the other would be represent
ed by a spatial light modulator of N-by-N 
picture elements (see figure). The portion 
of the apparatus between planes 3 and 5 
would be almost identical to that of the 

Matrix 2: Spat,al 
Light Modulator 

Lens 

Product Matri x: 
Side·by·Slde 

Column Vectors 

Note: All Lenses have the same focal length. 
Plane 5 

Cylindrical Lenses 

The Optical Matrlx.Matrlx Multiplier would process the inputs in a fully parallel fashion, without redundant matrix images or ancillary inter
mediate electronic processing. 
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Stanford multiplier, in which an input rem 
vector is multiplied by the spatial light mod
ulator to generate an output column vector 
on plane 5. 

If two row vectors were present at the 
input of the Stanford multiplier, the output 
column '.ectors would be superimposed. 
However, if a linear-phase mask (which 
makes the phase vary along the length of a 
row vector) were placed over one of the in
put vectors, its output column vector would 
be displaced to the side of the other col
umn vector. The width of the output column 
vectors would be controlled by spatially 

filtering the input rem vectors through the 
slit at plane 2 before the light passes 
through the linear~hase mask. This would 
enable a large number of row vectors to 
pass through the vector. matrix multiplier 
simultaneously and produce the set of spa
tially-distinguishable output column vec
tors that would constitute the product ma
trix. 

This work was done by Gregory Gheen 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Circle 
24 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-17316, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 

Infrared Pyrometry From Room Temperature to 700°C 
Consistent readings are obtained when specimens are prepared appropriately. ~J 

-----------------------------------~~ Lewis Research Center, Cleveland, Ohio 
Experiments have shown that with ap

propriate preparation, infrared pyrometry 
can be used to measure temperatures of 
the surfaces of specimens in the range 
from ambient to 700 °C. The objective is to 
make such measurements on specimens 
in surface-analytic vacuum systems. Here
tofore, optical pyrometry has seldom been 
used for this purpose because of the usu
ally unknown and possibly variable emis
sivities of speCimens, the poor infrared 
transmission of viewing ports in vacuum 
chambers, and the large viewing areas re
quired by most infrared pyrometers. 

The ne-N method largely CNercanes these 
limitations. The transmission of infrared is 
increased by replacing the customary met
al-coated glass viewing port with a quartz 
viewing port covered with tantalum mesh. 
A commercially available infrared micro
scope with a focal distance of 53 cm focus
es on a spot only 1 mm wide on the speci
men. The microscope has an In3) detector, 
cooled by liquid nitrogen, that detects 
wavelengths from 1.8 to 5.5 /AITl and can 
detect temperatures near ambient. The 
microscope is operated as a radiometer. 
Because the output of the detector varies 
by several orders of magnitude, it is proc
essed by a logarithmic amplifier before 
reading. 

The problem posed by unknown emissi
vity is solved by focusing the microscope 
on a flat spot on the specimen painted with 
colloidal graphite (see Figure 1). The 
graphite has a high emissivity that is inde
pendent of the specimen, insensitive to the 
ion bombardment to which the specimen is 
to be exposed, and unchanged by expos
ure to most gases. In the experiments, a 
tantalum specimen so coated was mount
ed on a molybdenum heating stub. A type
K thermocouple was welded to the speci
men. Fixed reference temperatures were 
provided by attaching beads of indium and 
tin , which melt at 157 and 232°C, respec
tively. (These metals were chosen because 
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Figure 1. The Graphite Coat on the specimen has a known emissivity. The thermocouple is 
used to calibrate the reading of the Infrared microscope. The melting of the beads provides 
reference temperatures, including corrections for thermocouple errors caused by thermal 
conduction in the wires. 

they have low vapor pressures in the tem
perature range of interest.) 

Figure 2 shems the calibration curve ob
tained from the infrared and thermocouple 
readings. After initial calibration, the thermo
couple was removed, and the beads alone 
were used. The calibration did not change 
during 6 weeks of intermittent use, nor was 
it changed by removal and repainting of the 
graphite. The calibration also did not de
pend critically on the angle between the 
optical axis of the microscope and the 
coated flat on the specimen or on the angle 
between the axis and the quartz window. 
Both angles could be within ±15° of per
pendicular and were easily set by eye. 

This 'NOrk was done by Donald R. Wheeler, 
Wil/lam R. Jones, Jr., and Stephen v. 
Pepper of lewis Research Center. For 
further information, Circle 20 on the TSP 
Request Card. 
LEW-14B72 
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Figure 2. The Reading of the Infrared MI· 
croscope varies conSistently with the tem
perature of the specimen shown In Figure 1. 
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Low-Density, Sprayable, Thermal Insulation 
An improved formulation prevents cracks. 

Marshall Space Flight Center, Alabama 
A low<iensity, thermally insulating ma

terialls applied by spraying it onto the sur
face to be protected. The material, called 

"MSA-2" is an improved version of a simi
lar material called "MSA-1." In turn, MSA-1 
was designed for use in place of manually 

bonded cork as an ablative insulating ma
terial on the Solid Rocket Booster of the 
Space Shuttle. MSA-2 may also be useful 
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This Robotic System Sprays MSA-2lnsulation onto a workpiece as It rotates on the turntable. The mixture Is recirculated between the spray 
gun and the mixer. 
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as sprayed, lightweight insulation to cover 
large areas in terrestrial applications in 
which manual attachment would be too 
slow or otherwise impractical. 

In the situation for vtlich M&\-2 was form
ulated, it was desired to apply MSA-1 to a 
thickness of V2 in. (13 mm). However, 
MSA-1 cracks at coating thicknesses 
greater than ~ in. (6 mm). The MSA-2 is 
formulated to be more flexible than MSA-1 
is, to prevent coats as thick as Y2 in. from 
developing stress cracks as they cure. The 
table shows the ingredients of MSA-1 and 
MSA-2. The MSA-2 is made more flexible 
by two major changes: First, 15 percent of 
the phenolic microballoons are replaced 
by an equal volume fraction of ground 
cork. Second, the epoxy-modified polyure
thane-resin binder is replaced by a flexibil
ized epoxy-resin binder. 

The methylene chloride and perchloro
ethylene solvents serve as a carrier for the 
sprayable mixture. The high volatility of the 
methylene chloride causes most of it to 
evaporate from the spray and thereby 
causes the mixture to begin to thicken 
before the spray hits the surface. The 
lower volatility of the perchloroethylene 
protects against excessive dryness during 
application. A small amount of ethyl al
cohol activates the clay for control of vis
cosity. 

The figure illustrates a robotic system 
that mixes and sprays the ingredients. Typ
Ically, insulation Y2 in. (13 mm) thick would 
be sprayed onto a substrate in ~ -in. 
(6-mm) layers with a delay of as much as 1 

MSA-1 
Major Component Weight Percent 

Phenolic Mlcroballoons 37.7 
Hollow Glass Spheres 12.6 
Chopped Glass Fibers 1.3 
Milled Glass Fibers 3.1 
Epoxy-Modified Polyurethane 41 .9 

Resin and Catalyst (Crest 
7343 and 7199 or Equivalent) 

Clay (Bentone 27 or Equivalent) 3.5 

MSA-2 
Major Components Weight Percent 

Phenolic Mlcroballoons 32.88 
Hollow Glass Spheres 12.89 
Chopped Glass Fibers 1.29 
Milled Glass Fibers 3.33 
Ground Cork 3.12 
Epoxy Resin and Catalyst 43.04 

(EC2216A and EC2216B, 
or Equivalent) 

Clay (Bentone 27 or Equivalent) 3.55 

Solvents for MSA-1 and MSA-2 Weight Percent 

Ethanol ~1 
Methylene Chloride "'55 
Perchloroethylene "'44 

The Ingredients of MSA-2lnsulatlon make it more flexible than MSA-1 is, so that MSA-2 can 
be applied in thicker layers without cracking. 

h between applications. The cured MSA-2 
has a flatwise tensile strength of 60 to 80 
psi (0.41 to 0.55 MPa) at a temperature of 
75 OF (24 "C), a density of 16 to 18 Ibm.1ft3 
(256 to 288 kg/m3), and a thermal conducti
vity of 0.4 to 0.5 Btu·in.l(ft2.h· oF) [58 to 72 
mW/m· 0c]. The cured MSA-2 also has low 
flammability. 

This work was done by James P. 
McLemore, William E. Norton, Joe D. 
Lambert, William G. Simpson, Sherman 
Echols, Max H. Sharpe, and William E. Hill 
of Marshall Space Flight Center. For fur
ther information, Orcle 90 on the TSP Re
quest Card. 
MFS-28372 

Simple Test for Organic Material in Gas 
Dried enzymes and color indicators test sensitively and selectively. ~~ 

-------------------------------------~~ NASA's Jet Propulsion Laboratory, Pasadena, California 
Dehydrated enzymes can be used in a 

convenient method for analyzing gases for 
specific organic SUbstances, outside the 
laboratory. For example, the method can 
be used to detect alcohol in breath or form
aldehyde in gas streams. 

Enzymes dehydrated under controlled 
conditions on selected organic or inorgan
ic supports can rapidly catalyze reactions 
of organic compounds diluted in gases. A 
redox dye can be included with dehydrated 
enzymes in a powder or on a porous poly
mer strip. The dye changes color sharply 
when the mixture of dye and enzymes is 
exposed to a gas or vapor containing the 
organic material of interest. The enzymes 
are selected for their sensitivity to a par
ticular organic material. The method can 
be used for simple semiquantitative detec
tion or for precise quantitative measure
ment. 

In one demonstration, the method was 
used to conduct simulated "breathalyzer" 
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tests, to detect ethanol in gases that 
represented the breaths of human sub
jects after they had ingested alcoholic 
beverages. The enzymes alcohol oxidase 
and peroxidase and the color indicator 
2,6-dichloroindophenol were dissolved in 
water. The solution was dispersed on mi
crocrystalline cellulose powder and dried 
at room temperature until the water con
tent amounted to only 30 to 40 percent of 
the total weight. The powder was packed in 
small glass tubes to a depth of about 1 cm. 

Ethanol vapor at the various concentra
tions was passed through the tubes for 5 s. 
The final color and the time for a complete 
change in the color of the indicator from 
dark blue to pale violet could be adjusted 
by changing the amount of indicator. For 
example, the time for a complete change 
in color at a concentration of alcohol 
equivalent to that in breath corresponding 
to a legally defined maximum for driving 
(0.1 percent ethanol in blood) could be pre-

set to occur after an exposure lasting 1 
min. 

An unknown concentration can be de
termined by comparing the time required 
to change color or the final color or optical 
density with calibrated values. For quanti
tative measurements, sheets of microcrys
talline cellulose containing the enzyme
and<lye mixture are cut to size and placed 
in glass tubes. After 10-s exposures to 
ethanol vapor, changes in optical density of 
the sheets at a wavelength of 605 nm are 
monitored by a densitometer connected to 
a recorder. The slope of the plot and the 
final optical density are a function of the 
concentration of ethanol. 

The enzyme/dye test is extremely sensi
tive: it can detect concentrations of ethanol 
as small as 1 micromolar in gas. It is also 
highly specific, giving a positive reaction, in 
addition to ethanol , only to methanol, form
aldehyde, and hydrogen peroxide, all of 
which are absent in human breath. More-
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over, the test is easy to perform and takes 
only 1 to 3 min. 

In contrast, other methods currently 
used to detect ethanol in breath tend to be 
nonspecific. They involve the use of oxidiz
ing agents that change color by reaction 

Books and Reports 
These reports, studies, hcrldbooks 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. 

MAXIMUM 

MODEL FREOUENCY 
RESPONSE 

K.1 * 8 1.000 500 

R.10 81.000 500 

R.1 L 81 .000 500 

R.2A * i----- ---'--'-i 500 

R·2L 500 

with virtually any organic substance in the 
breath. More specific methods, such as 
analyzing the ethanol content in saliva, re
quire careful manipulations and take up to 
10 min. 

This work was done by Eduardo Barzana, 
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These compounds can be 
used in the synthesis of 
substituted anthracenes. 
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Alexander Klibanov, and Marcus Karel of 
Massachusetts Institute of Technology for 
NASA's Jet Propulsion Laboratory. For 
further information, Qrcle 104 on the TSP 
Request Card. 
NPO-17540 

Experiments described in a report have 
revealed some potentially useful aspects 
of the photochemistry of 2,5-<jibenzoyl-1,4-
dimethylbenzene (DBX) and 2,5-<jiacetyl-
1, 4-dimethylbenzene (DAX). In some re
spects, the behavior of these compounds 
is reminiscent of that of the orthoalkyl
phenyl ketones, which have been studied 
from a similar perspective for more than 
two decades. 

Both DAX and DBX were found to un
dergo photoenolizations similar to those of 
the orthoalkylphenyl ketones. However, 
unlike the orthoalkylphenyl ketones. each 
of the two compounds can undergo two 
tandem photoenolizations. Furthermore, 
just as photoenols derived from orthoalkyl
phenyl ketones have been trapped with 
Diels-Alder dienophiles before they de
cayed within microseconds to provide a 
convenient synthesis of substituted tetra
lins, Diels-Alder trapping of photoenols 
from DBX provided a route to the synthesis 
of tetrahydroanthracenes and octahydro
anthracenes. 

The photoenolization is a stepwise proc
ess involving the formation of a monoad
duct, which then reacts further to form the 
bisadduct. The formation of the photoad
ducts is regiospecific. Because the reac
tion is stepwise, the overall stereochemis
try is complicated by the presence of two 
independent reaction sites. 

All of the photoadducts of DBX were 
smoothly dehydrated to the corresponding 
tetrahydroanthracenes by the use of hy
drochloric acid in refluxing acetic anhy
dride or benzene. By the use of sulfur in 
refluxing diphenyl ether, the tetrahydroan
thracenes were dehydrogenated and aro
matized to the substituted anthracenes 
with yields of about 80 percent. 

The photoenols of DAX could not be 
trapped with the dienophiles used suc
cessfully with DBX in these experiments. 
However, the results of a previous experi
ment suggest that it may nevertheless be 
possible to do so at lovv yields. 

This work was done by Michael A. 
Meador of Lewis Research Center. Fur
ther information may be found in NASA 
TM-B9836 [NB7-22005], "2-5-0iacyl-1,4-
Oimethylbenzenes - Examples of Bis
photoenol Equivalents." 

Copies may be purchased [prepayment 
required] from the National Technical In
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 4B7-4650. 
Rush orders may be placed for an extra fee 
by calling (BOO) 336-4700. LEW-1470B 
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Compuler programs 
47 XPQ/GCOs-a SYSOUT Int erface Software 
47 Program for Local·Area·Network Electronic Mall 

COSMIC: Transferring NASA Software review of programs in your area of interest. You 
COSMIC, NASA's Computer Software Manage- can also purchase the annual COSMIC Software 

ment and information Center, distributes software Catalog, containing descriptions and ordering in· 
developed with NASA funding to industry, other formation for available software. 
govemment agencies and academia COSMIC is part of NASA's Technology Utlliza-

COSMIC's inventory is updated regularly; new tion Network 
programs are reported in Tech Briefs. For addi- --------------
tional 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 costfrom COSMIC, a facility spon
sored by NASA to make computer programs 
available to the public. For information on pro
gram price, size, and availability, circle the 
reference number on the TSP and COSMIC 
Request Card in this issue. 

G MalhamaUcs and 
~ InlOrmaUon SCiencas 

XPQ/GCOS·8 SYSOUT 
Interface Software 
A slave user program can 
obtain SYSOUT records 
and transfer them to 
a remote device. 

The XPOIcn::>&8 Sysovr interface roft· 
ware consists of modifications of the 
GCO&8 operating system. It includes an 
application subroutine that enables the 
XPQ remote-print software package as 
mod~ied by LSOC to gain access to, read, 
and release data from the cn::>&8 system 
output (SYSOU1) files. Specifically, it con· 
tains a slave subroutine RSYOT, a site
unique Master Mode Entry (MME) proces
sor, and alterations to the GEOT, INIT, and 
System Macro modules for cn::>&8 SR3OO2J 
3003. 

The RSYOT subroutine enables a slave 
user program to obtain and transfer 
SYSOUT records to a remote device. 
There is no limit to the number of SYSOUT 
jobs that can be in the process of transfer
ring data Simultaneously, but it is the 
responsibility of the slave program to keep 
track of the jobs. 

The modifications of the operating sys
tem enable the RSYOT subroutine to gain 
access to the system SYSOUT (BLINK) 
files. This implements all of the privilege 
logic needed to gain access to Sysovr 
jobs. System privileges are not needed for 
either the user's program or this subrou
tine. 

RSYOT was written in GC08-8 Assem· 
bier for execution on a Honeywell DPS-
8170 computer. The subroutine requires 
1106 36-bit words of memory. This program 
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COSMIC'!> - John A. Gibson, Director, 
(404) 542-3265 
The University of Georgia, 362 East Broad Street, 
Athens, Georgia 30602 

was developed in 1987. 
This program was written by Franklin A. 

Flohr of Honeywell Federal Systems, Inc. 
for Kennedy Space Center. For further in· 
formation, Circle 25 on the TSP Request 
Card. KSC-11446 

Program for Local·Area· 
Network Electronic Mall 
Computer workstations 
are used as electronic 
mail boxes. 

MailRoom is a computer program for 
local-area network (LAN) electronic mail. It 
enables users of a LAN to exchange elec· 
tronically notes, letters, reminders, or any 
sort of communication via their computers. 
MailRoom links all users of the LAN into a 
communication circle in which messages 
can be created, sent, copied, printed, 00Nn' 
loaded, uploaded, and deleted through a 
series of menu-driven screens. MailRoom 
includes a feature that enables users to 
determine whether messages they have 
sent have been read by the receivers. 

Each user must be installed separately 
in and removed from MailRoom as he or 
she joins or leaves the network. MailRoom 
comes with a program that enables this to 
be done with minimum effort on the part of 
the administrator or manager of the net· 
work. The program also includes a portion 
that enables the administrator or manager 
to install MailRoom on each user's work· 
station so that, on execution of MailRoom, 
the user's station can be identified and the 
configuration settings activated. The pro
gram creates its Cl'Nn configuration and 
data/supporting files during the setup and 
installation process. 

The MailRoom program is written in Mi· 
crosoft QuickBasic. It was developed to 
run on networked IBM XT/ATor compatible 
computers and requires that all participat· 
ing workstations share a common drive. It 
has been implemented under DOS 3.2 and 
has a memory requirement of 71K. Mail
Room was developed in 1988. 

This program was written by Michael J. 
Weiner of Caltech for NASA's Jet Propul· 
slon Laboratory. For further information, 
Circle 150 on the TSP Request Card. 
NPO-17745 

Analyze Your Data 
with the Most 

Complete and Reliable 
Statistical Software 

When your r esearch goes 
beyond the basics, you can't 
beat BMDP- the most complete 
package {or in-depth data 
analysis. BMDP is a compre
hensive collection of 42 
programs, with capabilities 
ranging from simple descriptive 
statistics to the most advanced 
multivariate techniques. 

The BMDP programs provide 
flexibility and special methods 
that go above and far beyond 
other statistical packages. 

Ideal for Advanced Analysis 

In addition to all the standard 
statistical routines, BMDP also 
provides all possible subsets 
regression, time series, life 
tables, survival analysis, 
repeated measures ANOVA, 
and much more. 

BMDP is well respected, widely 
used, arid fully supported. 

If your analysis requires 
accuracy, reliability, and 
sophisticated statistics
BMDP can't be beat! 

Available for Mainframes, 
Minicomputers, Work 
Stations, and pes 

BMDP is available on a wide 
range of computer systems, 
including IBM mainframes, 
VAX/VMS and UNIX, SUN, 
Data General, HP, CDC, and 

. IBM PC and PS/2 compatibles. 

Call us today. Your satisfaction 
is guaranteed! 

(213) 479-7799 

BMDP Statistical Software, Inc. 

1440 Sepulveda Boulevard 
Lcs Angeles, California 90025 

Fax (213) 312-0161 
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ON-BOARDTM 
High Vacuum Pumps 

CTl-CRYOGENICS' On-Board 
cryopumps integrate and centralize 
sy stem monitoring, control, and diag
nostics. Featuring fast, thorough re
generation, the system actuates 
valves, relays and more. Control is 
through your host computer (via RS-
232) or on a pump-mounted or 
remote keypad/display. 

GI-CRYOGENICS 
HELIX TECHNOLOGY CORPORATION 
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THERMAL 
ANALYSIS 
THIS COMBINATION 

TAKES THE HEAT! 

SINDA '85 / FLUINT 
t/ Transient &Steady-State 
t/ Complex Phenomena 
t/ Fluid Flow Networks 

TRASYS II 
t/ Radiation Analysis 
t/ 2000 Node Capability 
t/ Shading & Shadowing 

NOW AVAILABLE FOR 
DEC VAX & CONVEX 

11' 12' CALL US! 12' 11' 

COSMIC 
ATHENS, GEORGIA 

(404) 542-3265 
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NASA Software UPdate 
Each month NASA Tech Briefs features 
new computer programs available 
through COSMIC, NASA's Computer Soft· 
ware Management and Information Cen· 
ter In Athens, GA. In addition to this new 
technology, the COSMIC Inventory con· 
talns a large selection of "classic" com· 
puter programs that are widely used and 
maintained within NASA. Classic codes 
updated in the last year include: 

Properties and Coefficient Program lor 
the Calculation of Thermodynamic Data 
(PAC2) The program calculates ideal gas 
thermodynamic properties for any species 
for which molecular constant data is 
available, and offers the user a choice of 
methodologies for performing the ther· 
modynamlc calculations. This year PAC2 
was updated to PAC4. Improvements in· 
clude increased user friendliness and the 
ability to extrapolate thermodynamic pro· 
perties for gases to higher temperatures 
using Wilhoit 's formulas . Circle 66 on the 
TSP Request Card. LEW-l0254 

Interactive Controls Analysis (INCA) Ver
sion 3.12 of INCA provides a user-friendly 
environment for the design and analysis 
of linear control systems. The system 
configuration and parameters are easily 
adjusted, enabling the INCA user to cre· 
ate compensation networks and perform 
sensitivity analysis in a very convenient 
manner. A full complement of graphical 

. routines makes the output easy to under
stand. The program is written in Pascal 
and FORTRAN for interactive or batch 
execution and runs on a DEC VAX com
puter under VMS. Circle 67 on the TSP 
Request Card. GSC-12998 

Systems Improved Numerical Differenc· 
ing Analyzer (SINDA) Considered the 
standard in heat transfer, SINDA '851 
FLUINT can handle complex problems in
volving pumps, valves, heat exchangers, 
and resistor-capacitor networks. When 
combining SINDA with another classic 
program, TRASYS II , users can tackle 
thermal radiation problems, including 
shadowing by opaque or semitransparent 
surfaces. Utility programs can automatic· 
ally convert SINDA/TRASYS output to a 
form compatible with NASTRAN-devel· 
oped structures. The 1989 versions of 
both programs were recently ported to the 
CONVEX computer. Circle 62 on the TSP 
Request Card. MSC-13805, MSC-20448 

Global Reference Atmosphere Model 
(GRAM) The GRAM series of four-d imen· 
sional atmospheric models has been vali · 
dated by years of data. The basic, GRAM 
program, written for a UNIVAC computer, 
is still available. More current are GRAM 
86, which includes atmospheric data from 
1986 and runs on a DEC VAX, and GRAM 
88, which runs on an IBM 3084. The pro
gram generates altitude profiles of at
mospheric parameters along any simu
lated trajectory through the atmosphere, 
and is also useful for global circulation 
and diffusion studies. Circle 63 on the TSP 
Request Card. MFS-23336 

NASA Structural Analysis System 
(NASTRAN) The grandaddy of st ructural 
analysis programs, NASTRAN has been 
used since the mid-1 960s to design pro
ducts ranging from aircraft to automo· 
biles to printers. In addition to DEC VAX, 
IBM, CDC, and UNIVAC machine ver
sions, NASTRAN is available for the 
MicroVAX under VMS and UNIX. COSMIC 
generates a new release of NASTRAN 
each year. Circle 61 on the TSP Request 
Card. HON-l0952 

Earth Resources Laboratory Applica· 
tions Software (ELAS) Originally devel· 
oped to process Landsat satell ite data, 
ELAS has been modified over the years to 
handle a broad range of digital images, 
and is now find ing widespread application 
in the medical imaging f ield. Th is year, in 
an effort to increase portab ili ty, the many 
versions of ELAS were condensed into v. 
8.0, wh ich is available for the DEC VAX, 
the CONCURRENT, and for the UNIX en· 
vironment. Circle 64 on the TSP Request 
Card. ERL-l0013 

Land Analysis System (LAS) Version 4.1 
of LAS provides a flexible framework 
for algorithm development and the pro
cessing and analysis of image data. Over 
500,000 lines of code enable image repair, 
clustering, classification, film processing, 
geometric reg istration, radiometric cor
rect ion, and manipulation of image sta
tistics. Circle 65 on the TSP Request Card. 
GSC-13075 

NASA·Enhanced Version of Automatic· 
ally Programmed Tool Software (APT) 
The APT code is one of the most widely 
used software tools for complex numeric
ally·controlled machining. APT is both a 
programming language and the software 
that processes the language. Recent up· 
grades include super pocket for concave 
polygon pockets and an editor to repro
cess cutter location coordinates accord
ing to user-supplied commands. Circle 68 
on the TSP Request Card. GSC-12758 

Network Queueing System (NQS) This 
program provides batch and device queue
ing fac ilities for various computers net
worked in a UNIX environment. It allows 
the network manager to allocate and track 
resources across the network without re
quiring a user to specif ically log in on re
mote target machines. Circle 69 on the TSP 
Request Card. ARC-11750 

Semi·Markov Unreliability Range Evalua· 
tor (SURE) An analysis tool for recon
f igurable, fc:ult-tolerant systems, SURE 
provides an eff icient way to calculate ac
curate upper and lower bounds fo r th3 
death state probabili ties for a large class 
of semi-Markov models. The calcu lated 
bounds are close enough (usually within 
five percent of each other) fo r use in re
liability stud ies of ultrareliable computer 
systems. SURE v. 6.3 is written in PASCAL 
for interact ive execut ion and runs on a 
DEC VAX computer under VMS. Circle 70 
on the TSP Request Card. LAR-13789 
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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. 

MathCA D 2.5 incilldes 3-D plotting, HPGL sketch 
import, and PortScript output. 

MathCAD is far 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 faster, more 
natural and less error-prone than 
the way you're doing them now
whether you 're using a scratchpad, 
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 interfaceft lets you enter 

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, FFfs 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 
60,000 engineers and scientists, 
including electrical, industrial, and 
mechanical engineers, physicists, 
biologists, and economists. r;;~~;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· 

March 14, 
1989 issue. 

Best of'88 
Bestof'87 

users, we present MathCAD 2.0, 
rewritten to take full advantage of 
the Macintosh interface. 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, 
dial1-800-MATHCAD (in MA, 
617-577-1017). 

Available for IBM· compatibles 
and Macintosh computers_ 
TM and @signity manuF.ocru",r's mdemark or 
manufacruf(.r's registered trademark respectively. 

MatheA 
MathSoft, Inc. One Kendall Square, Cambridge, MA 

U.K.: Adept Scientific 0462-480055; France: ISE CEGOS 1-46092768; Gennany: Softline 07802-4036; Japan: CRC 03-665-9768 . PE 
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Multiple-Cantilever Torque Sensor 
~J Sensitivity to spurious loads is small. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

High stiffness, high resolution, and ease 
of fabrication are among the features of a 
specially designed torque sensor. The 
device is flexible and sensitive to torque 
about its cylindrical axis (which one seeks 
to measure) and stiff enough to be insen
sitive to bending about any perpendicular 
axis. 

In effect, the torque sensor is a quasi
flexible inner coupling plate between out
er coupling plates that are connected to 
the driving and driven shafts. The inner 
plate - the main body of the torque sen
sor - has cantilever cutouts around its 
edge. Cantilevers are connected alternate
ly to the driving and the driven plate, so that 
when there is torque between the driving 
and driven shafts, pairs of adjacent can
tilevers deflect circumferentially toward or 
away from each other (see figure). 

A load cell is positioned to measure the 
circumferential deflection between adja
cent cantilevers in two or more pairs. The 
load cell could be a strain gauge, piezo
electric transducer, or linear variable-dif
ferential transformer. In the prototype, a 
piezoelectric ceramic transducer is used 
because its sensitivity is the greatest. 

Although the ratio of flexibility about the 
cylindrical axis to flexibility about any 
perpendicular axis is orders of magnitude 
greater than that of other torque sensors, 

Where can you find 
- Astronaut Ice Cream? 
- Build-It-Yourself Spaceships? 
- Official NASA Patches? 
Only in the new gift catalog 
from NASA Tech Briefs. Circle 
Number 700 for your free 
copy. 

the piezoelement must still be protected 
from small residual shear stresses caused 
by spurious (non-axial-torque) loads. The 
ball bearings in the load cell prevent the 
transmission of shear stress to the piezo
element by accommodating the small 
lateral movements induced by spurious 
loads. The ball bearings are pre loaded by a 
spring, which yields when the load on the 
cell approaches the maximum safe value 
for the piezoelement. Any further increase 
in load then bypasses the piezoelement 
and is borne by the safety flange. 

The dimensions of the cantilevers are 
chosen to provide the required stiffness 
and flexibility in the undesired and desired 
bending modes, respectively. The design 
should be such that if the smallest torque to 
be measured were borne entirely by the 

TORQUE SENSOR COUPLING 

DETAil OF LAUNCH PROTECTION 

cantilevers, they would deflect much more 
than the piezoelements would if the same 
torque were applied to them. When this 
condition is satisfied, the piezoelements 
bear most of the torque and provide most 
of the stiffness for the transmission of the 
torque. 

This work was done by Boris J. Lurie, J. 
Alan Schier, and Michael Socha of Caltech 
for NASA's Jet Propulsion Laboratory. 
For further information, Circle 21 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's Resident Office.JPL [see 
page 24]. Refer to NPO-17461 

TORQUE SENSOR 

Inner Plate 
(Body of 

Torque Sensor) 

load 
Cell 

The Torque Sensor measures and transmits torque between the driving and driven plates. 
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Compliant Prosthetic or Robotic Joint 
Rotation is partly free and partly restrained by resilience and damping. ~ 

------------------------------------------------------... ~ Goddard Space Flight Center, Greenbelt, Maryland 

A rotating joint behaves much like a 
knee, knuckle, or hip·to·leg joint: it can 
rotate freely through a limited angle in one 
plane and is resilient at the limits of the 
range, and is resilient in an orthogonal 
plane so that it can absorb the impact 
loads that occur in everyday use. The joint 
can be used in a prosthetic device to re
place a diseased or damaged human joint, 
or in a robot linkage to limit movement and 
cushion overloads. 

The joint includes U·shaped x· and 
y·axis frames joined by cables that cross in 
at a center piece (see figure). The y-axis 
frame can rotate about the y-axis on a 
roller bearing within a predetermined an· 
gular range; an arm on the bearing strikes 
a stop at either end of the range. The y·axis 
frame can rotate slightly farther when the 
arm strikes a stop, because the cables can 
twist. This mimics the compliant resistance 
of knee joint reaching the limit of its for
ward or backward motion. 

End grips on the x- and y-axis frames are 
connected to skeletal or robotic members. 
The upper end grip and the x-axis frame 
can rotate through a small angle about the 
x·axis because the x·axis cable can also 
twist. This is not free rotation, but damped, 
compliant rotation like that of the y-axis 
frame beyond the stops. This compliant 
rotation is like the sideways movement of a 
knee. 

x ___ 

Stop 

Arm 

Y 

Stop 
Roller 

Bearing 

End Grip 

End Grip 

z 

Y·Axls 
Cable 

x·Axls 
Cable 

-x 

The cables are made of independentwire
rope cable, possibly stainless steel. They 
are joined to the frames and center block 
by swaging. The degree of compliance is 
determined by the lengths, diameters, mao 
terials, and strandings of the cables. For a 
robot joint, shear stress is likely to be large, 
requiring thick, strong cables. For a pros· 
thetic human joint, however,loads are small, 
and thinner cables can be used. 

A Kneellke Joint rotates freely through a limited angular range around the y axis. At the 
limits of the range, It rotates compliantly through an additional small angle. Similarly, it roo 
tates compliantly through a small angle around the x axis. 

For a human prothesis, the geometry of 
the joint can be adapted to the local anat· 
omy. In a knee, for example, the center 
piece could could be spherical , and the 
end grips could be rods rather than plates. 

The rods could be fastened by threading to 
fittings in the leg bones or by slide-fitting 
them into the bones. 

This work was done by James J. Kerley 
of Goddard Space Right Center and 
Wayne D. Eklund of NSI Technology Ser
vices Corp. For further information, Circle 
11 on the TSP Request Card. 

Heat Exchanger With Reservoir and Controls 

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, Goddard Space Flight Center 
[see page 24]. Refer to GSC-13153 

A heat-pipe assembly operates as an evaporator or as a condenser. 

Lyndon B. Johnson Space Center, Houston, Texas 
The figure shows a heat exchanger that 

can transfer heat in both directions. The 
heat exchanger includes an assembly of 
heat pipes connected to a reservoir in the 
primary fluid loop. Heat is transferred 
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through the flanges of the heat pipes and a 
finned heat exchanger in contact with the 
joined flanges, to or from the fluid in the 
secondary loop, which fluid flows through 
the finned heat exchanger. When operated 

as an evaporator (to transfer heat from the 
secondary to the primary loop), the array of 
heat pipes demonstrated good load·shar· 
ing performance and a heat-flux capability 
of over 2 W/cm 2 with ammonia as the 
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working fluid. 
The new heat exchanger incorporates 

important improvements over previous de
signs. By adding the reservoir to the pri
mary loop, locating ultrasonic liquid-level 
sensors on the reservoir rather than direct
ly on one of the heat pipes, and revising the 
control logic, the uneven distribution of 
flow among the heat pipes and erroneous 
behavior of valves were eliminated. 

On the primary side of the heat·transfer 
interface, the flanges of the heat pipes are 
welded together to form a flat panel. Fine 
circumferential grooves are machined into 
the upper (vapor) channel of each heat 
pipe. To maintain a nearly constant flux of 
heat per unit length along the length of the 
overall heat exchanger, the density of fins 
in the secondary heat exchanger increas
es from inlet to outlet. This compensates 
for the smaller difference between the 
temperatures of the fluids in the two loops 
near the outlet end. 

Fill and condensate-return valves allow 
liquid to enter or leave the reservoir during 
operation of the heat·pipe panel as an 
evaporator or condenser, respectively. 
When the panel is operating as an evapo· 
rator, a pressurized source supplies liquid 
to the reservoir, which, in turn, supplies liq
uid to the panel. A liquid header connects 
the reservoir to the heat pipes. Capillary 
forces generated by the monogroove slots 

Cl rcumferentlal_g:.2Z~77-~17:~:ZZZl 
Grooves 

DETAIL A 
CROSS SECTION OF HEAT PIPE 

The Heat Exchanger can be operated to transfer heat to or from a secondary liquid heat
transfer loop. 

between the liquid and vapor channels in 
the heat pipes transport liquid into the heat 

pipes for evaporation, as needed. The 
vapor produced in the heat pipes flows 
through a vapor header to a condenser 
elsewhere in the system. The vapor header 
is also connected to the vapor space in the 
reservoir. 

The fill valve opens and closes in re
sponse to the signals from the ultrasonic 
liquid-level sensors and from thermo
couples on the flange of one of the heat 
pipes and on the vapor header. Evapora
tion is allowed to deplete the reservoir until 
both ultrasonic sensors indicate "dry" and 
the thermocouples indicate that the flange 
temperature exceeds the vapor header 
temperature. The fill valve then opens until 
both ultrasonic sensors detect liquid, re
gardless of the thermocouple signals. 

During operation of the heat-pipe panel 
as a condenser, vapor flows from an evap
orator elsewhere in the system, into and 
through the vapor header. The tempera
ture of the vapor header exceeds the tem
perature of the flange. When the difference 
between these two temperatures exceeds 
a threshold value of, say, S to 10 OF (2.8 to 
5.6 0c) and both ultrasonic sensors detect 
liquid, the condensate-return valve opens, 
allowing a pump to remove fluid from the 
reservoir. When the reservoir becomes 
empty or the difference between the tem
peratures falls below the threshold value, 
the condensate-return valve closes. 

This work was done by Richard F. Brown 
and Fred Ede/stein of Grumman Aero
space Corp. for Johnson Space Center. 



For further information, Orcle 135 on the 
TSP Request Card. 

This invention is owned by NASA, and a 

patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 

should be addressed to the Patent 
Counsel, Johnson Space Center [see page 
24]. Refer to MSC-212951MSC-21296 

Computation of Flow About a Helicopter Rotor 
Vortical wakes are captured without ad hoc mathematical modeling. 

Ames Research Center, Moffett Field, California 
An improved method has been devel

oped to simulate numerically the flow 
about a hel icopter rotor with multiple 
blades. In contrast with previous methods 
of numerical simulation, this one computes 
the vortical wake beneath the rotor without 
using simplified ad hoc mathematical 
models of the effects in the wake. 

In this method, the Euler equations of 
flow are solved in an integral formulation in 
which the conservation law is applied to 
each cell of the computational grids. A cy
lindrical system of rotating patched grids 
(see figure) accommodates multiple blades. 
The cylindrical rotating outer grid for one 
blade is generated by solving Poisson 
equations with periodic boundary condi
tions at blade cuts. This grid can be rotated 
and connected with copies of itself to form 
a multiblade grid. There are no discontinui
ties of slope between the grids of adjacent 
blades. 

The Euler equations are solved by a com
puter code that uses Steger-Warming flux
vector splitting in the circumferential (pri
mary-flow) direction and Jameson's dissi
pative terms in the other two directions. 
The use of flux splitting enables one to 
avoid the necessity for the "tuning" of ex
plicit dissipation coefficients. Furthermore, 
the linear stability analysis shows that the 
use of flux-vector splitting combined with 
upwind differencing in the main flow direc
tion and central differencing in the other 
two directions can result in an uncon
ditionally stable two-factored algorithm. 

The conservation law is applied to cells 
defined by the primary grid. The van Leer 
MUSCL(monotone upstream-centered 
scheme for the conservation laws) ap
proach is used to evaluate the conserva
tive variables at the surface of each cell in 
the circumferential direction. 

All of the boundary conditions are imple
mented explicitly. The only unknown bound
ary condition is the one regarding pressure, 
and it can be determined by solving the 
equation for the component of momentum 
perpendicular to the surface of the blade at 
the surface. Azimuthally periodic boundary 
conditions are used in the case of hover. In 
the far field, non reflecting boundary condi
tions are used. At the roots of the blades, 
no flux is allowed across the cylindrical in
ner surface of the grid. This means that the 
simulation includes a fictitious solid cylin
der at the hub of the rotor. 
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The method has been applied to one 
case of nonlifting forward flight and several 
cases of lifting while hovering. In the for
ward-flight case, the unsteady growth and 
decay of the shocks at the tips of the rotor 
blades agree well with experimental re
sults. In the hovering case, at low and mod
erate transonic tip speed, the results show 
good agreement with experimental data in 
the tip region. 

This work was done by C. L. Chen and 
W J. McCroskey of Ames Research Cen· 
ter. Further information may be found in 
AIM paper 88A-22031, "Numerical Simu
lation of Helioopter Multi-Bladed Rotor 
Flow." 

Copies may be purchased [prepayment 
requiredjfrom AIM Technical Information 
Service Ubrary, 555 West 57th Street, New 
York, New York 10019, Telephone No. 
(212) 247-6500. 
ARC-12227 

Rotating 
Outer 
Grid 

Rotor 
Blade 

Patched Grids are used in the numerical 
simulation of flow about the rotor blades. 
The cylindrical configuration simplifies the 
interpolation at the Interface between the 
rotating and stationary grids. 



Tensile Film Clamps and Mounting Block for Viscoelastometers 
~Jsamples are gripped uniformly and reproducibly. 

Langley Research Center, Hampton, Virginia 
A set of clamps and a mounting block 

have been developed for use in determin
ing the tensile moduli and damping prop
erties of films in a manually operated or au
tomated commercial viscoelastometer. 
These clamps and block provide uniformity 
of sample gripping and alignment in the in
strument. The dependence on the opera
tor and the variability of data are greatly 
reduced. 

The viscoelastometer has been used for 
many years for measuring the dynamic 
mechanical properties of polymers. When 
operated manually, the instrl!ment is very 
labor-intensive, requiring the constant at
tention of the operator for hours at a time if 
a wide temperature range is covered. Vari
ous instruments and clamps developed 
over the years for automatic operation and 
improved clamping still have not satisfac
torily solved the problem of reproducible 
and uniform gripping of samples. 

This new design allows for mounting of 
the sample in T-clamps on a film-mounting 
fixture that is removed from the instrument 
(see upper part of figure). The mounting fix
ture securely holds the T-clamps and en
sures alignment and reproducible position
ing of the film in the clamps. The specimen 
of film is placed on the mounting fixture 
and is aligned by positioning the edge of 
the film along a ledge that is spaced so that 
a film of specified width will be centered on 
the T-clamps. 

The bottom of the T-clamp fits into cut
outs in the mounting block and is securely 
locked into place, ensuring reproducible 
positioning. The top portion of the T-clamps 
fits over two alignment pins and is secured 
to the bottom of the clamps by an Allen 
screw. To prevent slipping, twisting, or un
even clamping of the film as the top of the 
T-clamp is tightened, a rectangular film 
holder is placed over the film. This is held in 
position by screwing a top plate, which ex
tends over the film holder, to the mounting 
block. 

After both ends of the film are secured in 
the T-clamps, the top plate and film holder 
are removed. The film can then be viewed 
from the side to assure the operator that 
the clamping is uniform. 

The setscrews on !he side of the mount
ing fixture are then loosened, and the 
clamped film and T-clamps removed from 
the block. The T-clamps are then mounted 
in the viscoelastometer in U-clamps (see 
lower part of figure). The U-clamps are on 
rods that are connected to the stress and 
strain gauges. This portion of the clamping 
assembly is left in place at all times. 

clamps so that the T-clamp runners fit into 
the U-clamp grooves, ensuring reproduci· 
ble alignment of the film on the axis. Iv1 
Allen-head setscrew on the top side of the 
clamps eliminates sli~ge of the T-clamps 
during tensioning of the film and the ac
quisition of data. This gripping assembly 
results in a vertical film mounting, allowing 
an edge-on view of the film as a final check 

on the mounting of the sample. 
This v.ork was done by Diane M. StoakIey, 

Anne K. St. Oair, and Bruce D. Little of 
Langley Research Center. No further doc
umentation 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 aJdressed to the Patent 
Counsel, Langley Research Center [see 
page24J. Refer to LAR-13696 

The T-clamps are slipped into the U- T-Clamps Are Removed From the Mounting Fixture and remounted In U-clamps on the in

54 strument. 
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Dynamic Torque Calibration Unit 
Unit offers precision torque measurement for rotary components. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
~----~------------------------~ 

A proposed dynamic torque calibration 
unit (OTCU) would measure the torque in 
rotary actuator components such as mo
tors, bearings, gear trains, and flex coup
lings. The DTCU would be unique because 
it is designed specifically for testing com
ponents under the low rates typically found 
in precision pointing applications. The 
OTCU would drive mechanisms at con
stant rates or in oscillation at rates up to 8 
rad/s, with O.5-percent rate stability. 
Torques up to 100 Itrin (11 N-m) would be 
measured to within O.OO2Ib-in. (2.2 xO- 4 

N-m), at frequencies up to 5 kHz. 
The DTCU (see Figure 1) would include 

a rate table and the device under test, 
which would be driven by the rate table 
through a custom-fitted fixture. The rate 
table would include two subsystems: (1) a 
brushless dc motor and its controller and 
(2) a torque sensor and associated data
acquisition equipment, as shown in Figure 
2. The rate table would drive the device 
under test at constant speed or in oscilla
tion, depending upon which parameters 
are to be measured. For example, the cog
ging, back electromotive force, ripple, and 
drag of a motor would be measured at con
stant speed, while certain frictional pa
rameters of bearings would be measured 
in ramp or sinusoidal oscillation about a 
particular angle. 

The brush less dc motor in the rate table 
would be com mutated in response to the 
angular-position signal of an angle resolver, 
the phase of the output of which is propor
tional to the shaft angle. The motor con
troller would be an analog proportional/in
tegral/derivative circuit for high-bandwidth 
performance without the complexity of 
digital control. The rate or position mode 
would be selectable. Within these modes, 
rate and position commands would be 
selected digitally and converted to analog 
to assure repeatability of tests. 

The torque sensor would be a piezo
electric dynamometer. The output of the 
sensor would be recorded and analyzed 
either by a computer with data-acquisition 
hardware and software or by a spectrum 
analyzer. 

This work was done by Michae/ L. 
Agronin and Car/ A. Marchetto of Caltech 
for NASA's Jet Propulsion Laboratory. 
For further information, Circle 40 on the 
TSP Request Card. 
NPO-17509 
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Rate 
Command 

Ramp or 
Sinusoidal 

Position 
Command 

Bearing or Other 
Device Under -----l~~ 

Test 

Figure 1. The Dynamic Torque·Calibratlon Unit would measure the torque in the device 
under test during controlled steady rotation or oscillation. 

Brushless 
de Motor 

Pancake 
Resolver 

Custom Fixture 
Required for Each 
Device Under Test 

Radial 
Bearing 

11 In . 

Figure 2. The Mechanical Components of the Rate Table are shown in more detail. The rotor 
would be oriented vertically, supported by an upper angular-contact bearing and a lower 
radial-contact bearing that would float axially to prevent thermal expansion from loading the 
bearings. A high·load capacity air bearing would be available to replace the ball bearings 
when higher load capacity or a reduction in rate noise is required. 
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Fabrication Technology 
Hardware, Techniques, and 
Processes 

58 Enclosed Cuttlng-and
Polishing Apparatus 

Enclosed Cutting-and-Polishing Apparatus 
!,,~ SOlid, liquid, and gaseous materials would be withdrawn from or held within a removable liner. 

Marshall Space Flight Center, Alabama 

A proposed apparatus would cut and 
polish specimens while preventing con
tamination of the outside environment or of 
subsequent specimens processed in it. 
The apparatus is designed for use in zero 
gravity but also includes features that 
would be useful in the cutting and polishing 
of toxic or otherwise hazardous materials 
on Earth. 

The apparatus would include a remote 
manipulator for handling specimens, a cut
ting and polishing wire, inlets for gas (air, 
nitrogen, or inert gas) and liquid (e.g., wa
ter), and outlets for waste liquid and gas. A 
replaceable plastic liner would surround 
the working space (see figure). 

The liner would contain an access port 
for introduction and removal of specime:1s, 
a hydrophobic particle filter, a cutting-and· 
polishing head, and the inlet and outlet con
nectors for the liquids and gases. Pressure 
in the liner would keep it inflated and force 
the gas through the filter. 

Uquid would be sprayed onto the cutting 
wire to provide lubrication and cooling and 
to remove particles. The flowing gas would 
entrain droplets of water and particles, car
rying them to a centrifugal phase separa
tor. The liquid thus recovered would be fil
tered and reused. 

From outside the liner, a magnetic cou
pling would drive both the cutting-and-pol
ishing head and a pulley that would drive 
the cutting wire. During cutting and polish
ing, a cylindrical collar would hold the 
specimen. A bladder inside the collar 
would inflate to secure the specimen for 
proceSSing without damaging it. Thus held, 
the specimen could be positioned by the 
remote manipulator without being harmed. 

After the specimen is processed, it 
could be removed from the machine through 
a bag assembly that would be attached to 
the access port. The bag would prevent the 
contents of the liner from entering the out
side atmosphere. The liner and its con
tents - including the cutting-and-polish
ing head - would then be removed and . 
replaced by a fresh liner. 

This work was done by R. N. Rossier and 
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B. Bicknell of Martin Marietta Corp. for 
Marshall Space flight Center. No fur
ther documentation is available. 

mercial use of this invention should be ad
dressed to the Patent Counsel, Marshall 
Space Flight Center[seepage24J Refer to 
MFS-28393 Inquiries concerning rights for the com-

Cuttlng-and
Polishing Box ~ 
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Inlet and Outlet 
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BLADDER DEFLATED 

SPECIMEN HOLDER 

BLADDER INFLATED 

A Removable Liner Would Surround the workspace. The liner would Include a glovelike por
tion that would provide access for a remote manipulator. 
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If you need to measure the bumps, the shakes, the beats, the 
pressure, or the heat, TEAC makes a data recorder in the right size 
and format to meet your needs. In fact, we make so many different 
kinds of data recorders you almost need a data recorder to keep 
track of them all. 

We made the first, and we offer the most extensive line of VHS 
data recorders. For ease of operation, economy, and convenience of 
media, the VHS format is the best 

We make the world's smallest 9-channel portable Philips 
cassette data recorder. 

And we make a comprehensive line of reel-to-reel data recorders 
with extended recording times and up to 28 channels available. 

We offer the widest selection of cassette data recorders from 
1- to 9-channel models, from pocket-sized to sturdy laboratory and 
field systems. 

Our new portable data recorders incorporating DAT technol
ogy are the leading edge in instrumentation recorders. 

If you can't find the data recorder in the format you need from 
TEAC, then it doesn't exist 

And if it doesn't exist i~s because TEAC hasn't built it yet 

TEAC 
Instrumentation Data Recorder Division. 

«:> 1989 TEAC AMERICA, wc., i/33 TELEGRAPH ROAD, MONTEBELLO, CA 90640 (213) 726-0303 
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Mathematics and Inlormation Sciences 
Hardware, Techniques, and Books and Reports 
Processes 62 Frequency Estimation 
60 Partitioning and Packing Techniques for High 

Equations for Parallel Dynamic Trajectories 
Processing 

Computer Programs 
47 XPQ/GCOS-8 SYSOUT 

Interface Software 
47 Program for Local.Area. 

Network Electronic Mail 

Partitioning and Packing Equations for Parallel Processing 
The parallelism in equations is exploited to speed calculations. 

Lewis Research Center, Cleveland, Ohio 

M algorithm has been developed to iden
tify the parallelism in a set of coupled ordi
nary differential equations that describe a 

physical system and to divide the set into 
parallel computational paths, along which 
parts of the solution can proceed inde-

60 Circle Reader Action No. 595 

pendently of the others during at least part 
of the time. A related algorithm packs the 
equations into a minimum number of proc
essors. Together, the algorithms help to ex
ploit the potential for speedup in parallel 
processing while using the available com
puting resources effectively. 

The partitioning or path-identifying algo
rithm operates on a computer program 
that incorporates the mathematical model 
of the system in question and solves the 
equations by conventional serial proces
sing. To develop the computational paths, 
this algorithm processes the program to 
extract the result/argument relationships 
from the serial set of equations. Because 
the calculation time of each equation is 
crucial to partitioning, it is also extracted 
during this initial processing. 

The time at which an equation can start 

Create the set of equations, 
the results of which are 
dependent arguments of 

EI and are still unassigned. 

The Path·ldentlfylng Algorithm creates a 
number of paths consisting of equations 
that must be computed serially and a table 
that gives the de~endent and independent 
arguments and the "can start," "can end," 
and "must end" times of each equation. 
The "must end" time is used subsequently 
by the packing algorithm. 
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Macsyma® ... 
the most powerful 
math software 
in the world of 
mainframes, 
nowon 
PC's. 

1989 Symbolics Inc . 

Circle Reader Action No. 524 

Until now, if you wantedto 
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/DOS
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 
calcu lations that used to require 
mainframe performance. 

There's one thing about 
MACSYMA that isn't complex - using 
it. [n 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 11'. 
Call 1-800-MACSYMA (in 
Massachusetts, 617-221-1250). 

symbolics Inc 

Computer Aided Mathematics Group 
8 New England Executive Park East 
Burlington, MA 01 803 U.S.A. 

MACSYMA is a registered trademark of Symbolics. Inc. 

• 100% IBM compatibles. 



is determined by the time needed to com
pute previously any arguments that appear 
in the equation. The time at which an equa
tion can end is the starting time plus the 
calculation time, and this in turn sets an 
earliest starting time for another equation 
of which the result of the present equation 
is an argument. 

Once these attributes have been estab
lished for each equation in the program, 
the identification of computational paths 
(see figure) can begin. The algorithm iden
tifies all paths that contain no parallelism 
and the equations of each of which must 
be computed serially. The paths are orga
nized into a linked list and ordered in terms 
of decreasing path calculation time. The 
first path in the list is the critical (longest) 
path, which determines the overall calcula
tion time. 

To begin the formation of a path, the al
gorithm selects the equation that has the 
maximum "can end" time and that has not 
already been assigned to another path: this 
is the last (result) equation of this path. The 

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. 

Frequency Estimation 
Techniques for High 
Dynamic Trajectories 
Four frequency-estimation 
techniques are compared by 
means of analysis and 
numerical simulations. 

This report presents a comparative 
study of four techniques for estimating the 
frequency of a sinusoidal signal received in 
the presence of noise when the transmitter 
and/or receiver are experienCing very high 
dynamics. The study bears directly on the 
processing of signals encountered by 
Global Positioning System receivers. The 
four techniques involve an approximate
maximum-likelihood estimator, an extend
ed Kalman filter, a cross-product automat
ic-frequency-control loop, and a digital 
phase-locked loop, respectively. In numer
ical simulations, each technique is applied 
to the signal from a transmitter maneu
vering along a common trajectory; the per
formance of each is examined to deter
mine its useful operating range, and the 
performances are compared. 

The trajectory is characterized by posi
tive- and negative-going pulses in jerk last
ing 0.5 s and having a magnitude of 100 gls 
(where g = normal Earth gravitational ac-

NASA Tech Briefs, December 1989 

next equation chosen for this path is the 
next-to-Iast equation of this path and is the 
equation with the maximum "can end" 
time that produces a dependent argument 
needed in the result equation. The process 
repeats in this manner until the insertion of 
an equation that has only independent 
arguments and has not already been as
signed to another path. This last-chosen 
equation becomes the first equation of the 
path. Paths are formed in this manner until 
all the equations have been chosen. 

The partitioning algorithm is concerned 
not only with when equations can end but 
also with when they must end to keep with
in the specified update time and simulation 
time step. The minimum number of proces
sors needed for a given numerical simula
tion depends on the maximum allowable 
update time, which must be specified prior 
to packing. The simulation time step is usu
ally based on the requirements of stability 
and dynamic accuracy. 

The packing algorithm calls for proces
sors as needed and inserts paths gener-

celeration, rv9.8 m/s), separated by a con
stant acceleration lasting 2 s. A mathemati
cal model is developed for the received 
signal, which is frequency modulated by 
the Doppler effect of this trajectory. The 
trajectory-rnodulated signal is assumed to 
be accompanied by zero-mean, stationary 
Gaussian noise, the bandwidth of which 
greatly exceeds that of the signal but is 
otherwise regarded as narrow. The in
phase and quadrature signals are as
sumed to be sampled and sent to digital 
accumulators, the outputs of which are 
modeled. An equation for the statistics of 
the samples is also derived. 

Next, the frequency-estimating algo
rithms are described. The maximum-likeli
hood estimates of the parameters of the 
signal (amplitude, frequency, and phase) 
are those values that simultaneously maxi
mize the conditional joint probability densi
ty of the observation vector, conditioned on 
the parameters of the signal. For each esti
mate, the observation vector consists of 
consecutive samples obtained during an 
interval that is short compared to the char
acteristic time scale of the variations in the 
trajectory. 

The maximum-likelihood estimator pro
vides the average values of the parame
ters after processing a large number of 
samples. In contrast, the extended Kalman 
filter yields an instantaneous estimate after 
each new sample based on the latest sam
ple and previous estimates. In the cross
product automatic-frequency-controlloop, 
a frequency discriminator tracks the re
ceived frequency, and its output is a cross 
product of two consecutive pairs of in-

ated by the partitioning algorithm. When a 
processor is selected, the path with the 
longest calculation time is inserted. Next, 
the unpacked paths related to paths al
ready in the processor are tested and in
serted if they fit according to a hierarchy of 
relationships between the equations in the 
packed and unpacked sets. When no other 
paths can be inserted into a processor, 
another processor is called for. 

This work was done by Dale J. Arpasi 
and Edward J. Milner of lewis Research 
Center. Further information may be found 
in NASA TM-87170[Nf36.10CfJ81NSP], "Par
titioning and PaCking Mathematical Simu
lation Models for Calculation on Parallel 
Computers. " 

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-14634 

phase and quadrature samples. The phase
locked loop is a fifth-order digital loop, 
which was chosen because it can track 
linear variations in frequency with zero 
steady-state error. 

A mathematical model was developed 
for each case and used in the simulation 
with the trajectory-modulated signal. The 
maximum-likelihood approach was found 
to attain the lowest loss-of-Iock threshold 
(23 dB-Hz), as well as the lowest root
mean-square estimation errors above 
threshold. Although the performance of 
the extended Kalman filter was somewhat 
worse in both respects, it was able to oper
ate with lower frequency-estimation errors 
near threshold. The digital phase-locked 
loop performed well above threshold but 
could not maintain lock reliably below 
about 26 dB-Hz. The threshold for the 
cross-product automatic-frequency-con
trolloop was somewhat lower than for the 
phase-locked loop, but its estimation errors 
above threshold were the greatest of the 
four algorithms. In general, the perform
ance of an algorithm in terms of the proba
bility of loss of lock and the estimation error 
depends on the severity of the dynamics 
and on the extent to which the parameters 
of the signal-processing system can be 
matched to the temporal characteristics of 
the trajectory. 

This work was done by V. A. Vilnrotter, S. 
M. Hinedi, and R. Kumar of Ca/tech for 
NASA's Jet Propulsion Laboratory. To 
obtain a copy of the report, "A Comparison 
of Frequency Estimation Techniques for 
High Dynamic Trajectories," Circle 101 on 
the TSP Request Card. NPO-17695 

62 



Write 50,000 Lines Of Program Code 
Or Call One Toll-Free Number* 

For Signal Processing Software, your best call is ILS.® 
You can write DSP software until 

you're blue in the face, or try using 
competing software products. But 
it boils down to this: today, there's 
only one software package with the 
designed-in capability to integrate 
data acquisition with your signal 
processing requirements. That 
package is lLS, the world standard. 

Additionally, lLS is supported 
on five popular workstations: VAX, 
Masscomp, Apollo, Sun and the 
PC/PS-2 series (and compatibles). 

Network Consistency 
If you have a networked mix of 

systems, lLS presents a consistent 
file and user interface ... no relearn-

ing is required as users switch from 
one workstation to another, and they 
have a choice of a menu interface or 
a command-line interface. 

Unmatched DSP Functionality 
No other software package gives 

you so many signal processing 
options. , . without you having to 
write a single line of code! These 
include waveform display and edit
ing, digital filtering, spectral analysis, 
pattern classification, data manipu
lation and speech processing. lLS 
Fortran source code is available for 
custom applications. 

For these reasons, lLS is in use 
at more than 2,000 sites in 40 coun-

VAX and VAX/ VMS are trademarks of Digital EqUipment Corporation. Sun is a trademark of Sun Microsystems. Inc 
Apollo IS a trademark or Apollo Computers. Inc PClps·2 is a trademark or IBM Corporation 

*Oursicle the USA, caI\805-683-3771 or your closest ILS representative shown below. 

tries, working in such areas as speech 
processing, noise and vibration, bio
medical research, radar and sonar, 
communications and more. 

Remember too, that no software 
developer is more committed to cus
tomer support and satisfaction than 
Signal Technology. For details, or 
for a free, no-obligation lLS dem
onstration tape, call toll-free: 
800-235-5787. 

SIi Signal1C!chnoloc;Jv Inc 
5951 Encina Road, Goleta, CA 93117 

(805) 683-3771 (800) 235-5787 
Telex 650-280-1641 
FAX (805) 967-0871 

• Australia Measurement Technology Pty Ltd Tel . (03) 580·B333 FAX (03) 580-9651 • France SACASA Tel 01l-33·1·69,07,7B.02 FAX 01l·3)·1·69 28 71. 71 Telex 6036i9 • Germany (FRG) 
&. Austria Stemmer El<krroDlk GMBH Tel 01 H9·B9·809020 FAX 01l-i9·89·8090216 Telex 5216125 . Hong Kong R1kei Corporation H K,. Ltd Tel 5·865-539) FAX 5-865-5376 Telex 
86256 . India Sapphire Systems and Semces Pvt ,. Ltd Tel (022) 231010 FAX (022) 2010017 Telex 11 -5291 • Israel McKIt CAD/CAM SYStems. Ltd Tel (0) 510-3729 FAX (03) 510·3707 
• Italy Morra Ingegneri E Consulentt Tel 01l-39·1·7H225n FAX 01l·39-1-7H31243 Telex 2tH15 . Japan R1k .. Corporation Tel (03) 315·1111 FAX (03) 311-3919 Telex 21208 
• Netherlands. Belgium, Luxembourg Muluhouse TS I b .Y, Tel 011·31-20·101919 FAX 011·31·20·106910 Telex 5n68 • Peoplc's Republic of China Imag Industries. Inc, Tel 868721 
<Xt. 1017 Telex 20028 . Republic of China (faiwan) Hermes Epltek Corporation Tel. (02) 709·7606 FAX (02) 700·6181 Telex 26791 . Rcpublic of Korea (South Korea) Sam Hong 
Commerce Corporation Tel (02) n1·1397 FAX (02) 756·9951 Telex 23231 • Spain Instrumatic Espanola, SA Tel. 01l-31·1·1558112 FAX 01l·31·1·597IOn Telex 162n . weden. 
Finland. Norway Acoutronic AB Tel. 011·'16-8·661'1080 FAX 011·46·8·152813 Telex 12H2 3K Systems AB Tel 011-16·8·76i7210 FAX 011·16·8-982588 Telex 15559 . Switterland 
Insuumatic AG Tel 011 ·11 · 1·7231110 FAX 011-11·1·7211268 Telex 826801 • United Kingdom, Ireland Logica Space &. Ddence Systems. Ltd. Tel. 011·11·1·637·9111 ext 1073 
FAX 01 H1·932-66181 Telex 267113 
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New on the Market 
Cellular Automata laboratory (CA 
LabTMj software from Autodesk Inc., 
Sausalito, CA, produces real-time, 
animated graphics that simulate 

E==;::;:::==:=;:;;;====~r=:==;====~;:=~===~~;:::::===l physical and biological phenomena. 
Advanced Graphics Software, The software, which repeatedly up-

Lano lube, a 100"10 pure anhydrous 
lanolin developed by Flexbar Ma
chine Corp., Central Islip, Y, coats 
gauges and gauging accessories, pro
tects parts from rusting, and shields 
instruments from coolant contact. 
The lubricant acts as an anti-seize 
agent for screws, gears, and micro
manipulators, and as a release agent 
for molds and die cavities. A two
ounce tube sells for $4.25. 
Circle Reader Action Number 800. 

----_ .... ---- ---_e. --- -

Sunnyvale, CA, is offering a free dates an initial pattern according to 
demonstration disk of SlideWrite a preselected rule, can simulate 
Presenter™, a graphics package for complex processes such as turbu
IBM PCs and compatibles that en- lence, heat flow, erosion, and the 
abies users to create slide show pre- mixing of gases. Priced at $59.95, CA 
sentations on the computer screen. Lab runs on IBM PCIXf/AT, PS/2, or 
The software combines PCX file im- compatible computers. 
ages from graphics programs (such Circle Reader Action Number 790. 
as SlideWrite Plus™ and lotus Free
lance™), paint programs (including 
PC Paintbrush™), and color and 
black and white scanners. In addi
tion, a full-featured screen capture 
program, Shoot from Inner Media 
Inc., is included to capture text and 
graphics screens from other pro
grams such as l otus 1_2_3™ and 
WordPerfect™. SlideW rite Pre
senter will display any standard PCX 
file it receives, adjusting the image 
size if necessary. 1---------------1 
Circle Reader Action Number 792. American Variseal, Broomfield, CO, 
1---------------1 has developed a new metal-encased 

Burr-Brown's new ZPP100l 
ZPP2001 analog-to-digital and dig
ital-ta-analog converters are the 
fi rst high-performance I/O devices 
designed specifically to connect 
with a general-purpose DSP micro
processor. The " Zero-Chip" inter
face reduces design time and circuit 
complexity, allowing the user to con
centrate on DSP solutions, not DSP 
implementation details. Current 
models will interface directly w ith 
the AT&T WE DSP16 and DSP32 
microprocessors; others will be 
available for the Motorola 56000 
and Texas Instruments TMS32OC2S. 
Applications include speech pro
cessing, SO AR, ultrasonics, ma
chine health monitoring, medical 
instrumentation, and professional 
audio. 
Circle Reader Action Number 788. 

The OVG-1 high-resolution graphics 
display generator from Advanced 
Micro Systems Inc., Hudson, NH, 
can superimpose text, lines, circles, 
crosses, and icons on standard com
posite video signals, such as those 

rotary shaft seal capable of han
dling pressures up to 1000 psi. 
Called the Varilip HP, the seal con
tains a spring-energized sealing ele- I-T-h-e-M-od-g""ra""p-h-G-X--2-2-4-'-i-s -a-c-o-Io- r- ; 

ment made of self-lubricating graphics/alphanumeric PC terminal 
Turcite® PTFE compounds for low for users who require complete 
friction, wide temperature service, compatibility when operating in 
high surface speed, wear resistance, multiple environments. Designed for 
and fluid compatibility. Industrial ap- DEC, TEK, ANSI, ASCII and PC-Term 
plications include rotary joints and environments, the GX-2241 meets 
hydrauliC pumps and motors. the needs of scientific and engineer
Circle Reader Action Number 782. ing users in CAD/CAM/CAE applica-

generated by closed-circuit TV cam- A dispensing/ultraviolet curing sys
eras. The compact unit features four tem for labor-intensive applications 
selectable image displays (frames), is now available from Efos Inc., 
a nonvolatile memory that retains Mississauga, Ontario. The compact 
all display information, and signal handheld unit houses standard 1 Dec 
outputs for image processing. Ap- syringes and Smm diameter liquid 
plications include robotics, pattern light guides. To ensure maximum 
recognition, and targeting systems. safety, the ultraviolet light activation 

I-C_ir_cl_e_R_e_a_d_er_A_ct_ io_n_N_ u_m_be_ r _79_4_.~ is controlled by a switch on the hand 

A portable ATE system from Oliver 
roiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii;C;;;;::;;;;;:;;;=:=;;;-i Advanced Engineering Inc., Glen

ST Monforte Robotics, Trenton , Nj, 
has developed an anthropomorphic 
robot system suitable for light indus
trial work and educational trai ning. 
It features a 24" arm extension, 
0.0003" position resolution, 2.4 
pounds of payload, and wrist roll 
and pitch. The system is comprised 
of a five-axis " R12" robot, pneu
matic operated gripper, Kll R robot 
motion controller, IBM-compatible 
host PC computer!controller, soft
ware, cables, and operation manu
als. Industrial applications include 
gluing, pick and place, loading, in
spection, material handling, and 
assembly. 
Circle Reader Action Number 780. 
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Eclectic Products Inc., Carson, CA, 
has introduced the E-6000™ ad
hesive/sealant for plant, marine, 
automotive, and fleet maintenance 
applications. E-6000 bonds to high
ly porous surfaces such as cinder 
blocks, and to nonporous surfaces 
such as glass and metals. Because it 
is abrasion-resistant, E-6000 can be 
used on surfaces subject to excessive 
wear and it retains its adhesive and 
sealant properties even when sub
merged under water. E-6000 can 
stretch to 600% of its length, making 
it ideal for use between surfaces that 
have different coefficients of expan
sion. The product is available in 
tubes, cartridges, one and five gallon 
pails, and 55 gallon drums. 
Circle Reader Action Number 786. 

dale, CA, screens a variety of semi
conductor components for light, 
moderate, or severe electrostatic 
discharge (ESD) damage. The system 
can test PMOS, NMOS, CMOS bi
polar, and ECl devices using an 
internal database of DC test pa
rameters. It can store up to 25,000 
device tables in non-volatile mem
ory, or the operator can use the 
learn command to build an ESD 
parameter table from a known good 
device in less than ten seconds. An 
optional parametric editor enables 
the user to modify the DC test pa
rameters once they have been load
ed into RAM. 
Circle Reader Action Number 778. 

tions where multiple hosts are in use 
and high-resolution color is needed. 
Features include 800 x 500 resolu
tion and a 14" color display. 
Circle Reader Action Number 784. 

Mechanical Technology Inc. , 
latham, NY, has introduced the 
MTI-2000 Foto nic™ Sensor for 
high-precision, noncontact mea
surement of displacement and vi
bration as well as nonintrusive 
modal analysis. Its interchangeable 
fiber optic probes are immune to 
electromagnetic interference and 
operate on most any type of surface, 
including metallic, composite, 
plastic, and glass. The MTI-2000 pro
vides submicroinch resolution and 
frequency response up to 200 kHz; 
dual channel capability for simul
taneous measurements at two loca
tions; and display readout in engi
neering units, eliminating the need 
to convert volts to displacement 
units or to double integrate accelera
tion signals. 
Circle Reader Action Number 796. 
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New on the Market 

Dimension Technologies Inc. , A noncontact thickness measure
Rochester, Y, has developed a f1at- ment system that uses optical 
panel computer monitor that technology to achieve up to 0.001 " 
enables users to view in 3D without 3ccuracy, with virtual immunity to 
wearing special glasses. The mon- color and reflectivity changes, is of
itor, which delivers black-and-white fered by Spectronics Inc., Beaverton, 
displays generated by any IBM PC, OR. The system's optical sensors are 
produces its 3D effect by means of a 100% solid-state, resulting in a com
special illumination panel placed pact design capable of up to SOO Hz 
behind a standard transparent liquid sampling rates. 
crystal display. The i lluminator Circle Reader Action Number 774. 
allows the user's left eye to see one 
image while the right eye is viewing 
a different angle of the same scene. 
The brain instantly combines the two 
into a single image with vivid per
ceived depth. 
Circle Reader Action Number 770. 

The Parallel Inference Machine™ 
(PIM) from Flavors Technology Inc., 
Amherst, NH, is billed as the first 
supercomputer designed for real

~==~~~~~::::::~=--l time applications in control and 
CHAM of North America Inc., simulation. The computer combines 
Huntsville, AL, has introduced a the software productivity and natural 
new turnkey system for computa- parallelism of expert systems with a 
tional fluid dynamics. The com- new multiprocessor that delivers the 
pany's Flowstation 88000 features a power demanded in applications 
workstation based on the Motorola such as factory automation, process 
88000 microprocessor and is pack- control, command and control, and 
aged with PHOENICS, CHAM's signal and image understanding. The 
general-purpose software for the largest PIM can examine and fire one 
simulation of fluid flow, heat transfer, million rules per second, 2000 times 
combustion, and chemical reac- the performance of an expert system 
tions. Flowstation is also offered as workstation. 
an 80386-based workstation which Circle Reader Action Number 768. 
can be field-upgraded to the more 
powerful 88OOO-based system. 
Circle Reader Action Number 772. 

Imaging Technology Inc., Woburn, 
MA, has introduced a new line of 
AT-based frame grabbers with pro
cessing and memory expansion . 
Targeted at OEMs and system in
tegrators, the VISION-plus-AT family 
provides a range of image processors 
with mid-level capabilities for ap
plications in image analysiS, machine 

f--------------1 vision, and scientific research. Initial
A new AID converter from Prema 
Precision Electronics Inc., Montclair, 
CA, offers 2S-bit resolution, lineari
ty deviations of less than 0.0001 per
cent, typical temperature coefficients 
ofO.S ppm/C, and serial data output. 
Its unipolar and bipolar applications 
include weighing systems, precise 
data collection, and measuring in
struments in the research field. 
Prema's ND converter is priced at 
$360. 
Circle Reader Action Number 776. 
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ly, the product line consists of (top to 
bottom) the Overlay Frame Grabber, 
a single-board product featuring 8-
bit digitization and pseudocolor 
display; the AT Color Frame Grab
ber, a Single-slot frame grabber for 
24-bit true color image processing; 
and the Advanced Frame Grabber, 
a two-slot image processor with 
high-level functions such as variable 
scan and onboard real-time pipeline 
processi ng. 
Circle Reader Action Number 766. 

NlSr NaUonallnltltute of Standards and Technology 

Stand.rd Reference Dn. 
Scientific .nd Technlc.1 D.talNlses 

Scientists and engineers need high-quality, renable data to meet the 
challenges of the future. For the past twenty-seven years, scientists and 
engineers have been relying on the Standard Reference Data Program of 
the National Institute of Standards and Technology to provide critical data at 
critical times. The Standard Reference Data Program has developed 
high-quafity databases In the areas of: 

T1Ie,..odyrNl_1a .,. ........ 
Steam 
Hydrocarbon Mixtures 
Mixture Properties 
JMlAF Thermochemical Tables 
NIST Thermodynamics 
DIPPR Pure Compound Properties 
Aqueous Electrolyte Data 
Industrial Aulds 

P"~.Ic. 
Electron Stopping Powers 
X-ray and 'tray Attenuation 
Electron Diffraction 

~_'C""'~ 
NISTIEPAlMSDC Mass Spectra 
Crystal Data 
X-ray Photoelectron Spectroscopy 

........ 
Corrosion Performance 

KInetics 
Chemical Kinetics 

SRD 1110 hal many new dall~1II1 pIIInnlll. 
CoItIct (381) 175-22D8 for further dellUI Ind prices on current 
and upcoming dallbllll. 

Standard Reference Dell 
NItIonallnstlblie DI 
Standards and Technology 
Bldg. 221/A323 
Galtllenllurg, MD 20899 

Circle Reader Action No. 539 

~-. I I "~ID~Ii!J!1. ~V~Y~IXJ~ @O~O~O@11I 
ENGINEERING INC Tel~301)567-7177 fax:(301)567-9nl 

, • 6188 Oxon Hill Road· SuH. 602 • Oxon Hill, WD 20745 

GET TO KNOW US I •••• 

TRANSFORM PAPER DRAWINGS 

INTO ELECTRONIC FILES 

••• AND SAVE MONEY I 

FIRST 40 HOURS OF 

CONVERSION WORK 

AT ONLY 

$ 25 PER HOUR I 

DT I WILL CONVERT YOUR 
MANUALLY-PREPARED DOCUMENTS 
INTO THE COMPUTER-AIDED 
DESIGN FORMAT YOU S?ECIFY. 

CALL/FAX 

YOUR RECilUIREMENT 

TODAY !II 

Circle Reader Action No. 515 
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PRODUCT: 

Flexible Thennofoil™ 
Heating Elements 

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

DRAWING: 

AP 

FEATURES: 
Etched-Foil Elements: Uniform, reliable heat, high watts_ 
Flexible: Tight thermal conformance, Install anywhere_ 
Thin, Lightweight: Low thermal mass, aerospace use_ 
Profiled Heat Patterns, Integral Sensors: Tight control. 

SPECS: Temp_ to 235 0 C (455 0 F)- MIL-Q-98SS_ NASA S311-79_ 

USER NOTES: Use for light weight, tight control, high wattage, 
long life in critical devices_ 

Wh~n quality and ~rformoncr ore as important as price. co". 

M I NCO PRODUCTS, INC. 
7300 Commerce Lane/Minneapolis. Minnesota 55432 U.S.A. 
Telephone:(612)571-3121/TWX:9Io.S76-2848/FAX: (612)571.()927 

Circle Reader Action No. 308 

RELYON 
RYAN_'} 

Ryan is the worldwide leader in self-
contained temperature monitors with -
units available for a variety of users 
and applications induding scientific 
researchers, aquatic sciences, for
estry, fisheries, just to name a few. 
To see bow time-temperature 
monitoring can help you save time 
and money, find out more about 
Ryan monitors. 

• Inexpensive solutions to your 
data collection problems 

• Can monitor up to 12 
different locations 
simultaneously 

• Allows for data collec
tion anywhere, even 
underwater 

• Software works with your 
mM--PC or PC compatible 

To find out more about the right Ryan instrument for you 
and for a demonstration, contact your distributor or call 800-
999-7926 ext. 500 (US. only) or (206) 883-7926. Or write to 
Ryan Instruments, P. O. Box 599, Redmond, WA 98073-0599. 

01989 R)'an Instruments., all rights restr\'cd. 
mM is a registered tndemark of 
Intttnatiomi Business M3Chines Corporation. 

RYN·22T 

Hyan.lnstruments 

66 Circle Reader Action No. 315 

New literature 
The Rf/Microwave fiber Optic Link 
Design Guide from Ortel Corp., 
Alhambra, CA, discusses link per
formance characteristics, applica
tions, and advantages. Written for 
microwave engineers and designers, 
the guide uses formulas and dia
grams to illustrate how to design an 
analog system. It contains a glossary 
and an appendix that describes typi
cal features of photodiode receivers. 
Circle Reader Action Number 708. 

• 

• 

RF/Micrawave Fiber Optic 
Unk Design GQide 

A free technical guide from 10tech 
Inc., Cleveland, OH, spotlights new 
IEEE 488 interface products, includ
ing the first Sun and DEC SCSI to IEEE 
controllers, an advanced IEEE bus 
analyzer, and WorkBench - a Mac
intosh test and measurement soft
ware program. The guide contains 
sections on IBM PC and Macintosh 
IEEE products, Sun and DEC work
station IEEE products, serial to IEEE 
converters and controllers, analog 
and digital I/O to I EEE converters, 
and IEEE bus analyzers!extenders! 
buffersl converters. Each section in
cludes specifications, software com
mand summaries, programming ex
am pies, and block diagrams. 
Circle Reader Action Number 702. 

" Diffraction otes," a newsletter 
from Lambda Research Inc., Cincin
nati, OH, describes the use of x-ray 
diffraction techniques for the simul
taneous determination of residual 
stress and hardness in steels. The 
newsletter also reports an order of 
magnitude improvement in the rate 
at which electropolishing can be per
formed in a variety of materials, en
abling stress-free removal of material 
to far greater depths than previous
ly practical. 
Circle Reader Action Number 714. 

The CAD Utility Company, Chats
worth, CA, has published a catalog 
of third-party CAD/CAE software, 
including database and netlist trans
lators, partlist generators, file format 
converters, thermal analysis library 
management software, and design 
rule checkers. 
Circle Reader Action Number 706. 

• 

• 

-... ---· -
A new brochure from California 
Eastern Laboratories Inc., Santa 
Clara, CA, describes screening and 
qualification procedures for NEC 
silicon and GaAs monolithic micro
wave integrated circuits (MMICs). 
The brochure provides reliability 
data for both chips and packages in 
military and industrial grades. Qual
ification of the NEC devices is in 

r--,:=::;;:=:::::;~:--------j accordance with MIL-STD-883, 
Method 5005, including radiation 
hardness testing and a 5000-hour 
life test. 

Du Pont Electronics has introduced 
the VALU System, an automated 
lamination unit that allows printed 
circuit board fabricators to apply a 
uniform, defect-free solder mask 
coating to printed wiring boards. 
Described in a new brochure from 
Du Pont, the VALU System com
bines the advantages of dry film sol
der mask and liquid technology. The 
brochure illustrates the system's abil
ity to encapsulate high-density cir
cuitry and tent via holes with a uni
form coating. 
Circle Reader Action Number 712. 

Circle Reader Action Number 704. 

Electro-Kinetic Systems Inc., Trainer, 
PA, is offering a 52-page catalog of 
EMl/Rfl shielding and suppression 
products for architectural, commer
cial, financial, industrial, and military 
applications. Products featured in
clude conductive adhesives, coat
ings, and elastomers, wire-in-sili
cone, and knitted wire mesh. The 
catalog provides specifications, 
properties, and performance data. 
Circle Reader Action Number 710. 
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New Literature 

" Magnetic Cores for Hall Effect 
Devices," a new brochure from 
Magnetics, a division of Sprang and 
Company (Butler, PAl, discusses 
core selection and the effects of an 
air gap on different magnetic 
materials in Hall Effect sensors. The 
brochure explains the Hall Effect 
phenomenon and considersapplica
tions such as detector elements in 
tranducers (converting mechanical 
motion into electrical signals) , 
magnetometers, and wattmeters. 
Circle Reader Action Number 724. 

A new line of OEM cooling fans for 
computers, printers, and medical 
equipment is described in a 

I------------ ---i brochure from Canon USA Inc., 

More than 100 high-efficiency PC 
board and panel-mount LED in
dicators, lamps, and modular 
assemblies are detailed in a catalog 
from Industrial Devices Inc. (101), 
Hackensack, NJ. Product categories 
include 5- and 12-volt LEOs; high
brightness, low-current devices; LED 
modular assemblies in assorted 
shapes and sizes; and neon glow 
lamps. The 224-page publication 
features engineering data, illustra
tions, charts, an applications section, 
and information on IDl'sdesign and 
custom manufacturing facilities. 
Circle Reader Action Number 718. 

Lake Success, NY. Designed for 
quiet operation, the fans feature DC 
brush less motors with ball bearings, 
safety finger-guards, and full protec
tion against faulty power supply con
nections and mechanical locking. 
They vary in size from 1.57" x 
1.57" to 4.72" X 4.72" with a 23 to 
44 db noise level range. 
Circle Reader Action Number 722. 

A free design guide from Nordex 
Inc., Danbury, CT, features over 400 
pages of standard precision instru
ment components and assemblies. 
The guide provides a blueprint of 
each component detailing its mate
rial, finish, and hardness, as well 
as technical specifications such as 
angular misalignment, planar mis
alignment, and stall torque capacity. 

hiiiiiiiijiiiiiiiiiiiiif1 Circle Reader Action Number 716. 

Arion's Flexible Technologies Divi
sion, East Providence, RI , is offering 
a free brochure on Ultratherm® , a 
flexible shielding material that pro
vides high thermal resistance at a 
fraction of the weight of traditional 
stamped metal heat shielding. 
Ultratherm weighs less than two
tenths of a pound per square foot 
and is available in thicknesses rang
ing from .010" to .125" in rolls, 
sheets, diecut pieces, and ther
moformed shapes. 
Circle Reader Action Number 720. 
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Synskin® composite surfacing films 
are described in a new brochure 
from the Dexter Corp., Pittsburg, CA. 
Conventional surfacing films are 
lightweight epoxy film adhesives 
designed for structural bonding and 
adapted secondarily for a surfacing 
application . In contrast, Synskin is 
specifically formulated to solve 
honeycomb core mark-through, 
porosity, and core crush problems, 
and provides a smooth, paintable 
surface with little or no secondary 
preparation. Synskin is compatible 
With a wide variety of composite 
matrix resins and surfaces, and pro
tects composites during machining, 
routing, and drilling. 
Circle Reader Action Number 726. 

BUILDING QUAlITY 
CASES SINCE 1952 

U.A. heavy_IhipplngID..,.........,..._ 

·lcIIIIInct 
pnIdIIIII'" 
.0-"
........ dIIIgnI 

15650 SaIl Lake Alit .. City oIlrIduEy, CA91745' 1".11." _r.t.tt 
(800)FLV ...... 

Circle Reader Action No. 528 

Plasma Spray Coatings 
for a World of Products 
PTI serves customers throughout the USA and Europe. and is 
approved by FAA, OEM, and more than 100 major companies 
PTI has over 300 coating materials available lor a wide variety 
of applications for: 

• Conductivity 
• Corrosion/Oxidation 

Protection 
• Dielectric 
• Thermal Barriers 
• Wear Protection 

Processes Include: 

• Plasma Spray • Hyperveloclty 
• Arc Spray Oxy/FuelSpraying 
• Flame Spray • Machining/ 

Grinding 

Industries served include: 

• Aerospace • Industrial 
;:".,;oialll1!"'" • Automotive • Marine 

• Computer • Petrochemical 
• Electronic .. . and others 

Call or write for design consultation and 
brochure with technical data. 

~ A Leader In Thermal Coating Technology 

~ P~~:~~s~:~~~OL~~!:~:~~?x~~TED 
Torrance, CA 90501·3384 South Windsor, CT06074·1218 

(213) 320·3373 · 775·8319 (203) 282·0659· 282-0650 
FAX (213) 533·1677 FAX (203) 528-2631 

Circle Reader Action No. 463 67 



Simplify the nuts and bolts of 
u .S. Military Specifications. 

Eh nate ours 0 research' 
Distributed on CD-ROM (Compact Disc - Read 
Only Memory), DODISS Plus and Qualified 
Products Lists Services put the information you 
need on your own personal computer. 

T me-saving advantages. 
Eliminate time-consuming hardcopy searches. 
Easy-to-use software allows you to quickly 
identify the documents you need-without 
leaving your desk. Updated databases keep you 
current and complete. 

OODISS Plus Service 
Contains detailed summaries of over 45,000 
active U.S. Military jFederal standardization 
documents, with references to more than 150,000 
historical documents. Also includes references to 
Naval Instructions, DoD Directives, DoD Adopted 
Industry Standards, and more. 

• Instantly screen Scope and Intended Use 
paragraphs. Quickly identify the documents you 
need-avoid wasting time on the ones you don't 
need. 

• Automatically identify documents referenced in 
or applicable to other documents. 

• Identify documents that are being revised. 

Qualified Products Lists (QPL) Service 
Contains the full text of all current QPLs-data 
on over one million pre-tested products. 
• Find the QPL vendor, address and phone 

number-even if you only know a part number. 

• Easily track new and revised QPLs through 
weekly HOT SPECS® updates on floppy diskettes. 

--------- ------ ---------- ----------- ---------------------, 

Yes , please send me a FREE DEMO DISKETTE and 
information on the following services. 

__ DODISS Plus __ Qualified Products Lists 

Check one: __ 5 % inch diskette __ 31/2 inch diskette 
Name ____________________________________ __ 

Dept./Title _______________ _ 

Organization ______________________________ _ 

Adruess ________________________________ __ 

City _____________ State _______ Zip ______ _ 

Phone~( __ ~ ____________________________ __ 

> Information Handling Services® 
Dept. 59 · 15 Inverness Way East · Englewood, Colorado 80112 

, 

FREE DEMO DISKETTE. 
Mail this coupon or call: 

Toll-Free 1-800-241-7824* 
(In Colorado: 303-790-0600, ext. 59) 

• Outside the U.S. Telex: 4322083 rHS UI or 
FAX: 303-799-4097. 

Information 
Handling 
Services® 
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A 
ABLATIVE MATERIALS 
Low-density, sprayable 
Ihermal insulation 
Dec page 44 MFS-28372 

ABRASIVES 
Bendable extension for 
abrasive-jet cleaning 
Feb page 88 MFS-29298 

ACCELEROMETERS 
Low-cost vertical 
accelerometer for aircraft 
Apr page 94 ARC-11870 

Airplane-acceleralion 
display for low-gravity 
research 
Jun page 38 LEW-14650 

Subject index 01 1989 Briefs 
The following pages contain a cross-referenced index of all technical briefs published in NASA 
Tech Briefs during 1989 (Volume 13). The blue listings refer to briefs appearing in this issue. You 
can receive more information on these briefs by requesting the Technical Support Package (TSP) 
referenced at the end of the full-length article, For information on briefs featured in previous issues 
of volume 13, contact NASA's Scientific and Technical Information Facility (see page 24). 

Adaptive control for 
cooperative dual robot arms 
Oct page 64 NPO-1 7368 

Decentralized adaptive 
control for robots 
Nov page 30 NPO-17542 

ADDRESSING 
Optical addressing and 
clocking of RAM's 
May page 32 N PO-16981 

ADHESIVE BONDING 
Tool distributes clamping 
load 
Nov page 64 KSC-11420 

ADHESIVES 
Fluoroepoxy adhesives 
bond fluoroplastics 
Feb page 56 GSC-13072 

AERODYNAMIC STALLING 

aircraft 
Feb page 78 ARC-12141 

AIRCRAFT TIRES 
Efficient computation of 
behavior of aircraft tires 
May page 79 LAR-13815 

AIRFOILS 
Computing flutter 
boundaries 
Apr page 87 LEW-I4380 

Measuring laminar-
separation bubbles on 
airfoils 
Jul page 68 LAR-13952 

Navier-Stokes calculations 
with deforming grid 
Jul page 66 LEW-14711 

Measuring airflow with 
digital hotographic 

ALDEHYDES 
Nonaggregating 
microspheres containing 
aldehyde groups 
Mar page 60 NPO-I5459 

ALFALFA 
Automatic sprout grower 
Jun page 106 MSC-21266 

ALGEBRA 
Path-following solulions of 
nonlinear equations 
May page 90 LAR-13750 

ALGORITHMS 
Scheduling tasks in parallel 
processing 
Jan page 81 NPO-I7219 

Improved algorithms for 
finite-field normal-basis 
multipliers 
Mar page 87 NPO-17225 

of large structures nonlinear oplical devices 
Jun page 99 NPO-16983 May page 60 NPO-17572 

Network-control algorithm ALLOCATIONS 
Sep page 116 NPO-17505 Dynamic transfers of tasks 

among computers 
Variabte-metric algorithm for Sap page 114 NPO-17197 
constrained optimization 
Sep page 78 MSC-21275 ALUMINUM 

Healing vcids in 
Algorithm lor hypersonic interconnections in 
flow in chemical equilibrium integrated circuits 
Oct page 57 ARC-12140 Sap page 108 NPO-17678 

ALIGNMENT ALUMINUM ALLOYS 
Video alignment system for Identification of anomalies in 
remote manipulator welds 
Feb page 44 MSC-21372 Feb page 50 MFS-28285 

ALKALI METALS Variable-polarity plasma arc 
Electrodes for alkali-metal welding of alloy 
thermoelectric converters Sep page 113 MFS-27223 
Nov page 24 NPO-17159 

ALUMINUM GALLtUM 
Tunnel-effect displacement Assessment 01 semiempiri- interferometry ALKALt VAPOR LAMPS ARSENIDES 
sensor cal dynamic stall models for 
Sap page 59 NPO-17362 turboprop 

stall calculations 
ACOUSTIC LEVITATION Jan page 77 LEW-14657 
Densitometry by acoustic 
levitation 
Feb page 74 NPO-16849 

Dig~al controller lor acoustic 
levitation 
Mar page 44 NPO-16623 

Simplified rotation in 
acoustic levitation 
May page 85 NPO-17086 

Determining equilibrium 
position for acoustical 
levitation 
Aug page 80 NPO-17511 

ACOUSTIC MEASURE
MENT 
Acoustical measurement of 
furnace temperatures 
Mar page 51 NPO-17007 

Detecting impacts of 
particles on spacecraft 
Jul page 42 MFS-28278 

Optical measurement of 
sound pressure 
Sep page 50 NPO-17565 

ACOUSTIC MICRO
SCOPES 
Thermal-wave microscope 
Mar page 56 LEW-14740 

ACTUATORS 
Thermal brushes for 
memory-metal actuators 
Jun page 84 NPO-17068 

Three-position cryogenic 
actuator 
Aug page 75 MFS-28265 

ADAPTIVE CONTROL 
Adaptive control of remote 
manipulator 
Mar page 38 NPO-16922 

Discrete-time model
reference adaplive control 
Mar page 48 NPO-17062 

AERODYNAMICS 
Survey of wind tunnels at 
Langley research center 
Aug page 77 LAR-14037 

Frequency-domain modeling 
of dynamics of helicopters 
Nov page 62 ARC-12283 

AERO ELASTICITY 
Computing flutter 
boundaries 
Apr page 87 LEW-14380 

AGfNG (MATERIAL) 
Heated rack lor weathering 
tests 
May page 48 NPO-17524 

AIR PURIFICATION 
Variable-volume container 
Mar page 75 MSC-2t355 

AIRCRAFT COMMUNICA
TION 
Digital, satellite-based 
aeronautical communication 
Feb page 38 NPO-17252 

AIRCRAFT CONTROL 
Terrain-followinglterrain
avoidance system for 
helicopters 
Jan page 30 ARC-11731 

AIRCRAFT DESIGN 
Optimizing locations 01 
nodes to reduce vibralions 
Feb page 73 LAR-13716 

AIRCRAFT ENGINES 
Injected water augments 
cooling in turboshaft engine 
Feb page 85 LEW-14706 

AIRCRAFT INSTRUMENTS 
Low-cost vertical 
accelerometer for aircraft 
Apr page 94 ARC-11870 

AIRCRAFT PERFORM
ANCE 
Vibration-testing facility for 

NASA Tech Briefs, December 1989 

Aug page 34 ARC-12131 Placement of exciters and Current regula lor for sodium- Long-wavelength infrared 
sensors to measure vapor lamps detector 

Calculating transonic flows vibrations Mar page 26 NPO-16702 May page 48 NPO-17543 
about airfoils Apr page 100 NPO-17293 
Sep page 76 LAR-13899 ALKYNES Long-wavelenglh infrared 

Algorithm for optimal control Diphenylpolyynes for detector 

Polarizers 

The world's largest variety of optical polarization components_ In stock_ 
Worldwide. Glan-Taylor, Glan-Thompson, Wollaston, grid-type near- IR, 

phase shift IR mirrors, polarizing beamsplitters, dichroic sheet , depolari
zers, Soleil-Babinet compensators, retardation plates_ From 215 to 2300nm 

and 10_6 microns_ Modificat ions, 
specials and competit ive volume 

prices for the OEM . 

See Index in 
Optics Guide 4. 

mELLES GillOi 1170 Kettering St_ • Irvine, CA 92114 • (114) 261 -5600 

canada [6 131226-5880 ' France 101) 3460-5252 • Japan (03)407-36 14 • Netherlands (08360)33041 
Sweden (0764)3 1570· Taiwan (035)775-111 • Unoted Kingdom (0252)3344 11 • West Germany (06 15 1) 86331 
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RACKMOUNT COMPUTERS 
286/386 computers configured with 
motherboard or passive backplane. 
Models accept up to six drives and 
others offer built-in 14' color or 9' 
mono monitor. We customize to meet 
your system requirements for adapter 
cards, floppy and/or hard drives, etc. 

RECORTEC, INC. 
1290 Lawrence Station Road 

Sunnyvale, CA 94089 800/729-7654 

Circle Reader Action No. 676 

ARE YOU STILL TRYING 
TO MEASURE VERY THIN 
GAPS THE HARD WAY? 

Capacitec HPS Series of thin (back to 
back) sensors can measure gaps as 
small as 0.025" (.635mm) inboard 84" 
(2133.6mm) with accuracies of 0.0003" 
(7.6"m), without scratching delicate 
surfaces. 

~Capacitec 
P.O. Box 819, 87 Fitchburg Rd., Ayer, MA 01432 U.S.A. 
Tel. (508) 772-6033 • Fax (508) 772-6036 
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LoWCOSI, 125101 PC/ATsyslem wilh up to 
16MB RAM, five FD/HD drives. 250W 
power suppty, and O' to 50' C operation. 

""'~ ... ":-: -.. ,:: - 619-744-3590 _ ........ , -
t080 Linda Vista Dr., San Marcos, CA 92069 
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To Advertise-Call (212) 490-3999 

Pressure, Flow 
& Temp. Switch 

HELl 

If you have special reqUirements. we 
can probably save you time and money by 
them with one of our stan dard models. They maintain 
their accu racy over many thousands of cycles. The 
"snap-action" disk spring eliminates most problems 
~ of aerospace pressure switches. 
~ Ask for your copy of the H-E r.atalog. 

~~-&tutue ~. 
3151 Kenwood St. Burbank CA 91505 

(213) 843-6211 89 1 

3-Volume Set 1990 
~ICMASIER 

Available February 1990. 
Pre-paid orders received 

by 1/31/90 - $120, 
after 1/31/90 - $145. 

(Taxable in NY, MA, IL,CA) 

Send Check with P.O. To: 

Vol1 - Functional 
guide to 80 ,000 
standard ICs 
including 14,000 
NEW devices. 

Vol 2 - 1,000+ manu
facturers tech 
data pages. 

Vol 3 - Systems level 
guide to Custom 
/ Semi-custom 
ICs and Design 
Automation tools. 

10 Day Money 
Back Guarantee 

leM I Hearst Business Communications. 
645 Stewart Ave .• Garden City. NY 11530. 
Att: Marie Botta 

VISA 
and MC 

welcome 

(516) 227-1300 ' FAX (516) 227-1901 ~~ 
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Name 

Climb aboard 
the world's best 
fighter air
c:raft-the F-16 
Falcon, F-15 
Eagle, and 
F-111-for high 
flying adventure! 
This actlon
packed VHS 
videotape 
features real 
combat footage. 
$19.95 each plus 
$3.00 postage. 
NY residents 
add sales tax. 

Address ________ _ 
City __________ _ 
State ______ Zip __ 
Total enclosed: _____ _ 
for ___ Jet videos. 

Send check or money order 10: 
NASA Tech Briefs, Dept. F 

41 East 42nd St_, 
New York, NY 10017 

FREE! 
130 

Page 
Catalog 

"Optics 
for 

Industry" 
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DIGITAL COMMAND 
SYSTEMS 
Digital controller for acoustic 
levitation 
Mar page 44 N PO· I6623 

DIGITAL COMPUTERS 
Mon~oring the execution of 
a VAX image 
Mar page 68 NPO·17297 

Examining the subroutine 
structure of a V AX image 
May page 71 NPO-17298 

DlGITA~ DATA 
Detector for FM voice or 
dig~al signals 
Apr page 66 NPO-16788 

Digital signal processor for 
GPS receivers 
Sap page 36 NPO·16997 

DIGITAL FILTERS 
Dig~al Integrate·and·dump 
finer w~h offset sampling 
Nov page 32 NPO·17437 

1 
Improvll'lg eshmates of 
phase parameters when 
amplitude fluctuates 
Nov page 38 NPO-I7560 

Weoghted Integrate-and
dump finer 
Dec page 33 NPO-17423 

DIGITAL SYSTEMS 
Modeling plants with 
moving-average outputs 
Jan page 84 MFS-27187 

Eight-bit-slice GaAs general 
prcocessor circuit 
Apr page 65 GSC-I3012 

Assessment of digital 
control for helicopters 
Jul page 41 ARC-12187 

DIGITAL TECHNIQUES 
Vector adaptive/predictive 
encoding of speech 
Sep page 40 NPO-17230 

DIODES 
BIN diode for submillimeter 
wavelengths 
Jan page 24 NPO-I7258 

Synchronous han-wave 
rectifier 
Jul page 24 NPO-I7220 

DIRECT POWER 
GENERATORS 
Advanced fuel-cell modules 
Jun page 28 MSC-21338 

Piezoelectrostatic generator 
Oct page 24 MFS·28298 

DIRECTIONAL ANTENNAS 
Paraboloidal antenna 
radiates fan or pencil beams 
Sep page 24 N PO·17503 

DIRECTIONAL SOLIDIFI
CATION (CRYSTALS) 
Measurement of 
composition in transparent 
model alloy 
Apr page 72 MFS·26079 

DISCONNECT DEVICE 
Theory of a pyrotechnically 
driven device 
Apr page 76 NPO·17117 

DISKS 
Forging long shafts on disks 
Aug page 79 MFS·28288 

DISPLACEMENT 
MEASUREMENT 
Capacitive displacement 
sensor w~h frequency 
readout 
Jan page 21 LEW·14792 

Tunnel·effect displacement 
sensor 
Sap page 59 NPO·17362 

DISPLAY DEVICES 
Oploelectronic technique 
eliminates common·mode 
voltages 
Feb page 32 LEW-14529 

Program for a pushbutton 
display 
May page 69 LAR·13671 

Airplane-acceleration 
display for low·gravity 
research 
Jun page 38 LEW· 14650 

Forceltorque display for 
telerobotic systems 
Aug page 30 LAR·13727 

DISPOSAL 
Tamper-resIStant secure 
disposal container 
Oct page 58 NPO-I6639 

DISTRIBUTED PROCESS
ING 

ct I ex 
DynamIC transfers of tasks 
among computers 
Sep page 114 NPO-17197 

DOMESTIC SATELLITE 
COMMUNICA noNS 
SYSTEMS 
Digital. satell~e-based 
aeronautical communication 
Feb page 38 I NPO-I7252 

DOPPLER EFFECT 
Fast correc1ion for Doppler 
in MDPSK signals 
May page 34 NPO-I6987 

Frequency estimation 
techniques for high dynamic 
trajectones 
Dec page 62 NPO-I7695 

DOPPLER RADAR 
Exciter for X-band 
transmitter and receiver 
Oct page 34 N PO-17261 

DOWN-CONVERTERS 
Counterrotator and 
correlator for GPS receivers 
Jun page 34 NPO-16998 

DRAFTING (DRAWING) 
Mechanical device traces 
parabolas 
Oct page 57 MSC-21421 

DRAG 
Compression pylon reduces 
interference drag 
Jul page 70 LAR-13777 

DROPS (LIQUIDS) 
Convergenl-filament 
nonmechanical pump 
Sep page 64 NPO-17301 

Simulator of rain in flowing 
air 
Sep page 96 N PO·17237 

Model of turbulent gas 
eddies containing drops 
Oct page 46 NPO·17338 

Turbulence and evaporation 
in clusters 01 drops 
Oct page 45 NPO-17323 

DROP TOWERS 
Research in microgravity on 
Earth 
May page 53 LEW ·14660 

DUST 
Calculating obscuration 
ratios of contaminated 
surfaces 
Aug page 78 NPO·17376 

DYNAMIC MODULUS OF 
ELASTICITY 
Calculating dynamic shear 
moduli of polymers 
Mar page 62 MFS·28340 

DYNAMIC STABILITY 
Hydrodynamic stability and 
frames of reference 
Sap page 71 NPO·I7740 

E 
EDITING ROUTINES 
(COMPUTERS) 
Line-editor computer 
program 
May page 71 NPO-I7300 

ELASTIC PROPERTIES 
Temperature dependence of 
elastic constants of 
polymers 
Sep page 71 NPO-17762 

ELASTOMERS 
Ultra-high·molecular-weight 
silphenylene/siloxane 
elastomers 
Jan page 42 MFS·27120 
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1989 Annual Subject Index 
Applying elastomeric 
insulation inside a round 
case 
May page 87 MFS-28286 

ELASTOMETERS 
Making reliable large
diameter O-rings 
Oct page 67 MF5-28371 

ELECTRIC BATTERIES 
Biopolar battery using 
conductive-fiber composne 
Feb page 20 NPO-14994 

Advanced small 
rechargeable batteries 
Jun page 32 NPO-17396 

ELECTRIC CONDUCTORS 
Flexible, polymer-filled 
metallic conductors 
Feb page 57 LEW-141S1 

ELECTRIC CONTACTS 
Chain of test contacts for 
integrated circuns 
Mar page 34 N PO-16784 

Multihundred-kilowatt rotary 
electrical-transfer device 
Mar page 78 LEW-142S9 

ELECTRIC CURRENT 
Low-power magnetic current 
sensor 
Jan page 19 NPO-I6888 

ELECTRIC FIELDS 
Review of fiber-optic 
electric-field sensors 
Apr page 76 NPO-I7242 

ELECTRIC ALTERS 
Weighted integrate-and
dump fi~er 
Dec page 33 NPO-17423 

ELECTRIC FURNACES 
Improved transparent 
furnace for crystal-growth 
experiments 
Nov page 68 LEW-14895 

ELECTRIC IGNmON 
Cleanly burning squib 
Jun page 74 NPO-17112 

ELECTRfC MOTORS 
Closed-loop mOlor-speed 
control 
Feb page 26 MFS-29469 

ELECTRIC POWER 
PLANTS 
Photovoltaic generation of 
power by utilities 
Jan page 32 NPO-t 7091 

ELECTRIC POWER 
SUPPLIES 
Protection against brief 
interrup~ons of power 
Mar page 35 NPO-16768 

High-performance power
semiconductor packages 
Jun page 24 LEW-14818 

ELECTRIC WELDING 
Lightweight, high-current 
welding gun 
Sep page 112 MFS-29454 

Resistance welder using 
48Q-Vac ground-fault 
interrupter 
Dec page 28 MFS-29582 

ELECTRICAL ENGINEER
ING 
Computer-aided engineering 
of cabling 
Jun page 68 NPo-17391 

ELECTRICAL EQUIPMENT 
Optoelectronic technique 
eliminates common-mode 
voltages 
Feb page 32 LEW-14529 

ELECTRICAL INSULA nON 

Graphrte fluoride fiber 
composnes for heat sinking 
May page 54 LEW-I4472 

ELECTRICAL MEASURE
MENT 
Optoelectronic technique 
eliminates common-mode 
voltages 
Feb page 32 LEW-14529 

Hall-effect current sensors 
for integrated circuits 
Nov page 28 NPO-17476 

ELECTROCATALYSTS 
Choosing composnions of 
electrocatalysts 
Aug page 38 NPo-17tS7 

ELECTROCHEMICAL 
CELLS 
Protecting fuel cells from 
drowning 
Oct page 44 MSC-2t477 

ELECTRODES 
Strong, low-resistance 
bonds for AMTEC 
electrodes 
Jun page 86 NPO-t7t6t 

Single electrode would 
controt charge-coupled 
device 
Sep page 30 NPo-17313 

Electrodes for alkali-metal 
thermoelectric converters 
Nov page 24 NPO-17159 

ELECTROMAGNETIC 
SCATTERING 
Hypercube-computer 
analysis of electromagnetic 
scattering 
Sap page 49 NPO-17551 

ELECTROMAGNETIC 
WAVE FILTERS 
Digital Integrate-and-dump 
filter wnh offset sampling 
Nov page 32 NPO-17437 

Weighted integrate-and
dump filter 
Dec page 33 NPo-17423 

ELECTROMECHANICAL 
DEVICES 
·Smart· electromechanical 
shock absorber 
Apr page 94 MSC-21368 

Vacuum head checks loami 
substrate bonds 
Aug page 82 MFS-28301 

ELECTRo-opnCAL 
EFFECT 
Spatial modulation of light in 
GaAs 
Jul page 56 NPO-17228 

ELECTRO-OPTICS 
Acousto-opticalimagneto
optical correlator or 
convolver 
Mar page 46 NPO-17178 

Optical processing with 
photorefractive semiconduc
tors 
Aug page 37 NPO-t7324 

Rapidly-indexing 
incremental-angle encoder 
Aug page 34 GSC-13154 

Integrated semiconductorl 
optical information 
processors 
Oct page 22 NPo-I7533 

ELECTRON BEAMS 
Separating isotopes with 
laser and electron beams 
Sep page 58 NPO-16907 

ELECTRON MICRO
SCOPES 
Thermal-wave microscopes 
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COLD OR HOT 

Y.5B![S 
Hot wllther ... When you shut your engine down on a hot 
summer day, particularly after a Tumpike run, it's often hard to 
start . Hot parts expand and pinch together. TUFOIL's super low 
friction helps you get going easier. Cold welther puts a big strain 
on your battery and starting motor. Recent Canadian govem
ment and independent tests in Michigan verify improvements 
when TU FOI L is used. Cranking speed for gas engines improved 
6.1 % ... diesels 9.6% . .. and a 5% fuel savings too. Six U.S_ 
patents so far! Make winter and summer driving and starting 
easier. 

Uu TUFOIL , .. your engines will run beHer, lastlongerl 
TUFOIL to< Eng.-.es'· 
TUFOIL Lublt -8~ 

TUFOIL Gun-Coat'· 
TUFOIL Compu-Lube~ 

TUFOIL LH)htning Grease'· 

But that's only part of the story! Recent tests 
by a major Federal Govemment Lab show a 
surface friction of .029 for their steel on steel 
4-ball test using TUFOIL (teflon on teflon is 
.04) . Confirmation is coming in from all over 
the world . OEMs specify TUFOIL products 
for astonishing improvements in perform
ance in all types of machines. 

TUFOIL is the "transistorof/ubrication"'M . _. 
no other lubricant even comes close. 

1-800-922-0075 
TUFOIL is a TM of Fluoramics, inc. 
TEFLON is a TM of duPont ~ Fluoramlcs, Inc. 

., 103 Pleasant Avenue 01987 Fluoramics, Inc. 

Upper Saddle River. N.J . 07458 We meke the ae .. Superconductors 
In the world tool 
For addilionallechnical information, see NASA Tech Briefs from Nov./Oec, 1986 10 dale. 

Circle Reader Action No. 364 

• 
Servomotor, Multipen, 
A-E Media Sizes and Roll Feed 

Two Outstanding Ways to Save. you can 
get our top-of-the-line LP4000" pen loaded with 
extras for just $4,995; or you can get the same package, 
and our PlotServr Plus" me server, for only 5,495. Think 
of it, a complete plotting solution for about half of what 
you might otherwise pay ,_ 
This unique offer ends soon, I 0 LIN E 
so act now. Talk to your local 
Ioline dealer or call us at PLOTTING SYSTEMS 

(206) 821-2140 for details. AGreatRetumw'tOOrlnvestmel1/ · 

IOUNE CORPORATION 12020 - 113TH AVE. NE KIRKLAND, WA 98034 (206) 821-2140 

Circle Reader Action No. 351 T7 



Vacuum Pump Vibration Isolator 

NEe 
Virbration 
Isolators effectively 
remove turbo-molecular and cryo pump vibrations. 
Available in elastomer and air-isolated versions. 
they are UHV compatible. have short insertion 
lengths and high conductance. A wide variety of 
flanges are available. 

I 
National Electrostatics 

Corporation 
Graber Road, Box 310 
Middleton. WI 53562 

Thl. 6081831·7600· Thlex ;/6·5430 
Fax 60&256--1103 

1989 u I S I ctlndex 
Mar page 56 LEW·14740 MaJong a precisely level 

floor 
ELECTRON MICROSCOPY Jul page 78 MFS-28306 
MaJong durable specomens 
for electron microscopy 
Jun page 55 LEW-14755 

ELECTRON PARAMAG
NETIC RESONANCE 
Measurement of molecular 
mobilities of polymers 
Apr page 74 NPO-l72t6 

ESR measurement of 
crystallin~ in crystalline 
polymers 
Sep page 50 NPO-I7369 

ELECTRON SCATTERING 
ElectronflOn'scattering 
apparatus 
Apr page 70 NPO 16789 

ELECTRON TUNNELING 

EQUATIONS OF STATE 
Equalion of state with 
temperature effects for 
compressed solids 
Jun page 56 LEW-I4616 

Isothermal equaUon of state 
for compressed solids 
Jun page 55 LEW·14615 

ERROR CORRECTING 
CODES 
Eliminaung Iracking system 
clock errors 
Feb page 67 NPO-I7098 

Improved algorithm for finite
field normal·basis mulupliers 
Mar page 87 NPO-17225 

___________ C.=..:ir...:c...:,le-=--R_e_a_d_e_r_A_c_tl_O_"_N_o_._6_3_0 _____ _ _ ___ -1 Tunnel·effect displacement 
sensor 

More on the decoder -error 
probability of Reed·SoIomon 
codes 

78 

SURVIVAL 
INSURANCE 
YOU NEED AU ntE PROTECTION YOU CAN GET. 
Your equipment has to operate in some of the 
world's most hostile environments. No excuses. 
No second chances. You need to Insure equip
ment survival by securing the finest protection 
available: EDAK. 
EDAK systems ready 
transit cases provide ( 
Mll-5PEC reliability, 
and offer options for 
shock Isolated chassis, 
weather proofing, 
cooling, EMI shield· 
Ing and other safe
guards-to give 
your critical 
equipment 
more 
than 
one 
line 
of 
defense. 
Outside: 
rugged
ized, 
special 
aluminum 
alloy. Inside: 
envl ronmentally 
secure contents. 
You have to 
guarantee your 
equipment works 
when it gets there. 

That's what 
EDAK knows. 
That's what 
EDAK does. 

Circle Reader Actio" No. 591 

Sep page 59 NPO-17362 

ELECTRONIC CIRCUITS 
Test structures for bumpy 
integrated circuits 
Sep page 20 NPO-17393 

ELECTRONIC EQUIPMENT 
Output-isolauon and 
protection circuit 
Apr page 26 ARC-11834 

Cooling shelf for electronic 
equipment 
Nov page 59 LAR-13956 

Survey of cooling 
techniques 
Jul page 73 NPO·17457 

ELECTRONIC MAIL 
Program for local·area· 
network electronic mail 
Dec page 47 NPO·I7745 

ELECTRONIC EQUIPMENT 
TESTS 
Automauc parametric testing 
of integrated circu~s 
Jul page 85 NPO-16783 

ELECTROPHOREStS 
Polymer coaungs reduce 
electro-osmosis 
Feb page 62 MFS·26050 

ELECTROSTATIC 
GENERATORS 
Piezoelectrostatic generator 
Oct page 24 MFS-28298 

ENCAPSULATING 
Microencapsulation of living 
cells 
Nov page 88 NPO-17434 

END EFFECTORS 
Robotic tool for ijghtening 
and cutting 
Sep page 98 MSC-21538 

ENDOSCOPES 
Borescope inspects with 
visible or uttralliolet light 
Feb page 75 MFS-29369 

ENGINE COOLANTS 
Injected water augments 
cooling in turtloshaft engine 
Feb page 85 LEW-14706 

ENGINES 
Free·piston Stirling engines 
Jan page 50 LEW-14558 

ENGRAVING 
Advanced engraving of 
angle·encoder disks 
Jun page 93 MFS-28294 

ENZYMES 
Simple test for organic 
material in gas 
Dec page 45 NPO-17540 

EPOXY RESINS 

Apr page 112 NPO-I7467 

Intemal correction of errors 
in a DRAM 
Dec page 30 NPO-17406 

ERYTHROCYTES 
Functional microspheres 
Feb page 93 NPO-14687 

ETALONS 
Etalons help select modes 
of laser diodes 
Aug page 46 GSC-13235 

ETCHING 
Spinner for elching of 
semiconductor wafers 
Apr page 108 NPO-16912 

Plasma/neutral·beam 
elchlng apparatus 
May page 83 MFS-26068 

Roughening surfaces of 
solar cells 
May page 85 NPO·17295 

Process for patterning 
dispenser-cathode surfaces 
Jun page 94 NPO-17183 

EVAPORATION 
Turbulence and evaporation 
in duslers of drops 
Oct page 45 N PO-17323 

EVAPORATIVE COOLING 
Transpiralion and 
regenerative COOling of 
rockel engine 
Aug page 75 MFS·28251 

EVAPORATORS 
High·capacity heat·pipe 
evaporator 
Feb page 73 MSC-21272 

Heat exchanger w~h 
reservoir and controls 
Dec page 51 MSC·212951 
96 

EXCITATION 
Making exciled oxygen 
molecules and atoms 
Sep page 61 NPO-17534 

EXPERT SYSTEMS 
C language inlegraled 
producOOn system 
May page 73 MSC-21208 

Application of artificial 
inlelligence 10 wind tunnels 
Jun page 103 ARC-12229 

Commercial expert·system· 
building software tools 
Jun page 103 ARC-11757 

C language integrated 
production syslem 
Nov page 85 MSC-21208 
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Sometimes overnight is 
absolutely, positively too late. 

We're not knocking the other guys, but some
times you need to get it there right away The very 
same day Today, not tomorrow. 

With TWl\s Next Flight Out- delivery service, 
you're in business. 

Even as you read this, TWA planes are about to 
take off. We can make sure your small package is on 
the next flight out to anyone of over 100 U.S. cities. 
And we'll deliver it door-to-door or airport-to-airport. 
Same day Seven days a week. 

We'll give you our money-back guarantee and 
Frequent Flight Bonus miles, too (exciting details 
when you call). 

Circle Reader Action No. 438 

We also deliver next day to Europe and second 
day to the Middle East. 

So for anything up to 70 pounds domestic and 
50 pounds international, just call the 800 
number. It's that easy It's not 
that expensive. And 
most of all , it's fast 
-very, very fast. 

1·800·638·7380 
For information or 
immediate pick·up, 
ask for Agent 901. 



Simulation of combat with 
an expert system 
Nov page 74 NPO- t 7720 

exr!>LOSlVE DEVICES 
Theo<y of a pyrotechnically 
driven device 
Apr page 76 NPO-17t t7 

EYE DISEASES 
Image-enhancement aid for 
the partially sighted 
Jun page 36 NPO-17307 

EYEPIECES 
Transierring lens 
prescriptions between lens
design programs 
Mar page 64 NPO-17093 

EYE PROTECTION 
Eye-safe Iidar 
Sap page 60 NPO-17464 

F 
FABRICS 
Electrostatic spraying with 
conductive liquids 
Jun page 88 MSC-21067 

FAILURE 
Simulation of failures and 
repairs 
May page 73 LAR-13997 

FAR INFRARED 
RADIATION 
Stable 1.25-W CW methanol 
laser 
Apr page 22 NPO-I7346 

Anemating-gradient 
photodetector for far infrared 
Nov page 26 NPO-17235 

FATIGUE LIFE 
Effects of solidilication 
speed on fatigue properties 
Jun page 67 MFS-27215 

FATIGUE (MATERIALS) 
Predici10ns of fatigue 
damage from strain histories 
Jul page 67 MFS-26060 

FEEDBACK CONTROL 
' Smart" electromechanical 
shock absorber 
Apr page 94 MSC-21368 

Absolute stability and 
hyperslabilny In Hilbert 
space 
Jun page 45 NPO-17590 

Design of combined 
stochastic feed-forward! 
feedback control 
Jun page 103 LAR-13795 

Applying thermal gradients 
to control vibrations 
Sap page 90 NPO-17067 

Force-feedback cursor 
control 
Nov page 42 NPO-17520 

FEEDFORWARD 
COHmOL 
Design of combined 
stochastic feed· forward! 
feedback control 
Jun page 103 LAR·13795 

Design of feedforward 
controllers for munivariable 
plants 
Aug page 33 NPO-171n 

FERMEHTATION 
Munimembrane bIoreactor 
Mar page 88 NPO-17199 

ABER COMPOSITES 
GrapMe fluoride fiber 
composites for heat sinking 
May page 54 LEW-I4472 
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Differential curing in fiberl 
resin laminates 
Jun page 89 MSC-21376 

Making large composrte 
vessels without autoclaves 
Sap page 103 MFS-28390 

ABEROPTICS 
Advanced components for 
fiber-oplical systems 
Feb page 33 NPO-I7080 

Borescope inspects with 
visible or unraviolet light 
Feb page 75 MFS-29369 

Fiber-optic sensor would 
detect movements of shaft 
Feb page 80 MFS-29382 

Optoelectronic technique 
eliminates common-mode 
voltages 
Feb page 32 LEW-I 4529 

Fabrication of fiber-optic 
waveguide coupler 
Apr page 109 NPO-I5630 

Fast asynchronous data 
communication via fiber
optics 
Apr page 38 NPO-16972 

Review of fiber-optic 
electric-field sensors 
Apr page 76 NPO-I 7242 

Spectrum modulating fiber
optic sensors 
Apr page 24 LEW-I4662 

Some protocols for optical
fiber digital communications 
Jun page 98 NPO-17333 

Four-mode squeezing for 
optical communications 
Jul page 44 NPO-17170 

Using bit errors to diagnose 
fiber-optic links 
Dec page 34 NPO-I7433 

FIBER REINFORCED 
COMPOSITES 
Apparatus Impregnates 
weak fibers 
May page 84 LAR-I3603 

AQURE OF MERIT 
Increasing and combining 
outputs of semiconductor 
lasers 
Apr page 30 NPO-17473 

FILAMENT WINDING 
Effects of twist on ceramic 
threads 
May page 66 ARC-II849 

ANITE DIFFERENCE 
THEORY 
Exponential finite-difference 
tehcnique 
Jul page 85 LEW-14737 

FINITE ELEMEHT METHOD 
AutoCAD-to-GIFTS 
translator program 
May page 72 GSC-13211 

AutoCAD-to-NASTRAN 
translator program 
Jun page 70 GSC-13217 

FIRMWARE 
Optical formware 
May page 36 NPO-I6984 

FLAME STABILITY 
Shalter-resistant, flame
resistant window 
May page 58 LEW-14743 

FLANGES 
Lightweight restraint for 
coupling flanges 
Mar page 75 MSC-21211 

FLIGHT CONTROL 

Interface for faun-tolerant 
control system 
Apr page 40 ARC-I1791 

Assessmerrt of oogital 
corrtrol for helicopters 
Jut page 41 ARC-12187 

FLIGHT INSTRUMEHTS 
Alignment system for 
docking control 
May page 38 MSC-21156 

FLIGHT SAFETY 
Multiple-vortex-ring model of 
a microburst 
Nov page 47 ARC-I2219 

FLIGHT SIMULATION 
Piloted simulations of a VI 
STOL aircraft 
Jan page n ARC-11807 

Optimization of simulated 
trajectories 
Apr page 85 LAR-13938 

Optimizing simulaled 
trajectories of rigid bodies 
Apr page 86 LAR-13939 

FLIGHTS TESTS 
Data-processlng system for 
test airplane 
Jul page 32 ARC-I2212 

General-purpose electronic
system tests aircraft 
Jul page 36 ARC-12148 

FLIP-FLOPS 
SEU in an advanced bipolar 
integrated circutt 
Oct page 26 NPO-17553 

FLOORS 
Making a precisely level 
floor 
Jul page 78 MFS-28306 

FLOW CHARACTERISTICS 
Making displaced holograms 
at two wavelengths 
Apr page 68 MFS-2B242 

FLOW EQUATIONS 
Algorithm for solution of 
Navler-Stokes equation 
Jun page 72 LEW-1 4656 

Calculating flows in 
turbomachine channels 
Jun page 76 LEW-14705 

Mathematical models of 
turbulence in transonic flow 
Oct page 59 ARC-12292 

Computetion of now about a 
helicopter rotor 
Dec page 53 ARC-I2227 

FLOW MEASUREMENT 
Whistle guage measures 
flow and temperature 
Jul page 65 NPO-I7243 

Diode-laser doppler 
velocimeter 
Aug page 44 MFS-26104 

Measuring airflow with 
digital holographic 
Inlerferometry 
Aug page 34 ARC-12131 

Subminiature hot-wire 
probes 
Oct page 40 ARC-12228 

FLOWMETERS 
Microtronic flow transducer 
May page 29 LEW-I4854 

FLOW VISUALIZATION 
Electronic rotator for sheet 
of laser light 
Nov page 20 LAR-I3836 

FLUE GASES 
Metal oxide/zeolite 
combination absorbs H,S 

Apr page 81 NPO-I7099 

FLUID ALLED SHEllS 
Making multicore, multJShell 
microspheres 
Jul page 80 NPO-I7203 

FLUID FLOW 
Calculating flows in 
turbomachine channels 
Jun page 76 LEW-14705 

Improving ftow-<XlOtrolling 
vortex generator 
Jun page 73 NPO-I72n 

Upwind swirf coupling in 
Navier-Stokes calculations 
Jul page 71 MFS-29542 

FLUIDIZED BED 
PROCESSORS 
Fluidized-bed reactor with 
zone heating 
Jun page 96 NPO-17470 

FLUORIDE COMPOUNDS 
Pilot plant makes oxygen 
difluorlnde 
May page 62 NPO-17347 

FLUORINATION 
Belter PFAE's from direct 
fluorination 
Apr page 80 LEW-I4613 

FLUOROPOLYMERS 
Fluoroepoxy adhesives 
bond fluoroplastics 
Feb page 56 GSC-1 3072 

FLUTTER 
Computing flutter 
boundaries 
Apr page 87 LEW-I4380 

Predicting flutter of a 
propfan 
Jul page 74 LEW-I4659 

FLUTTER ANALYSIS 
Assessment of semiempiri
cal dynamic stall models for 
turboprop stall 
calculations 
Jan page n LEW-I4657 

FOAMS 
Munipie-purpose rigid foam 
Insulation 
Mar page 62 MFS-28264 

Pourable foam insulation 
Jun page 66 MFS-27217 

Pourable foam Insulation 
Oct page 52 MFS-27217 

FOOD PRODUCTION (IN 
SPACE) 
Automatic sprout grower 
Jun page 106 MSC-21266 

FORGING 
Forging long shafts on disks 
Aug page 79 MFS-28288 

FRACTlJRE MECHANICS 
Constructing R-curves from 
residual-strength data 
Feb page 75 LEW-I4592 

Resistance to delamination 
in composite materials 
Jun page 66 LAR-13753 

R-Curve Instabilny 
calculations of crack growth 
Oct page 62 LEW-I4841 

FRACTlJRESTRENGTH 
Constructing R-curves from 
residual-strength data 
Feb page 75 LEW-14592 

Measuring mechanical 
properties of optical glasses 
Jul page 60 MFS-27206 

FRAMES 
End joint for structural 
elements 

1 RIIUUIIS I ct I dex 
Mar page 81 LAR-I 3584 

FREE FUGHT TEST 
APPARATlJS 
Data-processing system for 
test airplane 
Jul page 32 ARC-I2212 

FREQUENCY MODULA
TION 
Detector for FM voice or 
digital signals 
Apr page 66 NPO-I6788 

FREQUENCY SHIFT 
Frequency eSllmation 
techniques for hlQh dynamic 
trajectories 
Dec page 62 NPO-17695 

FREQUENCY STABILITY 
Exciter for X-band 
transmitter and receiver 
Oct page 34 NPO-17261 

FREQUENCY SYNTHESIZ
ERS 
Pulse-population modulation 
for induction machines 
Jul page 38 LEW-I4669 

FUEL CELLS 
Advanced fuel-cell modules 
Jun page 28 MSC-21338 

Choosing compositions of 
electrocatalysts 
Aug page 38 NPO-17167 

Zerollravny fuel-cell 
product-water accumulator 
Sap page 95 MSC-21351 

Protecting fuel cells from 
drowning 
Oct page 44 MSC-214n 

FUEL COMBUSTION 
Characteristics of 
cenospheres 
Jan page 38 NPO-1 7236 

Evolution of cenospheres 
Jan page 37 NPO-17239 

FURNACES 
Acoustical measurement of 
furnace temperatures 
Mar Page 51 NPO-17007 

Ultraclean radiant furnace 
Mar page 81 MFS-26070 

Improved transparent 
furnace for crystalllrowth 
experiments 
Nov page 68 LEW-14895 

FUSION (MELTING) 
Phase-change heat-storage 
module 
Apr page 103 MFS-26071 

G 
GAlliUM ARSENIDES 
Photodiode-coupled light 
modulator 
Feb page 22 NPO-I6298 

Eight-bit-slice GaAs general 
processor circuit 
Apr page 65 GSC-13012 

Eight-bit-slice GaAs general 
processor circuil 
Apr page 65 GSC-13012 

Growing gallium arsenide on 
silicon 
May page 54 NPO-I7360 

laser-assisted growth of 
AIGaAs films 
May page 83 LEW-I4638 

Straln-Iayer-suppartattice 
light modulator 
May page 51 NPO-16915 

Monoitthic III-V/silicon 
spatial light modutator 
Jun page 28 NPO-16919 

Spatial modulation of light in 
GaAs 
Jul page 56 NPO-I7228 

Optical processing with 
p/lotorefractive semiconduc
tors 
Aug page 37 NPO-I7324 

Delayed shutters for dual
beam molecular epitaxy 
Nov page 78 NPO-I7724 

Pulsed molecular beams for 
growth of InAs on GaAs 
Nov page 76 NPO-l n23 

GAMMA RAY OBSERVA
TORY 
Simulating the gamma-ray 
observatory spacecraH 
Aug page 52 GSC-13147 

GAS ANALYSIS 
Simple test for organic 
material in gas 
Dec page 45 NPO-I7540 

Two-frequency electro-optic 
gas-correiation spectrometer 
Dec page 40 NPO-17638 

GAS CHROMATOGRAPHY 
Calibration-tube dewar 
Feb page 48 ARC-12119 

GAS DETECTORS 
Photovoltaic hydrogen 
sensor 
Jan page 36 NPO-17114 

GAS EXPANSfON 
Joule-Thomson expander 
without check valves 
Feb page 49 NPO-17143 

GAS FLOW 
Isothermalllas-transfer 
program 
Mar page 64 MSC-21 400 

Improved flow-controlling 
vortex generator 
Jun page 73 NPO-I72n 

Whistle gauge measures 
flow and temperature 
Jul page 65 NPO-I7243 

GAS JETS 
Coolant-control vaives for 
fluid-sampling probes 
May page n LEW-14687 

GAS-METAL INTERAC
TIONS 
Effects of aging on 
embrittlement by hydrogen 
Apr page 83 ARC-11762 

Modified technique for 
chemisorption measure
ments 
Apr page 73 LAR-13725 

GAS SPECTROSCOPY 
Phase-modulation gas
correlation spectroscopy 
Mar page 52 NPO-17013 

GAS STREAMS 
Probe samples and cools 
hot gas 
Sap page 56 LEW-I4856 

GAS T1JNGSTEN ARC 
WELDING 
Intelligl9nt welding controller 
Sap page 10.2 MFS-27195 

Tooling for robotic welder 
Nov page 64 MFS-29557 

GAS T1JRBINE ENGINES 
Ceramic bearings for gas 
turbine engines 
Jun page 85 LEW-I 4832 
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18 8 X 
GEARTEETH GRINDING (COMMINU- HEAT RESISTANT 
New methods for generating TION) ALLOYS 
gear surfaces Grinding Si,N, powder in Caldron for high-temperature 
Jan page 50 LEW-14570 Si3N4 equipment alloys 

Sep page 113 LEW-I 4821 Oct page 69 LEW-14790 
GEARS 
Generation method GRrr HEAT SINKS 
improves spiral bevel gears Detecting residues on grit- Carbon sorption cryogenic 
Jan page 49 LEW-I461t blasted surfaces regenerator 

Jan page 40 MFS-28276 Feb page 52 NPo-I7291 
New methods for generating 
gear surfaces GYRO HORIZONS Graphke fluoride fiber 
Jan page 50 LEW-14570 Low-<:ost vertical composkes for heal sinking 

accelerometer for aircraft May page 54 LEW-I4472 
GEOMETRY Apr page 94 ARC-11870 
Building mathematical Honeycomb-fin heat sink 
models of solid objects H Sept page 28 NPo-17198 
Mar page 68 LAR-I3803 

HEAT STORAGE 
GEOPOTENT1Al PhaSlKhange heat-storage 
Computing geopotential HALL EFFECT module 
perturbations Hall-effect current sensors Apr page 103 MFS-26071 
Jun page 61 MSC-21281 for integrated circuits 

Nov page 28 NPo-17476 Microencapsulated phase-
GERMANIUM ALLOYS change mnaterials for 
Improving thermoelectric HALOGEN OCCULTATION storage of heat 
properties of (SilGe)/GaP EXPERIMENT Jul page 72 MFS-27198 
alloys Effects of pyrotechnically 
Feb page 63 NPQ-17259 generated shocks HEAT TRANSFER 

May page 76 LAR-13717 High-temperature gas-gap 
GERMANIUM DIODES thermal swkch 
Alternating-gradient HARMONIC GENERATORS Feb page 50 NPo-17163 
photodetector for far infrared Microwave comb generator 
Nov page 26 NPQ-17235 Jan page 20 NPQ-17004 Electrolytic heat switch 

Mar page 54 MFS-26074 
GlANDS (SEALS) HATCHES 
Gland with cantilever seal Hatch etHer slides through Capillary-rondenser-
Oct page 56 MFS-28328 hatch pumped heat-transfer loop 

Apr page 92 MSC-21356 Jun page 75 MFS-26046 
GLASS 
Study of phase separation in HEARING Exponential finke-difference 
glass Directional hearing aid technique 
May page 65 NPQ-16796 Apr page 34 GSC-I3027 Jul page 85 LEW-14737 

Thermal analysis of HEART VALVES Capillary-pumped heat-
reluctant glass formers Mandrels for microtextured transfer loop 
Jun page 50 MFS-28283 small-vessel Implants Sep page 64 MFS-27196 

Mar page 88 NPo-t6690 
Measuring mechanical HEAT TRANSIoISSIOH 
properties of optical glasses HEAT EXCHANGERS Removing hidden lines for 
Jul page 60 MFS-27206 Plating patches on heat- thermal analysis 

exchanger jackets Nov page 54 MSC-21401 
Making MgO/SiO, glasses Feb page 88 MFS-29345 
by the soI-ge1 process HElICOPTER CONTROL 
Aug page 50 LEW-14714 Electrolytic heat switch T errain-followinglterrain-

Mar page 54 MFS-26074 avoidance system for 
Temperature dependence of helicopters 
elastic constarrts of HEAT FlUX Jan page 30 ARC-11731 
polymers Heat flux in dual-throat 
Sep page 71 NPo-ln62 rocket engine Interface for fautt-tQlerant 

Apr page 106 MFS-28261 control system 
GlASS COATINGS Apr page 40 ARC-11791 
Glass coats for hot Isostatic Automated heat-flux-
pressing calibration faciltty HELICOPTER PERFORM-
Jun page 64 MFS-29501 Jun page 59 lEW-14724 ANCE 

Frequency-dornain modeling 
GLOBAL POSmONING Heat-flux sensor for hot of dynamics of helicopters 
SYSTEM engine cylinders Nov page 62 ARC-I2283 
I'liminating tracking-system Jul page 48 LEW-I4830 
clock errors HElICOPTER TAIL 
Feb page 67 NPQ-17098 HEAT PIPES ROTORS 

High-capacity heat-pipe Study of now about a 
Simulation of satell~e evaporator helicopter rotor 
trajectories and navigation Feb page 73 MSC-21272 Feb page 78 ARC-11790 
Mar page 67 NPQ-17442 

CaJbonIcarbon panels HElICOPTERS 
Chip advancer for GPS cooled by heat pipes Assessment 01 digital 
receiver Jul page 64 LAR-13761 control for helicopters 
Jun page 40 NPo-I6996 Jul page 41 ARC-12187 

Convergent-filament 
Counterrotator and nonmechanical pump HELICOPTER WAKES 
correiator for GPS receivers Sep page 64 NPo-I7301 Computation of flow about a 
Jun page 34 NPo-I6998 helicopter rotor 

Two-pipe heat-transfer loop Dec page 53 ARC-I2227 
Reduced-dynamic technique Sep page 94 NPQ-17404 
for determination of orbits HELIUM 
Jun page 79 NPo-I7386 Ceramic wick for capillary- Phase separators and 

pumped heat pipe fountain-effect pumps for He 
Digital signal processor for Nov page 70 GSC-13199 II 
GPS receivers Feb page 54 MFS-28243 
Sep page 36 NPo-16997 Cooling shell for electronic 

equipment HEMITlAN POlYNOMIAL 
GRAPHITE Nov page 59 LAR-I3956 Factorization of poskive 
CdO pretreatment for defime, banded hennltian 
graph~e lubricant films Fluid/gas process controller matrices 
Apr page 82 LEW-I4635 Nov page 70 LAR-13955 Oct page 73 NPo-1713O 

GRAPHS (CHARTS) Heat exchanger with HIGH ELECTRON 
Continuously-variable reservoir and controls MOBILrrY TRANSISTORS 
vernier scale Dec page 51 MSC-212951 Optically-rontrolled 
Jun page 98 LAR-1 3721 96 microwave devices and 

circuits 
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Apr page 31 LEW-14710 

HIGH PRESSURE 
Gland with cantilever seal 
Oct page 56 MFS-28328 

HIGH SPEED PHOTOGRA-
PHY 
Reducing heating in high-
speed cinematography 
Jul page 44 LEW-14798 

HIGH TEMPERATURE 
ENVIRONMENTS 
Dynamic, high-temperature, 
flexible seal 
Apr page 101 LEW-I4672 

HIGH TEMPERATURE 
FlUIDS 
Better PFAE's from direct 
fluorination 
Apr page 80 LEW-I4613 

HIGH TEMPERATURE 
GASES 
Probe samples and cools 
hot gas 
Sep page 56 LEW-I4856 

HIGH TEMPERATURE 
SUPERCONDUCTORS 
Orienting superconductive 
crystals for high current 
denstty 
May page 86 NPO-17330 

Surface hologenation of 
high-temperature 
superconductors 
May page 61 NPQ-ln12 

Making a superconductive 
thin film 
Jun page 90 MFS-26093 

Saeen-printed YBa,Cu,O, .• 
films on alumina 
Sep page 104 LEW-I4829 

HILBERT Sl'ACE 
Absolute stabiltty and 
hyperstabiltty in Hilbert 
space 
Jun page 45 NPo-17590 

HOllOW CATHODES 
Hollow-cathode source 
generates plasma 
Aug page 44 NPQ-16992 

HOLOGRAPHIC 
INTERFEROMETRY 
Fast laser holographic 
interferometJy for wind 
tunnels 
Jul page 51 ARC-II840 

Measuring airflow wnh 
digital holographic 
interferometJy 
Aug page 34 ARC-12131 

Synchronizing photography 
for high-speed-engine 
research 
Sep page 42 LEW-14713 

HOLOGRAPHY 
Reflection-zone-plate 
antenna 
Feb page 23 LAR-I3537 

Making displaced holograms 
at two wavelengths 
Apr page 68 MFS-28242 

Optical addressing and 
clocking of RAM's 
May page 32 NPo-16981 

Optical firmware 
May page 36 NPQ-16984 

HONEYCOMB STAUe-
TURES 
Ceramic honeycomb panels 
Apr page 108 ARC-l1652 

Honeycomb-fin heat sink 
Sap page 28 NPo-17198 

HOPPERS 
Energy-efficient, continuous-
now ash Iockhopper 
Jun page 83 NPQ-16985 

Reinforced honeycomb 
panels 
Nov page 75 NPo-17538 

Insulated honeycomb 
Nov page 75 NPo-I7539 

Microsandwich honeycombs 
Nov page 76 NPQ-17595 

HOT PRESSING 
Canning of powdered metal 
for hot isostatic pressing 
Feb page 87 LEW-14719 

Glass coats for hot isostatic 
pressing 
Jun page 64 MFS-29501 

HOT-WIRE ANEMOME· 
TERS 
Accuracy of hot-wire 
anemometJy in supersonic 
turbulence 
Jun page 60 ARC-11802 

Subminiature hot-wire 
probes 
Oct page 40 ARC-I2228 

HOT·WlRE FLOWMETERS 
Microtronic flow transducer 
May page 29 LEW-I4654 

HYDRAUlIC JETS 
BendabIe extension for 
abrasive-jet cleaning 
Feb page 88 MFS-29298 

Spray deflector for water-jet 
machining 
Sep page 99 LEW-I4863 

HYDRAZINES 
Ozone/ultraviolet-photo-
oxidation reactor 
Oct page 50 MSC-21488 

HYDROCARBON 
COMBUSTION 
Evolution of cenospheres 
Jan page 37 NPo-17239 

HYDROGEN 
Photovoitaic hydrogen 
sensor 
Jan page 36 NPQ-17124 

HYDROGEN EMBRrTnE· 
MENT 
Effects of aging on 
embrittlement by hydrogen 
Apr page 83 ARC-11762 

HYDROGEN OXYGEN 
FUEL CELLS 
Advanced fuel-<:ell modules 
Jun page 28 MSC-21338 

Zero-gravtty 1ueI-<:eII 
product-water accumulator 
Sep page 95 MSC-21351 

Protecting fuel cells from 
drowning 
Oct page 44 MSC-214n 

HYDROGEN SULRDE 
Metal oxide/z90lke 
combination absorbs H,S 
Apr page 81 NPo-17099 

HYDRODYNAMICS 
Hydrodynamic stabiltty and 
frames of reference 
Sep page 71 NPQ-ln40 

HYDROPlANING 
nre footprint affects 
hydroplanning on wet 
pavement 
Mar page 70 LAR-I3883 

HYDROXYL~ALS 

Study of phase separation in 
glass 
May page 65 NPo-I6796 

HYGROMETERS 
Twisted pair of insulated 
wires senses moislUre 
Jul page 30 NPo-17111 

Polymeric electrolytic 
hygrometer for harsh 
environments 
Seppage66 NPo-I7365 

HYGROSCOPICITY 
Additives lower pickup of 
moisture by poIyimides 
Apr page 80 LAR-I3679 

HYPERCUBE MUL TJ. 
PROCESSORS 
Hyperswitch network for 
hypercube computer 
Sep page 44 NPo-I6905 

HYPERSONIC AIRCRAFT 
Dynamic, high-temperature, 
flexible seal 
Apr page 101 LEW-I4672 

HYPERSONIC FlOW 
Miniature now-directionl 
pilot-static pressure probes 
Mar page 71 LAR-I3843 

Algorithm for hypersonic 
flow in chemical equilibrium 
Oct page 57 ARC-12140 

I 
IGNITERS 
Ignker Simulator 
Apr page 31 MFS-29402 

IGNITION 
Effects of turbulence on 
ignition 
Oct page 46 NPo-I7335 

IMAGE ANALYSIS 
Designing corrector optics 
Jun page 70 GSC-1312O 

IMAGE CORRELATORS 
liquid-<:rystal optical 
correlator 
Mar page 42 NPo-16750 

Making a circular-harmonic 
fitter 
Oct page 41 NPQ-17263 

Correcting distortions in 
optical correlators 
Dec page 41 NPQ-17176 

IMAGE ENHANCEMENT 
Image-enhancement aid for 
the partially sighted 
Jun page 36 NPo-I7307 

IMAGE PROCESSING 
Processing SAR Images on 
board 
Jan page 29 NPo-17195 

Gray-scale processing for 
tracking of welds 
Feb page 44 MFS-29433 

Ideal resampling of disaete 
sequences 
Jun page 100 ARC-11719 

Three-dimensional robotic 
vision system 
Jun page 43 MFS-27191 

Achromatical optical 
correlator 
Jul page 49 NPo-I7206 

Correction and use of jitter 
in television images 
Aug page 32 NPo-17499 

Muttiplying video mixer 
Aug page 22 NPo-I7332 

optical processing with 
photorefractive semiconduc
tors 
Aug page 50 NPo-I7324 
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IMAGERY IMAGING TECHNIQUES INCOMPRESSIBLE FLOW 

Making displaced hoklgrams Samara probe lor remote Numerical solution 01 
at two wavelengths imaging Nav;er-Stokes equations 

Apr page 68 MFS-28242 Feb page 42 NPO-l7390 Jan page 47 ARC-ll794 

MAGING RADAR IMPACT TESTS Analysis of straight and 
ProgteSS WI imaging radar Spring-bIade impaclles1er wavy annular seaJs 

poIanmeIJy Jun page 72 LAR-13749 Oct page 60 MFS-29584 

Dac page 37 NPO-17247 
IMPINGEMENT INDIUM ARSEHlDES 

IMAGING TECHNIQUES Detecting impacts 01 Pulsed molecular beams for 

Hybrid infrared imager particles on spacecraf1 growth of InAs on GaAs 
Jan page 23 NPO-l7218 Jul page 42 MFS-28278 Nov page 76 NPO-l7723 

Composite semicooductor IMPlANTATION Delayed shutters for duaJ-
substrates Mandrels for mlcrotextured beam molecular epi1axy 
May page 22 NPO-l7342 smaU-vessel implants Nov page 78 NPO-l7724 

Mar page 88 NPO-l6690 

IMAGING RADAR INDUCTlON HEATING 

Compression of data in IMPREGNATING Caldron for high-temperature 

Imaging radar polarimetry Apparatus Impregnates alloys 

Feb page 90 NPO-17184 weak fibers Oct page 69 LEW-14790 
May page 84 LAR-l3603 

INDUCTION MOTORS 

PuIse-popuIation modulation 
for induction machines 
Jul page 38 LEW-14669 

INDUSTRIAL PLANTS 
Modeling plants with 
moving-average ou1pUtS 
Jan page 84 MFS-27187 

INFORMATION 
MANAGEMENT 
MedicaHnformation-
management system 
May page 72 GSC-13198 

Data-<lictionary-editing 
program 
Jun page 70 MSC-21290 

INFRARED DETECTORS 
long-wavetength infrared 
detector 
Jun page 48 NPO-17543 

1 
Altemating-gradient 
photodetedor for far infrared 
Nov page 26 NPO-l7235 

INFRARED IMAGERY 
Hybrid infrared imager 
Jan page 23 NPO-17218 

Improved method lor making 
infrared Imagers 
Feb page 86 GSC-13135 

Trends in susceptibility to 
singIe-event upset 

x 
Jan page 26 NPO-17147 

Chain 01 tes1 contacts for 
integrated circuits 
Mar page 34 NPO-16784 

lntegrated.Qrcuit broacIland 
infrared sources 
Mar page 32 GSC-130B5 

Oynamic-<ange compression Tming sampler for delay 
for infrared imagery measurement 
Jun page 54 NPO-1714O Mar page 45 NPO-l6645 

INFRARED LASERS 
Stable 1.25-W CW methanol 
laser 
Apr page 22 NPO-l7346 

INFRARED RADIATION 
Infegrated-drw~ broadband 
infrared sources 

Automatic pararMttic testing 
01 integrated cirwits 
Jut page 85 NPO-16783 

Multicahmel, active Iow
pass fitters 
Jul page 20 NPO-l7290 

____________________________________________________________________ -, Marpage32 G5C-l30B5 Monolithic microwave 
switching matrix 
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ACSL 
THE SIMULATION SOFTWARE STANDARD FOR 

MODELING/ANALYZING REAL-WORLD SYSTEM DYNAMICS 

All the Power of FORTRAN 

75% Less Programming 
Interactive, Friendly 
Full Color Graphics 
Variety of Well-Tested Algorithms 
17 Platforms, Micro to Supercomputer 

ACSL ® (the Advanced Continuous Simulation 
Language) is used by thousands of scientists 
and engineers daily for studying the behavior 
of nonlinear systems_ Evolving from roots in 
the aerospace community, simulation is 
rapidly expanding across a broad spectrum of 
government, education, and industry_ Why? 
Because of the productivities gained by 
understanding systems behavior priorto 
making key decisions_ Simulation makes 
sense, and ACSL is the tool of choice by 
serious professionals. 

FEATURES 
• Fully Interactive 

• Free Format 
• Unlimited Model Size 
• Eigenvalues, Eigenvectors, and Jacobians 

• Symbolic Access to all Variables 

• Bode, Nyquist, Nichols, and Root Locus Plots 

• Discrete State Event Finder 

• Numerous Algorithms, Including Fehlberg, 
Gear's Stiff, Runge-Kulla, Fixed/Variable Step 

• Vector/Array Capabilities 

• Powerful Macro Utility 
• Links to Existing FORTRAN Routines/Libraries 

• Interfaces to MATLABTM and Other Popular 
Software Tools 
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Mitchell & Gauthier Associates (MGA) 
73 Junction Square Drive· Concord MA 01742-3096 USA 

TEL (SOB) 369-5115 • FAX (SOB) 369-0013 

Circle Reader Action No. 527 

Infrared pyrometry from 
room temperature to 700" C 
Dac page 43 LEW-l4872 

INFRARED SPECTROS
COPY 
Measurement of 
composition in transparent 
model alloy 
Apr page 72 MFS-26079 

INJECTION LOCKING 
O-sw~ch for seK-injection 
locking of laser 
Oct page 20 LAR-13772 

INKS 
Silver ink for jet printing 
Aug page 50 NPO-17153 

INSPECTION 
Tethered remote 
manipulator 
Feb page 81 MFS-28305 

Inspection in overhead 
spaces containing asbestos 
Mar page 73 M5C-21362 

Scanning photoelectron
emission inspection 
equipment 
Nov page 40 MFS-27203 

INSTRUMENT ORIENTA
TION 
Aiming instruments on the 
space station 
Oct page 46 NPO-17518 

INSULATION 
Nondestructive Inspection of 
foam and multilayer 
insulations 
Mar page 82 MFS-27199 

Applying elastomeric 
insulation Inside a round 
case 
May page 87 MSC-28286 

Adherent thermal barrier for 
combustion chamber 
Oct page 68 LEW-l4840 

Pourable foam insulation 
Oct page 52 MFS-27217 

Insulated honeycomb 
Nov page 75 NPO-17539 

Aug page 22 LEW-14813 

Healing voids in 
interconnections in 
integrated circuits 
Sep page 108 NPO-17678 

T es1 structures for bumpy 
integrated cirwits 
Sep page 20 NPO-l7393 

SEU In advanced bipolar 
integrated cirw~ 
Oct page 26 NPO-17553 

Hall-eff&et current sensors 
for integrated cirwits 
Nov page 28 NPO-17476 

Removing bonded 
integrated circuits from 
boards 
Nov page 66 NPO-17031 

INTERFERENCE DRAG 
Compression pylon reduces 
interference drag 
Jul page 70 LAR-13777 

INTERFEROMETRY 
Multiple-baseline 
interferometric synthetic
aperture radar 
Jul page 42 NPO-17416 

INTERNAL COMBUSTION 
ENGINES 
Synchronizing photography 
for high-speed-engine 
research 
Sep page 42 LEW-14713 

INTERPOlATION 
ContinUOUSly-variable 
vernier scale 
.1In page 98 LAR-13721 

INTERROGATION 
General-purpose electronic 
system tests aircraft 
.111 page 36 ARC-12148 

ION BEAMS 
Electronroon-scattering 
apparatus 
Apr page 70 NPO-16789 

Variable-energy ion beams 
for mod~ication of surfaces 
May page 88 NPO-17498 

INSULATORS Process for patteming 
Low-thermal-expansion filled dispenser-<:athode surfaces 
poIytetrafluoroethy1ene Jun page 94 NPO-17183 
Feb page 60 NPO-17189 

INTEGRATED CIRCUrrs 
Spread of charge from ion 
trad<s in integrated cirw~s 
Jan page 27 NPO-l7265 

Testing fixture for 
microwave integrated 
circuits 
Jan page 25 LEW-14746 

ION ENGINES 
Computer control for ion 
engines 
Feb page 35 NPO-l7292 

ION IMPACT 
Spread of charge from ion 
trad<s in integrated cirw~s 
Jan page 27 NPO-l7265 

ION IRRADIATION 
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1 nual ubI ct Index 
Trends in susceptibility to 
single-event upset 
Jan page 26 NPO-17147 

IRIDIUM 
Annealing increases stability 
of iridium thermocouples 
Apr page 110 LAR-13951 

ISOTHERMAL PROC
ESSES 
Isothermal equation of state 
for compressed solids 
Jun page 55 LEW-I4615 

ISOTOPE SEPARATION 
Separating isotopes with 
laser and electron beams 
Sep page 58 NPO-I6907 

ISOTOPES 
Separating isotopes with 
laser and electron beams 
Sap page 58 NPO-I6907 

J 
JACKETS 
Plating patches on heat
exchanger jackets 
Feb page 88 MF5-29345 

JACOBI MATRIX METHOD 
Inversion of Jacobian matrix 
for robotic manipulators 
Jul page 88 NPO-I7544 

JIGS 
Jig aligns shadow mask on 
ceo 
Oct page 70 NPO-17672 

JOINTS (ANATOMY) 
Compliant prosthetic or 
robotic joint 
Dec page 51 GSC-13153 

JOINTS (JUNCTIONS) 
Compact right-angle 
connector 
Mar page 86 MSC-20697 

End joint for structural 
elements 
Mar page 81 LAR-13584 

Improved vacuum-tight 
connector 
Jun page 86 LEW-14720 

Making intemal molds of 
long. curved tubes 
Sep page 111 MFS-29435 

Making jointless dual
diameter tubes 
Sep page 101 MFS-29004 

Bearing-bypass loading on 
batted composite joints 
Oct page 59 LAR-14106 

JOSEPHSON JUNCTIONS 
SQUID with integral flux 
concentrator 
Sep page 26 MF5-28282 

JOULE-THOMSON EFFECT 
Joule-Thomson expander 
without check valves 
Feb page 49 NPO-I7143 

Integrated heat sw~chIoxide 
sorption compressor 
Apr page 102 NPO-17162 

Expansion valve with 
temperature-sensitive flow 
regulation 
Sep page 86 KSC-11372 

K 
KALMAN FILTERS 
Range fi~ering for navigation 
by satell~e 
Aug page 84 ARC-12106 

L 
lAMINAR FLOW 
Measuring laminar
separation bubbles on 
airfoils 
Jul page 68 LAR-I3952 

lAMINATES 
Differential curing in fiberl 
resin laminates 
Jun page 89 MSC-21376 

Dynamic delamination 
buckiing in composite 
laminates 
Sep page 82 LEW-14745 

lAND MOBILE SATELLITE 
SERVICE 
OMSK receiver for mobile! 
satellije service 
Feb page 45 NPO-I6659 

LARGESCAlE 
INTEGRAnoN 
Chain of test contacts for 
integrated circu~ 
Mar page 34 NPO-I6784 

LASER ANEMOMETERS 
Signal preprocessor for 
laser-fringe anemometers 
Apr page 32 LEW-I4663 

Tracing rays in laser-fringe 
anemometers 
Nov page 54 LEW-14535 

LASER APPLICATION 
Laser-assisted growth of 
AlGaAs films 
May page 83 LEW-I4638 

Separating isotopes wijh 
laser and electron beams 
Sep page 58 NPO-I6907 

LASER CAVmES 
Gaussian-beam laser
resonator program 
Oct page 54 LAR-14080 

LASER DOPPLER 
VELOCIMETERS 
Diode-laser doppler 
velocimeter 
Aug page 44 MF5-26104 

LASERINTERFERO~ 
ETRY 
Fast laser holographic 
interferometry for wind 
tunnels 
Jul page 51 ARC-II840 

LASER OUTPUTS 
Speckle-suppression 
apparatus 
Sep page 54 LAR-13771 

Electronic rotator lor sheet 
of laser light 
Nov page 20 LAR-I3836 

LASER SPECTROMETERS 
Calculating response of a 
tunable-diode-Iaser 
spectrometer 
Jul page 52 NPO-17375 

LASERS 
Increasing and combining 
outputs of semiconductor 
lasers 
Apr page 30 NPO-17473 

Efficient cavity-dumped. 
frequency-<loubled Nd:YAG 
laser 
Jul page 22 NPO-17286 

Etalons help select modes 
of laser diodes 
Aug page 46 GSC-13235 

LATCK-UP 
Relationship between 
latchup and transistor 
current gain 
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Aug page 26 NPO-17561 

LEAD ACID BATTERIES 
Improved bipolar separator 
for lead/acid batteries 
Jan page 28 NPO-15241 

Biopofar battery using 
conductive-fiber compos~e 
Feb page 20 NPO-I4994 

LEAKAGE 
Double-O-ring plug for leak 
tests 
Feb page 72 MFS-28222 

LEAST SQUARES 
METHOD 
Nonlinear curve-fitting 
program 
Oct page 55 LAR-I 3999 

LENSES 
Making and inspecting large 
wire grids 
Feb page 89 GSC-13117 

Transferring lens 
prescriptions between lens
design programs 
Mar page 64 NPO-17093 

LEVITAnoN 
Dens~ometry by acoustic 
lev~ation 
Feb page 74 NPO-I6849 

Photopolymerization of 
levitated droplets 
Jan page 78 NPO-I6551 

Dig~al controller for acoustic 
lev~ation 
Mar page 44 NPO-I6623 

Simplified rotation in 
acoustic Iev~ation 
May page 85 NPO-I7086 

Determining equilibrium 
pos~ion for acoustical 
levitation 
Aug page 80 NPO-17511 

LIGHT BEAMS 
Position-and-direction 
sensor for light beams 
Mar page 24 MFS-29275 

Electronic rotator for sheet 
of laser light 
Nov page 20 LAR-I3836 

LIGHT EMITTING DIODES 
Program for a pushbutton 
display 
May page 69 LAR-I3671 

Etaions help select modes 
of laser diodes 
Aug page 46 GSC-13235 

LIGHT MODULA noN 
Photodiode-coupled light 
modulator 
Feb page 22 NPO-I6298 

Photovoltaic-driven muttiple
quantum-well modulator 
May page 48 NPO-16914 

Strain-layer-superlattice light 
modulator 
May page 51 NPO-16915 

Monolithic III-V/silicon 
spa~al light modulator 
Jun page 28 NPO-16919 

Spatial modula~on of light in 
GaAs 
Jul page 56 NPO-17228 

All-optical photochrornic 
spatial light modulators 
Nov page 44 NPO-17612 

LIGHT SCATTERING 
More on scattering from dirty 
mirrors 
Nov page 46 NPO-I7490 
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AG's new catalog 
offers full details on 
63 models of ball and 
roller slides and use

ful technical informa-
tion. Get yours today. 
Just call our toll free 
number, and we'll send 
it out by return mail. 

CALL NOW! 
1-800-922-0329. 
In New York State, 
call 1-716-544-0400. 
Fax: 716-544-0131 

I an ] AUTOMATION 
GAGES,INC_ 

Rochester, NY 14621 
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perature beat tecbaology to new 
clency, rellablllty and responsiveness. 

• Exceptional chamber temperature 
uniformity 

• 12 and 24 inch long heated chambers 
• Accepts I, 2 or 3 inch diameter process 

tubes 
• Programmable communicating 

temperature control 
• Long life, low maintenance design 

For more information, contact your local 
laboratory distributor or Lindberg / Blue M, 
304 Hart Street, Watertown, WI 53094_ Phone 
414-261-7000 • FAX 414-261-0925. 9L32C 
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Three Things 
You Shouldn't 
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 duplicates a 
Tektronix graphics terminal without 
sacrificing terminal functionality. 
Now mainframe graphics power is 
available for your PC, PS/2, Macin
tosh II, or workstation 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 3O-day evaluation copy. 

Current TGRM lL<ers 011/ us for 
infomlalion on how to upgrade to our 
latest prodllct- TGRAF4200 

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

Gralpoint and TGAAF are 1Jadematt<s of Grafpoint 
PC and PS/2 are Iradematt<s of International Business Ma
chines Corporation. Tektronix is a Iradematt< of Tektronix. 
Inc. Macinlosh is a lrademal1< of Apple Comput .... Inc. 
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UNEAR SYSTEMS 
Algorithm for opIimal control 
01 large structures 
Jun page 99 NPO-I6983 

LHNG PROCESS 
Applying eIastomeric 
insulation inside a round 
case 
May page 87 MF8-28286 

UNKAGES 
StructuraAy·tailorable. 
noninear. snap-through 
spring 
Jun page n LAR-13729 

LIQUID CRYSTALS 
Uquid-<:rys1al optical 
correfa1or 
Mar page 42 NPO-16750 

LIQUID FUELS 
Effects of turbulence on 
ignition 
Oct page 46 NPO-I7335 

Turbulence and evaporation 
in dusters of drops 
Oct page 45 NPO·17323 

LlQUIDHEUUM 
Unpressurized container for 
coyogenic testing 
Sep page 62 MF8-28347 

LIQUID OXYGEN 
Three-position cryogenic 
actuator 
Aug page 75 MFS·28265 

UQUIDS 
S1andard method for 
radiation tests of liquids 
Jun page 48 NPO-I6840 

LITHIUM SULFUR 
BATTERIES 
Advanced small 
rechargeable baneries 
Jun page 32 NPO-I7396 

LOADS (FORCES) 
Structurally·tailorable • 
nonlinear. snap-through 
spring 
Jun page n LAR-13729 

Bearing-bypass loading on 
bolted composite joints 
Oct page 59 LAR·14106 

Tool distributes damping 
load 
Nov page 64 KSC-11420 

LOCAL AREA NETWORKS 
Program for Iocal·anea· 
network electronic mail 
Dec page 47 NPO· ln45 

Using bit errors to diagnose 
fiber-optic links 
Dec page 34 NPO-17 433 

LOGIC DESIGN 
Hypersw~ch networ1< for 
hypercube computer 
Sep page 44 NPO-I6905 

LOWDEHSITY 
MATERIALS 
Microsandwich honeycombs 
Nov page 76 NPO-17595 

LOW GRAVITY 
MANUFACTURING 
Research in microgravily on 
Earth 
May page 53 LEW·I4660 

LOW PASS RLTERS 
Multichannef. active low· 
pass fitters 
Jul page 20 NPO·17290 

LOW TEMPERATURE 
Low-inductance capaci10r 
for low temperatures 
Mar page 30 LAR·13714 

LOW TEMPERATURE 

TESTS 
Unpressurized container for 
coyogenic testing 
Sep page 62 MF8-2834 7 

1 
Inversion 01 Jacobian matrix 
for robotic manipulators 
Jul page 88 NPO-17544 

Chaotic motion of a two-link 
LUBRICANTS planar mechanism 
Polymer lubrican1s for use in Aug page 58 NPO-I 7387 
vacuum 
Mar page 63 LEW·I4661 

CdO pretreatment for 
graphne lubricant films 
Apr page 82 LEW· I4635 

LUBRICA T10H 
Roller bearings survive loss 
of oil supply 
Sep page 94 LEW·14749 

M 
MACHINING 
Grinding parts for aUlornatic 
welding 
Jan page 80 MFS·29329 

Spray deflector for water-jel 
machining 
Sep page 99 LEW· I4863 
Making nozzles from hard 
materials 
Nov page 71 MSC·21299 

MAGNETIC RELDS 
Boundary·value problem for 
magnetic-cutoH rigidities 
Jul page 50 NPO-I7294 

MAGNETIC FLUX 
Magnetic·flux-compression 
cooling using superoonduc· 
tors 
May page 40 NPO-17504 

MAGNETIC MEASURE· 
MENT 
Noisless coding of 
magnetometer signals 
May page 92 NPO-I7320 

MAGNETIC TAPES 
Artificial intelligence controls 
tape-recording sequence 
Nov page 85 NPO-lnOO 

MAGNETIC TRANSDUC
ERS 
Low-power magnetic current 
sensor 
Jan page 19 NPO-I6888 

MAGNETS 
Magnetic coupling delivers 
increased torque 
Apr page 103 MSC·21171 

Hinged. magnetic holder for 
radiograph film 
Nov page 60 MFS·29366 

MAINTENANCE 
Plating patches on heat· 
exchanger jackets 
Feb page 88 MFS·29345 

Simulation of failures and 
repairs 
May page 73 LAR-13997 

MAMMALS 
Cleaning animals' cages 
with little water 
Nov page 88 MF8-28275 

MAN-coMPUTER 
INTERFACE 
XPQJGCOS·8 SYSOUT 
inteliace software 
Dec page 47 KSC-11446 

MANIPULATORS 

Compliant robot wrisl 
senses deflections and 
forces 
Feb page 78 GSC-12868 

Two-thumbed robot hand 
Feb page 82 NPQ.17274 

Improving a remote 
manipulator 
Sep page 97 MF8-27067 

Adaptive control for 
cooperative dual robot arms 
Oct page 64 NPO-I7368 

Remote-manipulator hand 
with data-processing abilily 
Nov page 62 NPO-I6648 

MAN MACHINE SYSTEMS 
Simplified linear 
multivariable control of 
robots 
Apr page 36 NPO-I6857 

MANAGEMENT 
INFORMATlON SYSTEMS 
Data-dictionary-editing 
program 
Jun page 70 MSC·21290 

MANUAL CONTROL 
Program for a pushbunon 
display 
May page 69 LAR·I3671 

Computational arch~ecture 
for control of remote 
manipulator 
Nov page 36 NPO-17401 

Effects of vibrations on 
grasp control 
Nov page 90 NPO-I 7698 

MASERS 
UItra·stable supercon
ducting·maser oscillator 
Jun page 22 NPO-17090 

MASKING 
Keeping wax liquid for 
application 
Jul page 84 MFS·29238 

MASS SPECTROMETERS 
Measuring transmission 
effICiencies of mass 
spectrometers 
Jun page 58 NPO·16989 

MATCHED FILTERS 
Synthetic estimation fitters 
for determination of position 
May page 44 MSC·21418 

MATHEMATICAL MODELS 
Building mathematical 
models of solid objects 
Mar page 68 LAR·I3803 

Frequency-domain modeling 
of dynamics of helicopters 
Nov page 62 ARC-I2283 

Gravitation-and conduction· 
driven melting in a sphere 
Nov page 45 NPO· 16758 

MATRICES (MATHEMAT
ICS) 
Factorization of positive 
definite, banded hermitian 
matrices 
Oct page 73 NPO· 1713O 

Optical matrix 'matrix 
muttiplier 
Dec page 42 NPO-17316 

MEASURING INSTRU
MENTS 
Fiber-optic sensor would 
detect movements of shaft 
Feb page 80 MF8-29382 

Measuring thermal 
conductivities of rough 
specimens 
Feb page 70 MSC-21333 

x 
Eight-channel spectrometer 
Mar page 40 MF8-29421 

FIigh1 bafance for skin
friction measurements 
Mar page 72 LAR·13710 

Circularity-measuring 
system 
Jul page 83 MF8-28313 

Survey of cooling 
techniques 
Jul page 73 NPO-I7457 

Twisted pair of insulated 
wires senses moisture 
Jul page 30 NPO-17111 

Diode-faser doppler 
velocimeter 
Aug page 44 MF8-26104 

Bonding gauges to carboni 
carbon composites 
Sep page 102 MF8-28315 

Polymeric electrolytic 
hygrometer for harsh 
environments 
Sep page 66 NPO-I7365 

Probe samples and cools 
hot gas 
Sep page 56 LEW·I4856 

Optoelectronic system 
would measure profiles of 
welds 
Nov page 80 MFS·28385 

Dynamic torque calibration 
un~ 

Dec page 56 NPO-I7509 

Muttiple-cantilever torque 
sensor 
Dec page 50 NPO-I7461 

Tensile film damps and 
mounting block for 
vlscoelaslometers 
Dec page 54 LAR·I3696 

MECHANICAL DEVICES 
Cryogenic shuner 
mechanism 
Oct page 39 GSC·13189 

MECHANICAL DRIVES 
Generation method 
imp.<oves spiral bevel gears 
Jan page 49 LEW· I4611 

Magnetic coupling delivers 
increased torque 
Apr page 103 MSC·21171 

MECHANICAL ENGINEER
ING 
Multiple-boundary-condition 
vibration tests 
Aug page 56 NPO-I7351 

MECHANICAL MEASURE
MENT 
Capacitive displacement 
sensor with frequency 
readout 
Jan page 21 LEW-14792 

MECHANICAL PROPER
TIES 
Computing viscoplastic 
behavior of a material 
May page 56 LEW·14712 

Measuring mechanical 
properties of optical glasses 
Jul page 60 MFS·27206 

MEDICINE 
Medical·information· 
management system 
May page 72 GSC-13198 

MEISSNER EFFECT 
SQUID with integral flux 
concentrator 
Sep page 26 MF8-28282 

MELTING 
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1989 Annual S bjeet Index 
Caldron for high-temperature 
alloys 
Oct page 69 LEW-14790 

Gravitation-and conduction
driven melting in a sphere 
Nov page 45 NPO-16758 

MEL TS(CRYSTAL 
GROWTH) 
Making single crystals of 
B,C 
Feb page 62 NPo-l7255 

MEMBRANES 
Mu~imembrane bioreactor 
Mar page 88 NPo-17199 

MEMORY (COMPUTERS) 
Variable-resistivity material 
for memory circuits 
Nov page 22 NPO-17425 

Memory SWitches based on 
MnO" thin films 
Dec page 28 NPO-17377 

METAL OXIDE SEMICON
DUCTORS 
Metal coat increases output 
sensitivity 
May page 26 NPo-I6963 

Making durable specimens 
for electron microscope 
Jun page 55 LEW-14755 

METAL SURFACES 
Electromechanical studies 
of aluminum coated with 
primer 
Jul page 56 MFS-271 84 

METALLIZING 
Flexible, polymer-filled 
metallic conductors 
Feb page 57 LEW-14161 

METEOROLOGICAL 
INSTRUMENTS 
Eye-safe lidar 
Sep page 60 NPO-17464 

METEREOROLOGICAL 
RADAR 
Digital Doppler processor for 
spaceborne scat1erometer 
Dec page 36 NPO-I7253 

MICROBALLOONS 
Nonaggregating 
microspheres containing 
aldehyde groups 
Mar page 60 NPO-I5459 

Making multicare, multishell 
microspheres 
Jul page 80 NPO-17203 

Microencapsulated phase
change materials for storage 
of heat 
Jul page 72 MFS-271 98 

MICROCHANNEL PLATES 
Delay-line anode for 
microchannel-plate 
spectrometer 
Mar page 24 MFS-26073 

MICROELECTRONICS 
Making submicron CoSi, 
structures on Si substrates 
Sep page 105 NPO-I7736 

MICROMECHANICS 
R-Curve instability 
calculations of crack growth 
Oct page 62 LEW-1 4841 

MICROPARTICLES 
Making polymeric 
microspheres 
Sep page 98 NPO-17023 

MICROSTRIP TRANSMIS
SION LINES 
Computing resonances of 
waveguide-to-microstrip 
transitions 
May page 22 LEW-14637 

MICROSTRUCTIJRE 
Characteristics of 
cenospheres 
Jan page 38 NPo-17236 

Research in thermoelectric 
materials 
Jul page 54 NPO-17403 

MICROWAVE ANTENNAS 
Reflection-zone-plate 
antenna 
Feb page 23 LAR-13537 

MICROWAVE CIRCUITS 
Microwave comb generator 
Jan page 20 NPO-17004 

MICROWAVE EQUIPMENT 
Testing fixture for 
microwave integrated 
circuits 
Jan page 25 LEW-14746 

Combining microwave 
functions to reduce weight of 
spacecraft 
Mar page 48 NPo-16953 

Optically-<:ontrolled 
microwave devices and 
circuits 
Apr page 31 LEW-14710 

Exciter for X-band 
transmitter and receiver 
Oct page 34 NPO-1726t 

MICROWAVE FILTERS 
Multichannel, active low
pass filters 
Jul page 20 NPO-17290 

MICROWAVE HOLOGRA
PHY 
Measuring shapes of 
reflectors by microwave 
holography 
Apr page 74 N PO-17382 

MICROWAVE RADIOME
TERS 
Algorithm estimates 
microwave water-vapor 
delay 
Aug page 38 N PO-17267 

MICROWAVE SWITCHING 
Monolithic microwave 
switching matrix 
Aug page 22 LEW-I4813 

MICROWAVES 
Planar antennas on thick 
dielectric substrates 
Dec page 26 NPo-17466 

MILLtMETER WAVES 
Improved coplanar 
waveguides 
May page 28 LEW-I4842 

Planar antennas on thick 
dielectric substrates 
Dec page 26 NPO-17466 

MINING 
Optical tracker for longwall 
coal shearer 
May page 74 MFS-25717 

MIRRORS 
Error-compensated 
telesscope 
May page 48 NPo-l6869 

Attaching precise mirrors to 
lightweight supports 
Jun page 90 NPO-17164 

More on scattering from dirty 
mirrors 
Nov page 46 N PO-17 490 

MIXtNG CIRCUITS 
Multiplying video mixer 
Aug page 22 NPO-17332 

MOBtLE COMMUNICATtON 
SYSTEMS 
Managing data from signal
propagation experiments 

NASA Tech Briefs, December 1989 

Jan page 81 NPO-17232 Apr page 105 MSC-21324 growth of InAs on GaAs model alloy 
Nov page 76 NPo-l7723 Apr page 72 MFS-26079 

Automatic frequency control MOISTIJRE METERS 
for OMSK receiver Twisted pair of insulated Delayed shutters for dual- MULTIPLEXfNG 
Feb page 47 NPO-1 7021 wires senses moisture beam molecular epitaxy Eight-<:hannel spectrometer 

Jul page 30 NPO-171 11 Nov page 78 NPo-17724 Mar page 40 MFS-29421 
MOBILITY 
Measurement of molecular Polymeric electrolytic MOLECULAR EXCtTATION Adaptive telemetry 
mobilities of polymers hygrometer for harsh Making excited oxygen multiplexer 
Apr page 74 NPO-I7216 environments molecules and atoms Sep page 38 MSC-21170 

Sap page 66 NPO-17365 Sep page 61 NPO-17534 
MODULATION Simple multiplexing hand-
Spectrum-modulaling fiber- MOLDS MONITORS held control unit 
optic sensors Making internal molds of Three-dimensional coaxial Sep page 28 NPo-I7308 
Apr page 24 LEW-14662 long, curved tubes weld monitoring 

Sep page 111 MFS-29435 Feb page 86 MFS-29373 MULTIPROCESSING 
Generalized mulliple-trellis- (COMPUTERS) 
coded modulation MOLECULAR BEAM Arc-light reflector for Experimentally with 
Aug page 86 NPo-17321 EPITAXY television weld monitoring multiprocessor simulator 

Molecular-beam epitaxy of Sep page 110 MFS-29134 concepts 
MODULES CrSi, on Si(11 t) Jun page 44 LEW-14617 
Trash-disposal module for Jun page 97 NPO-17438 MONOTECTIC ALLOYS 
Space Station Measurement of Balanced-load real-lime 

Pulsed molecular beams for composition in transparent multiprocessor system 

HI-REL 
PRODUCTS BY 

BOOK. 

Get the low-down on all our hi-reI products. 
Rad-hard, CMOS, Smart Power, GaAs, Analog, Digital. 

Call1-800-4-HARRIS, EXT. 1002. 

HARRIS 
SEM ICONOUCTO R 

HARRIS RCA SE I.TERSll 

What your vision of the future demands. Today. 
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Jul page 40 NPO-t7185 

N 
NASTRAN 
AutoCAD-to-NASTRAN 
translator program 
Jun page 70 GSC-t3217 

USing NASTRAN to analyze 
vibrations of rotor blades 
Oct page 62 LEW-14799 

NAVIER-STOKES 
EQUATION 
Numerical solution of 
Navier-Stokes equations 
Jan page 47 ARC-11794 

Algorithm for solution of 
Navier-Stokes equations 
Jun page 72 LEW-I4656 

Navier-Stokes calculations 
with deforming grid 
Jul page 66 LEW-1 4711 

Navier-Stokes simulation of 
turbine rotor/stator 
interaction 
Jul page 69 ARC-t21 85 

Upwind swirl coupling in 
Navier-Slokes calculations 
Jul page 71 MFS-29542 

NAVIGATION SA TELLfTES 
Range finering for navigation 
by satellite 
Aug page 84 ARC-12106 

NEODYMIUM LASERS 
Cladding for transversly
pumped laser rod 
Apr page 66 NPO-17355 

Efficient cavity-dumped. 
frequency-doubled Nd:YAG 

laser 
Jul page 22 NPO-I7286 

NETWORK CONTROL 
Network-control algorithm 
Seppage 116 NPO-17505 

NICKEL 
Effects of aging on 
embrittlement by hydrogen 
Apr page 83 ARC- 11762 

NICKEL ALLOYS 
Effects of solidification 
speed on fatigue properties 
Jun page 67 MFS-27215 

NICKEL PLATE 
Plating repair of nickel-alloy 
pressure vessels 
Mar page 85 MFS-29304 

NIOBIUM ALLOYS 
Design and fabricalion of 
superconductors 
May page 62 MFS-27029 

NOISE 
Effect of noise in the ideal 
state reconstructor 
Oct page 73 MFS-28382 

NONDESTRUCTIVE TESTS 
T esling fixture for 
microwave integrated 
circuits 
Jan page 25 LEW-14746 

Nondestructive inspection of 
foam and multilayer 
insulation 
Mar page 82 MFS-27199 

Thermal-wave microscope 
Mar page 56 LEW-14740 

Quality evaluation by 
acousto-ultrasonic testing of 
compos~es 
Jun page 81 LEW-14709 

Automatic parametric testing 
of Integrated circu~s 
Jul page 85 NPO-16783 

Vacuum head checks foaml 
substrale bonds 
Aug page 82 MFS-28301 

NONLINEAR EQUATIONS 
Path-following solutions 01 
non-linear equations 
May page 90 LAR-13750 

NONLINEAR OPTICS 
Oiphenylpo/yynes for 
nonlinear optical devices 
May page 60 NPO-17572 

NOZZLES 
Making noWes from hard 
materials 
Nov page 71 MSC-21299 

NUCLEATION 
Using inorganic crystals to 
grow protein crystals 
Sep page 123 NPO-17314 

NUMERICAL ANALYSIS 
Continuously-variable 
vernier scale 
Jun page 98 LAR-13721 

NUMERICAL CONTROL 
Keyboard emulation for 
computerized instrumenta
tion 
Apr page 37 LEW-14180 

NYQUfST FREQUENCIES 
Ideal resampling of discrete 
sequences 
Jun page 100 ARC-11719 

OCEAN COLOR SCANNER 
Measuring photoplankton 
from satellites 
Sep page 124 NPO-17608 

performance and a wide pressure range 
one small transducer, Model 2211 from Teledyne 

taber. 
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 

o 
OPTICAL COMPUTERS 
Integrated semiconductor/ 
opucal informabOn 
processors 
Oct page 22 NPO-I7533 

All-optocal photochrornic 
spatial light modulators 
Nov page 44 NPO-17612 

OPTICAL CORRECTION 
PROCEDURE 
Designing corrector optics 
Jun page 70 GSC-13120 

OPTICAL COMMUNICA
TION 
Design and analysis of 
optical communication Ionks 
Jan page 31 NPO-17017 

Optocal receivers with rough 
reflectors 
Mar page 43 NPO-I6664 

Four -mode squeezing for 
optical communications 
Jul page 44 NPO-17170 

Pulse-posItIon modulation 
for optICal communICation 
Dec page 39 NPO-17506 

OPTICAL DATA 
PROCESSING 
Optical matrix 'matrix 
mun,plier 
Dec page 42 NPO-17316 

OPTICAL DATA 
PROCESSING 
Achromatical optical 
correlator 
Jul page 49 NPO-17206 

OPTICAL EQUIPMENT 

1 
Spectrograph measures 
contamination of optocal 
elements 
Mar page 58 MFS-26076 

Oiphenylpolyynes for 
nonlinear optical devices 
May page 60 NPO-17572 

Attaching precise mirrors to 
lightweight supports 
Jun page 90 NPO-17164 

OPTICAL FIBERS 
Speckle-suppression 
apparatus 
Sep page 54 LAR-1 3nl 

OPTICAL ALTERS 
Synthetic estimation finers 
for determInation of position 
May page 44 MSC-21418 

Making a circular-harmonic 
filter 
Oct page 41 NPO-17263 

OPTICAL MEASURING 
INSTRUMENTS 
Optical measurement of 
sound pressure 
Sep page 50 NPO-17565 

OPTICAL MEMORY (DATA 
STORAGE) 
Optical firmware 
May page 36 NPO-I6984 

OPTICAL RADAR 
Eye-safe lidar 
Sep page 60 N PO-17 464 

OPTICAL SWITCHING 
O-sw~ch for sen-injection 
locking of laser 
Oct page 20 LAR-13772 

OPTICAL TRACKING 
Optical tracker for longwall 
coal shearer 

uuu ... "tI x 
May page 74 MF5-25717 

OPTIMAL CONTROL 
Algorithm for optimal control 
01 large structures 
Jun page 99 NPO-16983 

OPTIMIZATION 
Computing opbmal multiarc 
trajectories 
Aug page 54 MSC-21112 

Variable-metric algorithm for 
constrained optimizabOn 
Sep page 78 MSC-21275 

OPTOELECTRONIC 
DEVICES 
Optoelectronic system 
would measure profiles of 
welds 
Nov page 80 MFS-28385 

Two-frequency electrO-optlC 
gas-conelatlOO spectrometer 
Dec page 40 NPO-I7638 

ORBIT CALCULATION 
ArtHicial-satellite-analysis 
program 
Jan page 46 NPO-17522 

ORBIT PERTURBATION 
Computing geopotential 
perturbations 
Jun page 61 MSC-21281 

ORBITAL POSm ON 
ESTIMATION 
Reduced-dynamic technique 
for determination of orbits 
Jun page 79 NPO-17386 

ORBITS 
Calculating trajectories and 
orbits 
Sep page 76 NPO-I7201 

ORGANIC MATERIALS 
SImple test for organIC 

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_ 

For more information on Model 2211 and the 
complete line of pressure transducers, contact us 
today! 

~~TELEDYNE TABER 

88 

455 Bryant Street, N_ Tonawanda, NY 14120 
716 /694-4000, TWX: 710/264-1264, Telecopier: 716/ 694-1 450 
Call Toll Free 1-800-333-5300 
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material in gas 
Dec page 45 NPO-17540 

ORGANIC SEMICONDUC
TORS 
Variable-resistivity material 
for memory circuits 
Nov page 22 NPO-17425 

O-RING SEALS 
Making reliable large
diameter O-rings 
Oct page 67 MFS-28371 

OSCILLATION DAMPERS 
Damper of small vibrations 
Apr page 96 MFS-28244 

OSCILLATORS 
Ultra-stable superconducting
maser oscillator 
Jun page 22 NPO-17090 

Reflection oscillators 
containing series·resonant 
crystals 
Aug page 20 GSC-13173 

OSMOSIS 
Polymer coatings reduce 
electro-osmosis 
Feb page 62 MFS-26050 

OUTGASSING 
Ultraclean radiant furnace 
Mar page 81 MFS-26070 

OVERVOLTAGE 
Output-isolation and 
protection circuit 
Apr page 26 ARC-11834 

OXAUCACID 
Acid test for annealing of 
welds 
Nov page 74 MFS-29598 

OXIDE FILMS 
Variable-energy ion beams 
for modification of surfaces 
May page 88 N PO-17 498 

OXYGEN ATOMS 
Oxidation of reflectors 
through pinholes in coatings 
Jan page 38 LEW-14649 

Plasma/neutral-beam etching 
apparatus 
May page 83 M FS-26068 

Making excited oxygen 
molecules and atoms 
Sep page 61 NPO-17534 

OXYGEN FLUORIDES 
Pilol plant makes oxygen 
difluorides 
May page 62 N PO-1734 7 

OZONE 
Ozone/ultraviolet-photo
oxidation reaclor 
Oct page 50 MSC-21488 

p 
PANELS 
Reinforced honeycomb 
panels 
Nov page 74 NPO-17538 

PARABOLAS 
Mechanical device traces 
parabolas 
Oct page 57 MSC-21421 

PARABOLIC ANTENNAS 
Paraboloidal anlenna 
radiates fan or pencil beams 
Sep page 24 NPO-17503 

PARABOLIC BODIES 
Tracing rays in a solar power 
system 
Oct page 53 lEW-14778 

PARABOLIC REFLECTORS 
Measuring shapes of 
reflectors by microwave 

holography 
Apr page 74 NPO-17382 

PARALLEL PROCESSING 
Hypercube-compuler 
analysis 01 electromagnetic 
scattering 
Seppage49 NPO-17551 

PARALLEL PROCESSING 
(COMPUTERS) 
Scheduling tasks in parallel 
processing 
Jan page 81 NPO-I7219 

Experimenting with 
muhiprocessor simulator 
concepts 
Jun page 44 lEW-I4617 

OptK:a1 matrix-matrix 
mUhiplier 
Dec page 42 NPO-17316 

ParlJtlOOIng and packing 
equatIons lor parallel 
processIng 
Decpage60 lEW·14634 

PARTIAL DIFFERENTIAL 
EQUATIONS 
Exponential finite-difference 
technique 
Jul page 85 lEW-14737 

PERCEPTION 
Paradigm for statistical 
analYSis of threshold 
detection 
Feb page 92 NPO-I7529 

PERFLUORO COM
POUNDS 
Better PFAE's from direct 
fluorination 
Apr page 80 lEW-14613 

PHASE CHANGE 
MATERIALS 
Phase-change heat-storage 
module 
Apr page 103 MFS-26071 

Microencapsulated phase
change materials for storage 
of heat 
Jul page 72 MFS-27198 

PHASE DIAGRAMS 
Apparatus makes precisely 
saturated solutions 
May page 42 MFS-28280 

PHASE LOCKED 
SYSTEMS 
Improving estimates of 
phase parameters when 
amplitude flucluates 
Nov page 38 NPO-17560 

PHASE SHIFT KEYING 
OMSK receiver for mobile/ 
satellite service 
Feb page 45 NPO-16659 

Fast correction lor Doppler in 
MDPSK signals 
May page 34 NPO-16987 

Generalized multiple-trellis
coded modulation 
Aug page 86 NPO-17321 

Digital 8-DPSK modem for 
trellis-coded communication 
Sep page 47 NPO-17578 

PHENOLIC RESINS 
Degradation of carboni 
phenolic composites by 
NaOH 
Apr page 82 MFS-27099 

PHOTOCHEMICAL 
REACTIONS 
Photochemistry of 2,5-
diaclyl-l ,4-dlmethylben
zenes 
Dec page 46 lEW-14708 

PHOTOCHROMISM 
All -optical photochromic 
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spatial light modulators 
Nov page 44 N PO-
17612 

Pholovoltaic-driven multiple
quantum-well modulator 
May page 48 NPO-16914 

Metal film increases CCD 
quantum efficiency 
Apr page 24 NPO-I8815 

solar-cell program 
Jan page 44 NPO-t 7126 

PHOTOCONDUCTIVITY 
Optically-controlled 
microwave devices and 
circuils 

Monolithic III-V/silicon 
spatial light modulator 

Composite semiconduclor 
substrates 

Photovoltaic generation of 
power by utilities 
Jan page 32 NPO-17091 

Jun page 28 NPO-16919 

Apr page 31 lEW-

May page 22 NPO-17342 
Photovoltaic hydrogen 
sensor 

14710 
PHOTOELECTRON 
SPECTROSCOPY 
Scanning photoelectron
emission inspection 
equipment 

Metal coat increases output 
sensitivity Jan page 38 NPO-1 7124 
May page 26 NPO- t 6963 

PHOTODECOMPOSITION 
Accelerated testing of 
photothermal degradation 
of polymers 

PHOTOOXIDA TION 
Ozone/ullraviolet-photo
oxidation reaclor 

Hotspot endurance of solar
cell modules 

Nov page 40 MFS-27203 Jul page 28 NPO-17305 

Sep page 72 N PO· 
17454 

Oct page 50 MSC-21488 PHYSIOLOGY 
Biomedical telectrodes 

PHOTOGRAMMETRY 
Digital video measurements 
of wing deflections in a wind 
tunnel 

PHOTOVOL TAlC CELLS 
Endurance tests of 
amorphous-silicon 
photovoltaic modules 

Nov page 22 MSC-21501 
PHOTODIODES 
Photodiode-coupled light 
modulator 
Feb page 22 N PO-

Oct page 32 LAR-13917 

PHOTOMETERS Jan page 28 NPO-17304 

PHYTOPLANKTON 
Measuring phytoplankton 
from satellites 

16298 Hybrid infrared imager Sep page 124 NPO-17608 
Jan page 23 NPO-17218 Comprehensive silicon-

Accuracv plus the 
longest scan length! 

From optics, hard disks and machined surfaces 
to papers, films, coatings and mag tape, the 
MP2000 provides fast, accurate surface meas
urements for scan lengths up to 100 millimeters 
in less than a minute. 

Greater Productivity 
and Throughput 
No other profiler can offer 
you the resolution and scan 
length of the MP2000. Faster 
scanning capability means 
the time saved acquiring 
data can be better spent 
analyzing the results and 
refining your process. 

Lower Set-up Costs 
and Versatile Operating 
Environments 
The non-contact, highly 
repeatable measuring tech
nique means you never have 
to worry about surface 
damage. The patented split 
beam interferometry tech
nology is insensitive to 
vibration and requires no 
special environmental iso
lation, removing the need for 
constant recalibration , 

Special Options for 
Special AppUcations 
The modular architecture of 
the MP2000 means you can 
add the performance your 
needs require. Our new high 
resolution encoder with auto
focus automatically provides 
total profile analysis and the 
microroughness of curved 
or high definition surfaces. 
The 3D enhancement option 
allows you to rapidly identify 
the location and extent of 
surface features over the full 
scan dimensions of 1" x 4". 

Surface Profile Analysis 
at the Touch of a Button 
Your MP2000 is supplied 
with powerful, user-friendly 
software which automatically 
displays Aa, Ams and Peak
to-Valley results. Extended 
insights for longer wavelength 
features and process charac
teristics are provided by a 
menu of statistical functions 
such as Power Spectrum, 
Autocorrelation, Bearing Area 
Curve and Amplitude Distri
bution Histogram. 

Free Sample Evaluation 
Call Chapman Instruments 
today and arrange to send 
us your samples for free 
evaluation. 

50 Saginaw Dr. • Rochester, NY 14623 • (716) 461·1950 • FAX: (716) 461-0517 

Chapman Instruments 
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Intelligent 
Data 

Acquisition 

DAP UOO'" 

Data Acquisition Processor™ 
for mM PC/XT 1 AT 1386 

Microstar's DApT>! manages the entire 
data acquisition and control interface 
inside a PC. Onboard intelligence in 
the DAP speeds development and 
increases performance. 

• Onboard intelligence: 80186 
coprocessor 

• Acquires analog and digital inputs 
to 156,000 samples/seconds 

• Buffers and processes input data 
• More than 100 commands without 

programming 
• Commands include : Average , 

Scale, Peak Detection , Logic, 
Integration, Differentiation , 
Thermocou pIe Linearization, 
Closed Loop Control (PID), Event 
Detection, Auto-Range, Waveform 
Generation 

• FFT and FIR filtering without 
programming 

• Custom commands may be written 
inC 

DAP 2400TII also includes: 

• 10 MHz or 16 MHz 80C186 
• 20 MHz DSP5600 1 for 10 MIPS 

digital signal processing 
• Acquires analog and digital inputs 

to 235 ,000 samples/seconds 
• Updates analog or digital outputs to 

250,000 values/seconds 
• Performs 1,024 point complex FFT 

in under 10 milliseconds 
• Executes FIR fUters in less than 200 

nanoseconds per tap 

Call for FREE Demo Diskette 

MCROSTAR 

LABORATORIES'" j 
(206) 881-4286 
2863 152 Ave. N.E. 
Redmond, WA 98052 
Fax (206) 881-5494 
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I PIEZOELECTRICITY 
Piezoelectrostatic generator 
0cI page 24 MFS-28298 

PIEZOELECTRIC 
TRANSDUCERS 
Review 01 fiber-optic 
electric·fl8ld sensors 
Apr page 76 NP()"17242 

PILOT PLANTS 
Pilot plant makes oxygen 
difluorides 
May page 62 NP()"17347 

PILOT PERFORMANCE 
Pilot delays for three cockpit 
controllers 
Jun page 47 ARC-11797 

PIPES(TUBES) 
Borescope inspects with 
visible or ultraviolet light 
Feb page 75 MFS-29369 

Robot hand grips cylinders 
securely 
Jun page 82 MSC-21365 

Making intemal molds of 
long, curved tubes 
Sep page 111 MFS-29435 

Making jointless dual· 
diameler tubes 
Sep page 101 MFS-29004 

PISTONS 
Sensing the pos~ion of a 
piston in a cylinder 
Apr page 90 NP()"16956 

PITOTTUBES 
Miniature flow·directlon! 
p~ot·static pressure probes 
Mar page 71 LAR-I3643 

PLANETARY MAPPING 
Artificial·satellite·analysis 
program 
Jan page 46 NPO-17522 

PLASMA ARC WELDING 
Identification of anomalies 
in welds 
Feb page 50 MFS-28285 

Variable-polar~y plasma arc 
welding of alloy 2219 
Sep page 113 MFS-27223 

Mu~lhole arc·welding orifice 
Nov page 73 MFS-28322 

Shutter for VPPA·welding 
vision system 
Nov page 72 MFS-28267 

PLASMA GENERATORS 
Hollow·cathode source 
generates plasma 
Aug page 44 NPO-16992 

PLASTIC COATINGS 
Low-dielectric polyimides 
Jan page 41 LAR-13769 

Polymer coatings reduce 
electro·osmosis 
Feb page 62 MFS-26050 

PLASTIC PROPERTIES 
Computing viscoplastic 
behavior of a material 
May page 56 LEW-14712 

PLASTICS 
Mu~iple·purpose rigid foam 
Insulalion 
Mar page 62 MFS-28264 

PLATING 
Plating repair of nickel·alloy 
pressure vessels 
Mar page 85 MFS-29304 

PLATINUM 
Making a noble·metal-on· 
metal·oxide catalyst 
Nov page 52 LAR-13741 

PLATINUM ALLOYS 

Choosing compositions of 
electrocatalysts 
Aug page 38 NP()"17167 

PLUGS 
Double-()..ring plug for leak 
tests 
Feb page 72 MFS-28222 

Plug would collimate x rays 
Feb page 77 MFS·29343 

POLARIMETRY 
Compression of data in 
imaging radar polarimetry 
Feb page 90 NP()..17184 

Radar polarimeter measures 
orientations of retroreflectors 
Jul page 37 NPQ..17231 

Progress in Imaging radar 
polarimetry 
Dec page 37 NP()"ln47 

POLARIZATION (WAVES) 
Advanced components for 
fiber -optical systems 
Feb page 33 NP()"17080 

POLARIZERS 
Making and inspecting large 
wire grids 
Feb page 89 GSC-13117 

POLISHING 
Enclosed cuttlng·and· 
polishing apparatus 
Dec page 58 MFS-28393 

POLYMERIC ALMS 
Tensile film damps and 
mounting block for 
viacoelastometers 
Dec page 54 LAR· I3696 

POLYMERS 
Accelerated testing of 
pholothermal degradation of 
polymers 
Sep page 72 NPO-17454 

ESR measurement of 
crystallin~ in semicrys· 
talline polymers 
Sep page 50 N PO-17369 

Making polymeric 
microspheres 
Sep page 98 N PO-17023 

Temperature dependence of 
elastic constants of 
polymers 
Sep page 71 NPO-I7762 

POL YIMIDE RESINS 
Acetylene-terminated 
aspartimides and derived 
resins 
Jan page 40 LAR-13730 

POLYIMIDES 
Low-dielectric polyimides 
Jan page 41 LAR· t 3769 

Soluble aromalic polyimides 
for film coating 
Feb page 56 LAR-137oo 

Polymer lubricants for use in 
vacuum 
Mar page 63 LEW-I4661 

Additives lower pickup of 
moisture by polyimides 
Apr page 80 LAR-13679 

POLYMER MATRIX 
COMPOSITES 
Ultrasonic detection of 
transply cracks in 
composijes 
Mar page 74 LEW-147oo 

POL YMERIZA noN 
Photopolymerization of 
lev~ated droplets 
Jan page 78 NP()"16551 

POLYMERS 
Measurement of molecular 

1 BADoua 
mobil~eis of polymers 
Apr page 74 NP()..17216 

Heated rack for weathering 
test 
May page 48 NP()"17524 

POLYTETRAFLUORO~ 

YLENE 
Low·thermal-expansion filled 
polytetrafluoroethyfene 
Feb page 60 NPO-17189 

POLYURETHANE FOAM 

Vacuum head checks foaml 
substrate bonds 
Aug page 82 MFS-28301 

PORTABLE EQUIPMENT 
Portable pull tester 
May page 81 MFS-28302 

POSmON SENSING 
Sensing the position of a 
piston in a cylinder 
Apr page 90 NPO-16956 

Synthetic estimation Mers 
for determination of position 
May page 44 MSC-21418 

Rapidly·indexing 
incremental·angle encoder 
Aug page 34 GSC-13154 

POSITIONING DEVICES 
(MACHINERy) 
Programmable positioner for 
spot welding 
May page 82 LEW-14622 

Jig aligns shadow mask on 
CCO 
0cI page 70 NPO-17672 

POTENTIOMETERS 
(RESISTORS) 
N·bit binary resistor 
Nov page 29 LAR-13709 

POURING 
Making a precisely level 
floor 
Jul page 78 MFS-28306 

POWDER METALLURGY 
Canning of powdered metal 
for hot isostalic preSSing 
Feb page 87 LEW-1 4719 

POWER SUPPLIES 
Prolection against brief 
interruplion of power 
Mar page 35 NPO-I6768 

POWER SUPPLY 
CIRCUITS 
Power·supply-conditionlng 
circuit 
Jan page 22 NPO-17233 

Synchronous haH·wave 
rectifier 
Jul page 24 NPO-17220 

PREDICTIONS 
Predictive attitude 
maintenance for a space 
station 
Sap page 93 MSC-21216 

PRESSING (FORMING) 
Canning of powdered metal 
for hot isostatic pressing 
Feb page 87 LEW-14719 

PRESSURE SENSORS 
Miniature flow·direction! 
pitot·static pressure probes 
Mar page 71 LAR-13643 

PRESSURE VESSELS 
Plating repair of nickel·alloy 
pressure vessels 
Mar page 85 MFS-29304 

PRESSURE SWITCHES 
Sensing the pos~ion of a 
piston in a cylinder 
Apr page 90 NPO-16956 

I clln ex 
PRESSURE VESSELS 
Hatch cover slides through 
hatch 
Apr page 92 MSC-21356 

PRINTED RESISTORS 
N·bit binary resislor 
Nov page 29 LAR-13709 

PRINTING 
Silver ink for jet printing 
Aug page 50 NP()..17153 

PROBABILITY DISTRIBU· 
TION FUNCTIONS 
Calculating cumulative 
binomial-dislribution 
probabilities 
May page 69 NPQ..17555 

Common·reliabil~ 
cumulative-binomial 
program 
May page 70 NP()"17557 

System ·reliabil~y 
cumulative·blnomial 
program 
May page 70 NP()"17556 

PROCESS CONTROL 
(INDUSTRY) 
Fluid/gas process controller 
Nov page 70 LAR-13955 

PRODUCTION ENGINEER· 
ING 
Unified engineering software 
system 
Feb page 64 GSC-I2900 

PROGRAMMING 
LANGUAGES 
C language integrated 
production system 
May page 73 MSC-21208 

C language integrated 
production system 
Nov page 56 MSC-21208 

PROPELLER FANS 
Predicting flutter of a 
propfan 
Jul page 74 LEW· 14659 

PROPULSION 
Compuler control for ion 
engines 
Feb page 35 N PO-17292 

Combining microwave 
functions to reduce weight 
of spacecraft 
Mar page 48 NPO-16953 

PROSTHETIC DEVICES 
Compliant prosthetic or 
robotic joint 
Dec page 51 GSC-13153 

PROTECTIVE COATINGS 
Glass coats for hot isostatic 
pressing 
Jun page 64 MFS-29501 

Electrochemical studies of 
aluminum coated w~h 
primer 
Jul page 56 MFS-271 84 

PROTEINS 
Compact apparatus grows 
protein crystals 
Sap page 100 MFS-26088 

Surrogate seeds for growth 
of crystals 
Sap page 73 NPO-17339 

Using inorganic crystals to 
grow protein crystals 
Sep page 123 NPO-17314 

PROTOCOL (COMPUT
ERS) 
Some protocols for oplical· 
fiber digital communications 
Jun page 98 NPO-17333 

PROTOTYPES 
Unified engineering software 
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system 
Feb page 64 GSC-I2900 

PULUNG 
Portable pull tester 
May page 81 MFS-28302 

PULSE COMMUNICATION 
Fast asynchronous data 
communication via fiber 
optics 
Apr page 38 NPO-16972 

Some protocols for optical
fiber digital communications 
Jun page 98 NPO-17333 

USing bit errors to diagnose 
fiber-optic links 
Dec page 34 NPO-17433 

PULSE DOPPLER RADAR 
Measuring winds with 
pulsed C-band radar 
Oct page 28 KSC-11415 

PULSE MODULATION 
Pulse-population modulation 
for induction machines 
Jul page 38 LEW-14669 

PULSE POSITION 
MODULATION 
Pulse-poSition modulatIOn 
for optical communication 
Dec page 39 NPO-17506 

PUMPS 
Phase separators and 
fountain-effect pumps for He 
II 
Feb page 54 MFS-28243 

Correlation analysis of 
vibration data from rotary 
pumps 
Mar page 79 MFS-29401 

Capillary-pumped heat
transfer loop 
Sep page 84 MFS-27196 

Convergent-filament 
nonmechanical pump 
Sep page 64 NPO-17301 

PYLONS 
Compression pylon reduces 
Interference drag 
Jul page 70 LAR-13777 

PYROLYSIS 
Fluidized-bed reactor with 
zone heating 
Jun page 96 NPO-17470 

PYROMETERS 
High-resolution, two
wavelength pyrometer 
Sep page 68 NPO-17287 

Infrared pyrometry from 
room temperature to 700 C 
Dec page 43 LEW-l4872 

PYROTECHNfCS 
Effects of pyrotechnically 
generated shocks 
May page 76 LAR-13717 

Cleanly burning squib 
Jun page 72 NPO-171 t 2 

Q 
Q-SWITCHED LASERS 
Q-switch for se"-injection 
locking of laser 
Oct page 20 LAR-13772 

QUANTUM WELLS 
Long-wavelength infrared 
detector 
May page 48 NPO-17543 

Photovoltaic-driven mu~iple
quantum-well modulator 
May page 48 NPO-16914 

Long-wavelength infrared 

detector 
Jun page 48 NPO-17543 

R 
RADAR 
Radar polarimeter measures 
orientations of retroreflectors 
Jul page 37 NPO-17231 

RADAR IMAGERY 
Progress in imaging radar 
polanmetary 
Dec page 37 NPO-17247 

RADIANT HEATING 
Ultraclean radiant fumace 
healing 
Mar page 81 MFS-26070 

RADIATION COUNTERS 
Measuring transmission 
effICiencies 01 mass 
spectrometers 
Jun page 58 NPO-16989 

RADIATION DAMAGE 
Stabilizing semiconductor 
devices whh hydrogen 
Jun page 30 NPO-17187 

Radiation damage in 
advanced bipolar transistors 
Sep page 32 NPO-17570 

RADIATION EFFECTS 
Asymmetrical SRAM cells 
for radiation lests 
Jun page 26 NPO-l6890 

Standard melhod for 
radiation tests of liquids 
Jun page 48 NPO-l6640 

RADIATION PYROMETERS 
High-resolution, two
wavelength pyrometer 
Sep page 68 NPO-17287 

RADIATION SOURCES 
Integrated-circuit broadband 
infrared sources 
Mar page 32 GSC-t 3085 

RADIATIVE HEAT 
TRANSFER 
Venting gases with 
minimum loss of heat 
Feb page 70 GSC-13133 

RADIO ANTENNAS 
Measuring shapes of 
reflectors by microwave 
holography 
Apr page 74 NPO-17382 

RADIO COMMUNICATION 
Digital 8-0PSK modem for 
trellis-<:Oded communication 
Sep page 47 NPO-17578 

RADIOGRAPHY 
Hinged, magnetic holder for 
radiographic film 
Nov page 60 MFS-29366 

RADIO RECEIVERS 
OMSK receiver for mobile! 
satellhe service 
Feb page 45 NPO-16659 

Hybrid analog/digital 
receiver 
Aug page 28 NPO-17262 

RADIO TRACKING 
T ranging re\llslted 
Dec page 38 NPO-t7413 

RAINDROPS 
Simulator of rain in llowing 
air 
Sap page 96 NPO-17237 

RANDOM ACCESS 
MEMORY 
Optical addressing and 
clocking of RAM's 
May page 32 NPO-16981 
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Asymmetrical SRAM cells 
for radiation tests 
Jun page 26 NPO-I6890 

Internal correctIOn of errors 
Ina DRAM 
Dec page 30 NPO-t 7406 

RANGEFINDING 
Range finering for navigation 
by satellite 
Aug page 84 ARC- t 21 06 

T ranging revlsrted 
Dec page 38 NPO-17413 

RATS 
Cleaning animals' cages 
with linle water 
Nov page 88 MFS-28275 

RAYLIEIGH SCATIERING 
Laser rayleigh-scanering 
during space shuttle 
Aug page 48 ARC-l t 841 

READ-ONLY MEMORY 
DEVICES 
Variable-resistivity material 
for memory circuits 
Nov page 22 NPO- t7425 

REAL TIME OPERATION 
Balanced-load real-time 
muHiprocessor system 
Jul page 40 NPO-17185 

RECEIVERS 
Automatic frequency control 
for OMSK receiver 
Feb page 47 NPO-17021 

Op1ical receivers with rough 
rellectors 
Mar page 43 N P0-16664 

Chip advancer for GPS 
receiver 
Jun page 40 N P0-16996 

RECTIFIERS 
Synchronous half-wave 
rectifier 
Jul page 24 NPO-17220 

REDUCED GRAVITY 
Surface tension confines 
cryogenic lIuids 
Apr page 88 GSC-13112 

Research in microgravity on 
Earth 
May page 53 LEW-14660 

Airplane-acceleration 
display for low-gravity 
research 
Jun page 38 LEW-14650 

Compact apparatus grows 
protein crystals 
Sep page 100 MFS-26088 

Enclosed cut1Jng-and
polishing appara1us 
Dec page 58 MFS-28393 

REFLECTING TELE
SCOPES 
Error-compensated 
telescope 
May page 48 NPO-16869 

REFLECTORS 
Oxidation of rellectors 
through pinholes in coatings 
Jan page 38 LEW-14649 

Jacobi-Bessel analysis of 
anlennas with elliptical 
apertures 
Feb page 30 NPO-16967 

Optical receivers with rough 
rellectors 
Mar page 43 NPO-16664 

Adjus11ng surfaces of large 
antenna rellectors 
Jul page 34 LAR-13851 

REFRACTIVITY 

.:gM)OIe from over 150 CAMAC modules including 
AID and D/A converters, high-speed transient 

recorders, counters, digital 1/0, and both ARINC-429 
and MIL-STD-1558 interfaces. Transfer data at three 
megabytes/second over a fiber optic highway to 
distances of 10,000 feet between 110 locations. Use our 
new Taehion-JTII 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, BelJ Labs, Westinghouse, General 
Motors, and NASA_ 

Call us now to discuss your application needs. 

neticSy-~.:a ..... Cit 

'''' Cooperalive 
Marketing 
Program 

• 

11 Maryknoll Drive, Lockport, Illinois 60441 
(815) 838 0005 
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Dynruntc-range compression 
for Infrared imagery 
Jun page 54 NPO-171 4O 

REFRACTORY 
MATERfALS 
Alumln-enhanced thermal 
barrier 
Apr page 78 ARC-12135 

REGENERATIVE COOLING 
Transpiration and 
regenerative cooling of 
rocket engine 
Aug page 75 MFS-28251 

REGENERATORS 
Carbon sorption cryogenic 
regenerator 
Feb page 52 NPo-17291 

REINFORCEMENT 
(STRUCTIJRES) 
Reinforced honeycomb 
panels 
Nov page 75 NPO-17538 

REINFORCING FfBERS 
Improving silicon carbidel 
silicon nitride 
May page 64 MFS-27101 

RELIABILITY ANALYSIS 
Calculating cumulative 
binomial-distribution 
probabilities 
May page 69 NPO-17555 

Common-reliability 
cumulative-binomial 
program 
May page 70 NPO-17557 

System-reliability 
cumulative-binomial 
program 
May page 70 NPO-17556 

RELIEF VALVES 
Three-position cryogenic 

actuator 
Aug page 75 MFS-28265 

REMOTE HANDLING 
Forcellorque display for 
telerobotoc systems 
Aug page 30 LAR-13727 

Effects of vibrations on 
grasp control 
Nov page 90 NPO-17698 

Remote-manipulator hand 
with data-processing ability 
Nov page 62 NPO-I6648 

REMOTE MANIPULATOR 
Adaptive control of remote 
manipulator 
Mar page 38 NPO-1 6922 

REMOTE MANIPULATOR 
SYSTEMS 
Tethered remote 
manipulator 
Feb page 81 MFS-28305 

Video alignment system for 
remote manipulator 
Feb page 44 MFC-21372 

Self-aligning robotic end 
effector and receptacle 
Mar page 80 GSC-1 3152 

Robot hand grips cylinders 
securely 
Jun page 82 MSC-21365 

Inversion of Jacobian matrix 
for robotic manipulators 
Jul page 88 NPO-17544 

Chaotic motion of a two-link 
planar mechanism 
Aug page 58 NPO-17387 

Depth perception in remote 
stereoscopic viewing 
systems 

Aug page 88 NPo-171 18 

ImprOVIng a remote 
manipulator 
Sep page 97 MFS-27067 

Compulational architecture 
for control of remote 
manipulator 
Nov page 38 NPO-17401 

Decentralized adaptive 
control for robots 
Nov page 30 NPo-17542 

REMOTE SENSING 
Processing SAR images on 
board 
Jan page 29 NPO-17195 

Samara probe for remote 
imaging 
Feb page 42 NPO-17390 

Phase-modulation gas
correlation and spectros
copy 
Mar page 52 NPO-17013 

REMOTE SENSORS 
Spectrum-modulating fiber
optic sensors 
Apr page 24 LEW-14662 

Robotic vision would 
combine optics and 
microwaves 
Sep page 46 MSC-21334 

REStDUAL STRENGTH 
Constructing R-curves from 
residual-strength data 
Feb page 75 LEW-14592 

RESIDUAL STRESS 
Piecewise-linear 
computation of creep 
Sep page 80 ARC-121 42 

RESIN MATRIX 

198 Annual SubJect I ex 
COMPOSITES Mar page 48 NPO- t 7062 Self-aligning robotic end 
PMR resin composotions for 
hogh temperatures 
Jul page 56 LEW-1 4658 

The ACEE program and 
basic research on 
composites 
Sep page 74 LAR-I 4028 

REStNS 
Acetylene-terminated 
aspartimides and derived 
resins 
Jan page 40 LAR-1 3730 

RESISTANCE HEATING 
Removing bonded 
integrated circuits from 
boards 
Nov page 66 NPO-1 7031 

RESISTORS 
N-bit binary resistor 
Nov page 29 LAR-13709 

RESONANT FREQUEN
CIES 
Computing resonances of 
waveguide-to-microstrip 
transitions 
May page 22 LEW-1 4637 

RETROREFLECTORS 
Radar polarimeter measures 
orientations of retrorefJectors 
Jul page 37 NPO-I7231 

RIBBONS 
Baffles promote wider, 
thinner silicon ribbons 
Aug page 78 NPO-17168 

Reduction of stresses in 
growing silicon webs 
Aug page 30 NPO-17137 

ROBOTICS 
Discrete-time model
reference adaptive control 

Position-and-direction 
sensor for light beams 
Mar page 24 MFS-29275 

Robot hand grips cylinders 
securely 
Jun page 82 MSC-21365 

Three-dimensional robotic 
vision system 
Jun page 43 MSC-27191 

Forcellorque display for 
telerobotK: systems 
Aug page 30 LAR-1 3'.!7 

Robotic vision would 
combine optics and 
microwaves 
Sap page 46 MSC-21334 

Robotic target-tracking 
subsystem 
Nov page 36 KSC-II 44 7 

Tooling for robotic welder 
Nov page 64 MFS-29557 

Comploant prosthetic or 
robotic Joint 
Dec page 61 GSC-13153 

ROBOTS 
Adaptive force and position 
control for robots 
Feb page 41 NPO-17127 

Compliant robot wrist 
senses deflections and 
forces 
Feb page 76 GSC-12868 

Two-thumbed robot hand 
Feb page 82 NPO-17274 

Adaptive control of remote 
manipulator 
Mar page 38 NPO-16922 

• Cryogenic Vessels 

effector and receptacle 
Mar page 80 GSC-13152 

Simplified linear 
muHivariable control of 
robots 
Apr page 36 NPO-l6857 

Simple multiplexing hand
held control unit 
Sep page 28 NPO-1 7308 

Adaptive control for 
cooperative dual robot arms 
Oct page 64 NPo-17368 

Decentralized adaptive 
control for robots 
Nov page 30 NPo-17542 

ROBUSTNESS 
(MATliEMATICS) 
Passivity in analysis of 
robustness of a control 
system 
Jun page 44 NPo-17589 

ROCKET ENGINES 
Heat flux in a dual-throat 
rocket engine 
Apr page 106 MFS-28261 

Transpiration and 
regenerative cooling of 
rocket engine 
Aug page 75 MFS-28251 

Adherent thermal barrier for 
combustion chamber 
Oct page 68 LEW -14840 

ROCKET FLIGHT 
Computing optimal muhiarc 
trajectories 
Aug page 54 MSC-21112 

ROLLER BEARINGS 
Roller bearings survive loss 
of oil supply 

• Ultra High Vacuum (UHV) Chambers 
• Pressure Vessels (ASME Code) 
• Special Research Chambers 

Our Services Have Been Used By: 
AT&T. General Dynamics. Liq-Air 
• Nat'l Labs. IBM. NASA. MIT 
• plus many other Hi-tech companies. 
Call us for consultation without obligation 

t£vt£ 
CRVO T€CH LAB 

DIV, OF 

MEYER TOOL & MFG., INC. 
9221 S_ KILPATRICK. OAK LAWN, IL 60453 

Uquid He cryogenic 
heat exchanger_ 

312/425-9080 

'Iil~~~iiiililll~ FAX: 3121425-2612 
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Sep page 94 

ROTARY WINGS 
Inleraction of a helioopter 
blade with a vortex 
Sep page 92 ARC-12196 

ComputatIOn of flow about a 
helioopler rotor 
Dec page 53 ARC-I2227 

ROTATING FLUIDS 
Liquid angular-momentum 
compensator 
May page 80 NPO-I7204 

ROTATING SHAFTS 
Theory of ball-bearing 
vibralions 
Apr page 105 MFS-29378 

ROTATION 
DynamIC torque calibration 
unit 
Dec page 56 NPO-17509 

ROTOR BLADES 
(TURBOMACHINERy) 
Navier-Stokes simulation of 
turbine rotor/stator 
Interaction 
Jul page 69 ARC-12185 

Numerical simulation of 
turbine rolor/stator 
interaction 
Oct page 61 ARC-I2293 

Using NASTRAN to analyze 
vibrations of rotor blades 
Oct page 62 LEW-14799 

ROTORS 
Study of llow about a 
helicopter rotor 
Feb page 78 ARC-11790 

s 
SAFETY 
Reslstancee welder using 
48D-Vac ground-faun 
Interrupter 
Dec page 28 MFS-29582 

SAFETY DEVICES 
Glove box for hazardous 
liquids 
Sep page 106 MFS-28392 

SANDWICH STRUCTURES 
Microsandwich honeycombs 
Nov page 76 NPO-17595 

SATELLITE-BORNE 
RADAR 
Muniple baseline 
interferometric synthetic 
aperture radar 
Jul page 42 NPO-17416 

SATELLITE NAVIGATION 
SYSTEMS 
Simulation of satellite 
trajectories and navigation 
Mar page 67 NPO-I7442 

SATELLITE ORBITS 
Reduced-dynamic technique 
for determination of orbits 
Jun page 79 NPO-17386 

SATELLITE PERTURBA
TION 
Computing geopotential 
perturbations 
Jun page 61 MSC-21281 

SATELLITES 
Very-long-baseline 
interferometry using cheap 
satellites 
Nov page 44 NPO-17488 

SATURATION 
Apparatus makes precisely 
saturated solutions 
May page 42 MFS-28280 

SCANNERS 

NPO-I7390 

SCAITERING 
Electroniclion-scattering 
apparatus 
Apr page 70 NPO-16789 

SCAITEROMETERS 
Dtgrtal Doppler processor for 
spaoebome scatterometer 
Dec page 36 NPO-I7253 

SCHEDULING 
Scheduling tasks in parallel 
processing 
Jan page 81 NPO-I7219 

SCIENTIAC SATELLITES 
Simulating the gamma-ray 
observatory spacecraft 
Aug page 52 GSC-13147 

SEALING 
Keeping wax liquid for 
application 
Jul page 84 MFS-29238 

SEALS (STOPPERS) 
Double-O-ring plug for leak 
tests 
Feb page 72 MFS-28222 

Dynamic, high-temperature, 
flexible seal 
Apr page 101 lEW-I4672 

Hatch cover slides through 
hatch 
Apr page 92 MSC-21356 

Inflatable-seal assembly for 
cryogenic fluids 
Apr page 99 KSC-II368 

Analysis of straight and 
wavy annular seals 
Oct page 60 MFS-29584 

Gland with cantilever seal 
Oct page 55 MFS-28328 

Making reliable large
diameter O-rings 
Oct page 67 MFS-28371 

SEASAT PROGRAM 
DIgital Doppler processor for 
spaceborne scatterometer 
Dec page 36 NPO-I7253 

SECURITY 
Tamper-resistant secure 
disposal container 
Oct page 58 NPO-I6639 

SEEDS 
Automatic sprout grower 
Jun page 106 MSC-21266 

SEMICONDUCTING FILMS 
Laser-assisted growth of 
AIGaAs films 
May page 83 LEW-14638 

SEMICONDUCTOR 
DEVfCES 
Metal film increases CCO 
quantum efficiency 
Apr page 24 NPO-I6815 

Composite semiconductor 
substrates 
May page 22 NPO-17342 

Growing gallium arsenide on 
silicon 
May page 54 NPO-17360 

High-performance power
semiconductor packages 
Jun page 24 LEW-14818 

Stabilizing semiconductor 
devices with hydrogen 
Jun page 30 NPO-17187 

Hotspot endurance 01 solar
cell modules 
Jul page 28 N PO-17305 
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Single electrode would 
control charge-coupled 
device 
Sep page 30 NPO-17313 

Integrated semiconductor/ 
optical information 
processors 
Oct page 22 NPO-I7533 

SEMICONDUCTOR 
DIODES 
BIN diode for submillimeter 
wavelengths 
Jan page 24 NPO-17258 

SEMICONDUCTOR 
LASERS 
Increasing and combining 
outputs of semiconductor 
lasers 
Apr page 30 NPO-17473 

SEMICONDUCTORS 
(MATERIALS) 
Spinner for etching of 
semiconductor wafers 
Apr page 108 NPO-16912 

Research in thermoelectric 
materials 
Jul page 54 NPO-17403 

Surrogate seeds for growth 
of crystals 
Sep page 73 NPO-I7339 

SEPARATORS 
Improved bipolar separator 
for lead/acid batteries 
Jan page 28 NPO-15241 

Phase separators and 
fountain-effect pumps for He 
II 
Feb page 54 MFS-28243 

SERVOMECHANISMS 
Adaptive force and pos~ion 
control for robots 

Feb page 41 NPO-17127 

Compliant robot wrist 
senses deflections and 
forces 
Feb page 76 GSC-12868 

Two-thumbed robot hand 
Feb page 82 NPO-17274 

Flight balance for skin
friction measurements 
Mar page 72 LAR-13710 

Sen-aligning robotic end 
effector and receptacle 
Mar page 80 GSC-13152 

SHAFTS (MACHINE 
ELEMENTS) 
Fiber-optic sensor would 
detect movements of shaft 
Feb page 80 MFS-29382 

Forging long shafts on disks 
Aug page 79 MFS-28288 

SHAPES 
Circularity-measuring 
system 
Jul page 83 LAR-I3851 

Adjusting surfaces of large 
antenna reflectors 
Jul page 34 LAR-13851 

SHEAR PROPERTIES 
Calculating dynamic shear 
moduli of polymers 
Mar page 62 MFS-28340 

SHEAR STRENGTH 
Testing bonds between 
brittle and ductile films 
May page 59 lEW-14750 

SHELLS (STRUCTURAL 
FORMS) 
Functional microspheres 
Feb page 93 NPO-14687 

Computing stress, stability, 
and vibratIOn of shells 
Aug page 52 LAR-13940 

SHOCK ABSORBERS 
·Smart" electromechanical 
shock absorbers 
Apr page 94 MSC-21368 

SHOCK HEATING 
Shock-induced heating in a 
rocket engine 
Jan page 48 MFS-29449 

SHOCK TESTS 
Effects 01 pyrotechnically 
generated shocks 
May page 76 LAR·13717 

SHORT TAKEOFF 
AIRCRAFT 
Piloted simulations of a V / 
STOl aircraft 
Jan page 77 ARC-11807 

SIGNAL ANALYSIS 
Correlation functions aid 
analyses of spectra 
Mar page 50 N PO-17306 

SIGNAL FADING 
Design of trellis codes for 
fading channels 
Apr page 112 NPO-17356 

SIGNAL GENERATORS 
Microwave comb generator 
Jan page 20 NPO-17004 

SIGNAL PROCESSING 
Acousto-opticaVmagneto
optical correlator or 
convolver 
Mar page 46 NPO-17178 

Signal preprocessor for 
laser-fringe anemometers 
Apr page 32 LEW-14663 

Field-sequential color 

oonverter 
Jul page 24 MSC-21346 

Hybrid analogldig~al 
reciever 
Aug page 28 NPO-1 7262 

Oig~al signal processor for 
GPS recetvers 
Sep page 36 NPO-1 6997 

Real·time optimization of 
receiver bandwidth 
Oct page 30 N PO-1 7 400 

SIGNAL TO NOtSE RATIOS 
Design and analysis of 
optical communication links 
Jan page 31 NPO-17017 

SIGNAL TRANSMISSION 
Managing data from signal
propagation experiments 
Jan page 81 NPO-17232 

Fast correction for Doppler 
in MOPSK signals 
May page 34 NPO-16987 

SILICA GLASS 
Making MgO/SiO, glasses 
by the sol-gel process 
Aug page 50 LEW-14714 

SILICIDES 
Deposition of pinhole-free 
CoSi, film 
Jun page 95 NPO-17447 

Molecular-beam epitaxy of 
CrSi, ON Si(111) 
Jun page 97 NPO-17438 

SILICON 
Gas-jet cooling would 
improve Czochralski 
process 
Jan page 79 NPO-I7272 

Semlempirical model would 

IF YOU KNEW HOW 
MANY DOLPHINS DIED TO 

MAKE THIS TUNA SANDWICH, 
YOU'D LOSE YOUR LUNCH. 

Over6 million dolphins were killed 
by tuna fleets in the eastern tropical 
Pacific over the last 30 years. 

These dolphins weren't killed for 
food or for use in any product. They 
were killed purely to increase net 
profits. 

It was just these dolphins' bad luck 
that schools of1arge, profitable 
yeUowfin tuna often swim below 
dolphin herds. And in the late' 50s, 
fishermen realized that if they could 
snare the dolphins, they could net 
tons and tons of the tuna below. 

First, the dolphins are chased 
and herded with speedboats, heli
copters, and underwater explosives. 
Then, an enormous net is set 
around the herd and drawn closed 
at the bottom. 

Exhausted and entangled in the 
nets, many dolphins suffocate. 
Some are literally crushed to death. 

The Marine Mammal Protection 
Act of Im has helped. But it hasn't 

helped enough. Over 100,000 
dolphins continue to die each year 
at the hands of the tuna industry. 

Please donate your time or 
money to Greenpeace so we can 
continue our efforts to save the 
dolphins. If you must eat canned 
tuna, buy only Albacore or chunk 

white tuna which isn't caught ' 'on 
dolphins:' 

Better yet, don't buy any tuna a 
aU. It will only leave a bad taste in 
your mouth. 

G REENPEACE 
1436 U Street, Washington, DC 20009 
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RPV'. 
DROIES 
MISSILES 
GUIDED 
WEAPONS 

MIL-spec qualified vertical gyros 
give you precise vehicle control of 
pitch and roll in high level environ
ments and high G tums. The use of 
electrolytic level sensors for 
greater accuracy and the higher 
angular momentum that allows 
lower erection rates means on-tar
get flights that meet your exact mis
sion requirements. 

Other Instruments In the 
Humphrey line Include: Rate gyros 
(single and three axis) • Directional 
gyros • North-slaved directional 
gyros • Vertical gyros • Solid state 
rate sensors (single, dual and three
axiS) • Magnetometers· Linear posi
tion trandueers • Linear acceler
ometers, Acceleration switches • 
vertically stabilized accelerometers· 
Combined instrument packages 

CALL OR 
WRITE FOR 
SUMMARY 
CATALOG 
Humphrey, Inc. 
9212 Balboa Ave., Dept. NTBI 
San D iego, Califo rnia 92123 U.S.A . 
Phone: (61 9) 565-6631 
TWX: (910) 335-2001 
FAX: (619) 565-6873 
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control Czocilralski process 
Jan page 79 NPO-I7271 

Growing gallium arsenide on 
silicon 
May page 54 NP0-17360 

Fluidized-bed reactor with 
zone heating 
Jun page 96 NPO-17470 

Baffles promote wider. 
thinner silicon ribbons 
Aug page 78 NPO-I7168 

Reduction of stresses in 
growing silicon webs 
Aug page 30 NPO-17137 

Making submicron CoSi, 
structures on Si substrates 
Sep page 105 NPO-l n36 

SILICON ALLOYS 
Improving thermoelectric 
properties of (SVGe)/GaP 
alloys 
Feb page 63 NPO-17259 

SILICON CARBIDES 
Improving silicon carbide! 
silicon nitride fibers 
May page 64 MFS·27101 

SILICON CONTROLLED 
RECTIFIERS 
Relationship between 
latchup and transistor 
current gain 
Aug page 26 N PO-17561 

SILICON NITRIDES 
Grinding Si,N, powder in 
Si,N, equipment 
Sap page 113 LEW·I4821 

SILICON RUBBER 
Ultra-high·molecular·weight 
silphenylene!siloxane 
elastomers 
Jan page 42 MFS·27120 

SILICON OXIDES 
Improved method for making 
infrared imagers 
Feb page 86 GSC-13135 

SILVER 
Silver ink for jet printing 
Aug page 50 NPO-17153 

SIMULATION 
lsothermal-gas-transfer 
program 
Mar page 64 MSC·21400 

Simulator of rain in flowing 
air 
Sap page 96 NPO·17237 

Simulation of combat with 
an expert system 
Nov page 85 NPO-l n20 

SIMULATORS 
Igniter simulator 
Apr page 31 MFS·29402 

SINGLE-EVENT UPSETS 
Spread of charge from ion 
tracks in integrated circuits 
Jan page 27 NPO-17265 

Trends in susceptibility to 
single-event upset 
Jan page 26 NPO-17147 

Asymmetrical SRAM cells 
for radiation tests 
Jun page 26 NPO-l6890 

SEU in an advanced bipolar 
integrated circuit 
Oct page 26 NP0-17553 

Internal correction of errors 
In a DRAM 
Dec page 30 NPO-I7406 

SKIDDING 
Tire lootprint affects 
hydroplanning on wei 

pavement 
Mar page 70 LAR·l3683 

SKIN FRICTION 
Flight balance for skin
friction measurements 
Mar page 72 LAR·13710 

SLIDING CONTACT 
Muhihundred kilowatt rotary 
electrical·transfer 
Mar page 78 LEW-14269 

SODIUM HYDROXIDES 
Degradation of carboni 
phenolic composites by 
NaOH 
Apr page 82 MFS-27099 

SOFTWARE TOOLS 
Commercial expert-system· 
building software tools 
Jun page 103 ARC-11757 

XPQ/GCOS-8 SYSOUT 
Interface software 
Dec page 47 KSC· II446 

SOL-GEL PROCESS 
Making MgOlSiO, glasses 
by the sol-gel process 
Aug page 50 LEW-14714 

SOLAR CELLS 
Comprehensive silicon· 
solar -cell program 
Jan page 44 NPO-17126 

Roughening surfaces 01 
solar cells 
May page 85 NPO·17295 

H01Spot endurance of solar
cell modules 
Jul page 28 NPO·17305 

SOLAR COLLECTORS 
Tracing rays in a solar 
power system 
Oct page 53 LEW·14778 

Mounts for selective rotation 
and translation 
Nov page 58 NPO·17686 

SOLAR GENERATORS 
Endurance tests of 
amorphous-silicon 
photovo~aic modules 
Jan page 28 NPO-17304 

Free-pislon Stirling engines 
Jan page 50 LEW-14558 

SOLID PHASES 
S1udy of phase separa1ion 
in glass 
May page 65 NPO-16796 

SOLID PROPELLANT 
ROCKET ENGINES 
Reducing thrusts in solid· 
fuel rockets 
Apr page 101 LAR·13744 

SOLID STATE DEVICES 
Stabilizing semiconductor 
devices with hydrogen 
Jun page 30 NPO-17187 

SOLID STATE LASERS 
Cladding lor transversly
pumped laser rods 
Apr page 68 NPO·17355 

SOLIDIFICA nONS 
Effect of solid~icalion speed 
on fatigue properties 
Jun page 67 MFS-27215 

SOLIDS 
Equalion of state with 
temperature effects for 
compressed solids 
Jun page 56 LEW·14616 

Isothermal equation of state 
for compressed solids 
Jun page 55 LEW-14615 

SOLUTIONS 
Apparatus makes precisely 

198 
saturated solutions 
May page 42 MFS-28280 

SOUND FIELDS 
Simplified rolation in 
acoustic levitation 
May page 85 NPO' 17086 

SOUND PRESSURE 
Optical measurement 01 
sound pressure 
Sap page 50 NPO-17565 

SPACECRAFT ANTENNAS 
Optimal placement of 
multiple antennas 
Jan page 21 MSC·21291 

SPACECRAFT DESIGN 
Optimizing locations of 
nodes to reduce vibrations 
Feb page 73 LAR·13716 

SPACECRAFT DOCKING 
Light weight restraint for 
coupling flanges 
Mar page 75 MSC·21211 

Alignment system for 
docking conlrol 
May page 38 MSC·21156 

SPACECRAFT INSTRU
MENTS 
Delecting impacts of 
particles on spacecraft 
Jul page 42 MFS-28278 

SPACECRAFT MODELS 
Simulating the gamma·ray 
observatory spacecraft 
Aug page 52 GSC-13147 

SPACECRAFT PROPUL
SION 
Combining microwave 
functions 10 reduce weighl of 
spacecraft 
Mar page 48 NPO·16953 

SPACECRAFT TRAJECTO
RIES 
Artificial·satellite·analysis 
program 
Jan page 46 NPO·17522 

Calculating Irajectories and 
orbilS 
Sep page 76 NPO-17201 

SPACE ENVIRONMENT 
SIMULATION 
Simulating scenes in outer 
space 
Oct page 54 NPO·17246 

SPACE PERCEPTION 
Depth perception in remote 
stereoscopic viewing 
syslems 
Aug page 88 NPO-17118 

SPACE SHUTTLE MAIN 
ENGINE 
Shock·induced healing in a 
rocket engine 
Jan page 48 MFS-29449 

Igniter simulalor 
Apr page 31 MFS·29402 

SPACE SHUTTLES 
Stellar inertial navigation 
workstation 
Feb page 68 MSC·21093 

Thermal stresses in Space· 
Shuttle wing 
Jun page 79 ARC·12139 

Laser rayleigh-scattering 
during space shuttle entry 
Aug page 48 ARC·11841 

SPACE STATIONS 
T rash·disposal module for 
Space Station 
Apr page 105 MSC·21324 

Predictive attitude 
maintenance for a space 
station 

j ctlndex 
Sap page 93 MSC·21216 

Aiming instruments on the 
space station 
Oct page 46 NP0-17518 

ATAM - automated trade 
assessment modeling 
Oct page 55 LAR·13999 

SPARK MACHINING 
Making nozzles from hard 
malerials 
Nov page 71 MSC·21299 

SPATIAL FlLTERING 
Acouslo-optical!magneto
optical correlator or 
convolver 
Mar page 46 NPO-17178 

Liquid-crystal optical 
correlator 
Mar page 42 NPO·16750 

Making a circular ·harmonic 
fi~er 
Oct page 41 NPO-17263 

SPECIMENS 
Making durable specimens 
for electron microscope 
Jun page 55 LEW·14755 

SPECKLE PATTERNS 
Speckle·suppression 
apparatus 
Sep page 54 LAR-13nl 

SPECTROGRAPHS 
Spectrograph measures 
contamination of optical 
elemenls 
Mar page 58 MFS-26076 

SPECTROMETERS 
Delay·line anode for 
microcilannel'plate 
spectrometer 
Mar page 24 MFS·26073 

Eighl-channel spectrometer 
Mar page 40 MFS-29421 

Calculating response of a 
tunable-diode·laser 
spectrometer 
Jul page 52 NPO-17375 

Two·frequency electro-oplic 
gas·correlation spectrometer 
Dec page 40 NPO·17638 

SPECTROSCOPY 
BIN diode for submillimeter 
wavelengths 
Jan page 24 NPO·I7258 

Phase·modulation gas
correlation spectroscopy 
Mar page 52 NPO·17013 

SPECTRUM ANALYSIS 
Correlation functions aid 
analyses of spectra 
Mar page 50 NPO·17306 

SPEECH 
Vector adaptive/predictive 
encoding of speech 
Sap page 40 NPO-17230 

Pulse vector -exc~ation 
speech encoder 
Nov page 34 NPO-17131 

SPEED CONTROL 
Closed· loop motor·speed 
control 
Feb page 26 MFS·29469 

SPHERES 
Photopolymerization of 
levitated droplets 
Jan page 78 NPO-16551 

Nonaggregating 
microspheres containing 
aldehyde groups 
Mar page 60 NPO·15459 

Making polymeric 
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microspheres 
Sap page 98 NPO-17023 

Gravitation-and conduction
driven melting in a sphere 
Nov page 45 NPO-16758 

SPHERICAL SHELLS 
Functional microspheres 
Feb page 93 NPO-I4687 

SPHERULES 
Evolution of oenospheres 
Jan page 37 NPO-I7239 

SPHERULITES 
Characteristics of 
cenosp/leres 
Jan page 38 NPO-I7236 

SPOT WELDS 
Programmable positioner for 
spot welding 
May page 82 LEW-I4622 

SPRAY NOZZLES 
Spray def1ector for water-jet 
machining 
Sap page 99 LEW-I4863 

SPRAYING 
Electrostatic spraying with 
conductive liquids 
Jun page 88 MSC-21067 

SPRINGS (ELASllC) 
Spring-blade impact tester 
Jun page 72 LAR-13749 

Structurally-tailorable, 
nonlinear, snap-through 
spring 
Jun page 77 LAR-13729 

SPUTTERING 
Flexible, polymer-filled 
metallic conductors 
Feb page 57 LEW-14161 

SQUIBS 
Theory of a pyrotechnically 
driven device 
Apr page 76 NPO-17117 

Cleaning burning squib 
Jun page 74 NPO-17112 

SQUID (DETECTORS) 

Ultra-stable supercon
ducting-maser oscillator 
Jun page 22 NPO-I7090 

SQUID with integral flux 
concentrator 
Sap page 26 MF8-28282 

STABILITY 
Absolute stability and 
hyperstability in Hilbert 
space 
Jun page 45 NPO-17590 

STAINLESS STEELS 
Making jointless dual
diameter tubes 
Sap page 101 MFS-29004 

STATE VECTORS 
Effect of noise In the ideal 
state reconstructor 
Oct page 73 MFS-28382 

STAllS11CALANALY~S 
Statistical analysis for 
nucteus/nucteus collisions 
Jan page 83 MF8-27183 

Paradigm for statistical 
analysis of threshold 
detection 
Feb page 92 NPO-17529 

Calculating cumulative 
binornial-distribution 
probabilities 
May page 69 NPO-17555 

Common-reliability 
cumulative-binomial 
program 
May page 70 NPO-17557 

System-reliability 
cumulative-binomial 
program 
May page 70 NPO-I7556 

STATOR BLADES 
Navier-Stokes simulation of 
turbine rotor/stator 
interaction 
Jul page 69 ARC-12185 

Numerical simulation of 
turbine rotor/stator 
interaction 
Oct page 61 ARC-I2293 

STEREOPHONJCS 
Direction hearing aid 
A!x page 34 GSC-I3027 

STEREOSCOPIC VISION 
Depth perception in remote 
stereoscopic viewing 
systems 
Aug page 88 NPO-17118 

Sl1FFNESS 
Vibrating beam with spatially 
periodic stiflness 
Aug page 58 MFS-27202 

Sl1MULATED EMIS~N 
DEVICES 
Gaussian-beam laser
resonator program 
Oct page 54 LAR-I4080 

Sl1RUNG CYCLE 
Free-pislon Stirling engines 
Jan page 50 LEW-I4558 

STOCHAS11C PROC
ESSES 
Design of combined 
stochastic feed-forward! 
feedback control 
Jun page 103 LAR-13795 

STORAGE BATTERIES 
Improved bipolar separator 
for lead/acid batteries 
Jan page 28 NPO-15241 

Bipolar battery using 
conductive-fiber composite 
Feb page 20 NPO-I4994 

Advanced small 
rechargeable batteries 
Jun page 32 NPO-I7396 

STRAIN GAGES 
Theory of ball-bearing 
vibrations 
Apr page 105 MFS-29378 

Measuring tension in a 
tether 
May page 78 MFS-28321 

High-temperature strain-and
temperature gauge 
Sap page 88 MFS-28320 

STRAIN MEASUREMENT 
Testing bonds between 
brittle and ductile film 
May page 59 LEW-1475O 

Predictions of fatigue 
damage from strain histories 
Jul page 67 MFS-26060 

STRESS ANALYSIS 
Computing stress, stability, 
and vibration of shells 
Aug page 52 LAR-13940 

Piecewise-linear 
computation of creep 
Sap page 80 ARC-12142 

STRUCTURAL FAILURE 
Predicting the propagation 
of cracks 
Jul page 52 GSC-I3084 

STRUCTURAL MEMBERS 
Thermally stable truss 
Apr page 107 MFS-27216 

STRUCTURAL STABILITY 
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Calculating buckling and 
vibrations of lattice 
structures 
Apr page 84 LAR-
13876 

STRUCTURAL 
VIBRATION 
Optimizing locations of 
nodes to reduce vibrations 
Feb page 73 LAR-
13716 

Yobration-testing facility for 
aircrafl 
Feb page 78 ARC-
12141 

Placement of exciters and 
sensors to measure 
vibrations 
Apr page 100 NPO-
17293 

Multiple-boundary
condition vibration tests 
Aug page 56 NPO-
17351 

STRUTS 
End joint for structural 
elements 
Mar page 81 LAR-
13584 

Spring-blade impact tester 
Jun page 72 LAR-
13749 

SUBROU11NES 
Mon~oring the execution of 
a VAX image 
Mar page 68 NPO-
17297 

Examining the subroutine 
structure of a V AX image 
May page 71 NPO-
17298 

SUBSONIC FLUTTER 
Predicting flutter of a 
propfan 
Jul page 74 LEW-
14659 

SUPERCONDUCTORS 
Design and fabrication of 
superconductors 
May page 62 MF.S-
27029 

Magnetic-flux-rompression 
cooling using supercon
ductors 
May page 40 NPO-
17504 

Orienting superconductive 
crystals for high current 
density 
May page 86 NPO-
17330 

Surface hoIogenation of 
high-temperature 
superconductors 
May page 61 NPO-
17112 

Making a superconductive 
thin film 
Jun page 90 MF8-
26093 

Screen-printed 
YBa,Cu,O,_. films on 
alumina 
Sap page 104 LEW-
14829 

SUPERCOOLING 
Surface tension confines 
cryogenic liquid 
Apr page 88 GSC-
13112 

SUPERLAT11CES 
Strain-layer-superlattice 
light modulator 
May page 51 NPO-
16915 

SUPERSONIC AIRCRAFT 
High-~ lurbulence for 
supersonic airplanes 
May page 52 ARC-12149 

SUPERSONIC BOUNDARY 
LAYER 
Al:x:uracy of hot-wire 
anemometry in supersonic 
turbulence 
Jun page 60 ARC-11802 

SUPPORTS 
Mounts for selective rotation 
and translation 
Nov page 58 NPO-I 7686 

SURFACE ANISHING 
Detecting residues on grit
blasted surfaces 
Jan page 40 MFS-28276 

Surface hologenation of high
temperature superconductors 
May page 61 NPO-17112 

SURFACE ROUGHNESS 

Measuring !hennal 
conductivities of rough 
specimens 
Feb page 70 MSC-21333 

Roughening surfaces of solar 
cells 
May page 85 NPO-17295 

SWITCHING CIRCUITS 
Monolithic microwave 
switching matrix 
Aug page 22 LEW-I4813 

Memory s~ches based on 
MnO,. thin films 
Dec page 28 NPO-I7377 

SYSTHESIS (CHEMISTRy) 
Photochemistry of 2,5-diacyl-
1,4-dimethylbenzenes 
Dec page 46 LEW-14708 

SYNTHETIC APER11JRE 
RADAR 
Processing SAR images on 
board 
Jan page 29 NPO-17195 

MUHiple-baseline 
interferometric synthetic
aperture radar 
Jul page 42 NPO-17416 

SYNTHETIC RE~NS 
PMR resin compositions for 
high temperatures 
Jul page 56 LEW-I4658 

SYSTEMS ENGINEERING 
Stellar inertial navigation 
workstation 
Feb page 68 MSC-21093 

T 
TARGETS 
Robotic target-tracking 
subsystem 
Nov page 36 KSC-II447 

TELECOMMUNICA11ON 
Optimal placement of multiple 
antennas 
Jan page 21 MSC-21291 

MuHiple-beam communica
tions antenna 
Feb page 34 LEW-14190 

Four-mode squeezing for 
optical communications 
Jul page 44 NPO-17170 

TELEMETRY 
Adaptive telemetry 
muHiplexer 
Sap page 38 MSC-21170 

Real-time optimization of 
receiver bandwidth 
Oct page 30 NPO-17400 

TELEOPERATORS 
Remote-manipulator hand 
with data-processing ability 
Nov page 62 NPO-I6648 

TELESCOPES 
Error-rompensated 
telescope 
May page 48 NPO-I6869 

TELEVISION EQUIPMENT 
Correction and use of jitter 
in television images 
Aug page 32 NPO-17499 

TELLURIDES 
Chemical-vapor deposition 
of Cd,.Mn.Te 
Jul page 76 NPO-17399 

TEMPERATURE CONTROL 
High-temperature gas-gap 
thermal sw~ch 
Feb page 50 NPO-17163 

Venting gases with 
minimum loss of heat 
Feb page 70 GSC-13133 

CapiUary-condenser
pumped heat-transfer loop 
Jun page 75 MF8-26046 

Carbonlcartx>n panels 
cooled by heat pipes 
Jul page 64 LAR-13761 

Reducing heating in 
cinematography 
Jul page 44 LEW-14798 

Cooling shell for electronic 
equipment 
Nov page 59 LAR-13956 

TEMPERATURE EFFECTS 
Thermal stresses in Space
Shuttle wing 
Jun page 79 ARC-12139 

TEMPERA11JRE 
GRADIENTS 
Applying thermal gradients 
to control vibrations 
Sap page 90 NPO-17067 

TEMPERA11JRE 
MEASUREMENT 
Acoustical measurement of 
fumace temperatures 
Mar page 51 NPO-17oo7 

Whistle gauge measures 
flow and temperature 
Jul page 65 NPO-17243 

Infrared pyrometry fr(\fTl 
room temperature 10 700· C 
Decpage43 LEW-I4872 

TEMPERA11JRE 
MEASURING INSTRU
MENTS 
High-resolution, two
wavelength pyrometer 
Sap page 68 NPO-17287 

High-temperature strain-and
temperature gauge 
Sap page 88 MFS-2832O 

TE~LETESTS 
Portable pull tester 
May page 81 NFS-28302 

TENSOMETERS 
Measuring tension in a 
tether 
May page 78 MFS-28321 

TERRAIN FOLLOWING 
AIRCRAFT 
T errain-followinglterrain
avoidance system for 
helicopters 
Jan page 30 ARC-11731 

TEST CHAMBERS 
Glove box for hazardous 
liquids 
Sap page 106 MFS-28392 

TEST EQUIPMENT 
Standard method for 
radiation tests of liquids 
Jun page 48 NPO-I6840 

TEST FACILmES 
Autornaled heat-flux
calibration facility 
Jun page 59 LEW-14724 

TETHERING 
Tethered remote 
manipulator 
Feb page 81 MFS-28305 

TETHERUNES 
Measuring tension in a 
tether 
May page 78 MFS-28321 

TEXTS 
Une-ed~or computer 
program 
May page 71 NPO-I7300 

THERMAL ANALYSIS 
Removing hidden lines for 
thermal analysis 
Nov page 54 MSC-21401 

THERMAL CONDUCTIVITY 
Measuring thermal 
conductivities of rough 
specimens 
Feb page 70 MSC-21333 

Electrolytic heat switch 
Mar page 54 MFS-26074 

THERMAL ENERGY 
Two-pipe heat-transfer loop 
Sap page 94 NPO-I7404 

THERMAL EXPANSION 
Making large compos~e 
vessels without autoclaves 
Sap page 103 MFS-28390 

THERMAL INSULATION 
Multiple-purpose rigid foam 
insulation 
Mar page 62 MF8-28264 

Pourabie foam insulation 
Oct page 52 MFS-27217 

Low-density, sprayable 
thermaf insulation 
Dec page 44 MFS-28372 

THERMAL STABIUTY 
Thermally stable truss 
Apr page 107 MFS-27216 

THERMAL STRESSES 
Thermal stresses in Spaoe
Shuttle wing 
Jun page 79 ARC-12139 

THERMIONIC CATHODES 
Barium-dispenser thermionic 
cathode 
May page 24 LEW-I4685 

THERMIONIC EMISSION 
HoIlow-cathode source 
generates plasma 
Aug page 44 NPO-I6992 

THERMOCOUPLES 
Annealing increases stability 
of iridium thermocouples 
Apr page 110 LAR-I3951 

Heat-flux sensor for hot 
engine cylinders 
Jui page 48 LEW-I4830 

THERMODYNAMIC 
PROPERllES 
Equation of state with 
temperature effects for 
compressed solids 
Jun page 56 LEW-I4616 

THERMOELECTRIC 
GENERATORS 
Thermal brushes for 
memory-metal actuators 
Jun page 84 NPO-I7086 

THERMOELECTRIC 
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MATERIALS 
Improving thermoeIecIric 
properties of (SIIGe)/GaP 
alloys 
Feb page 63 NPO-I7259 

Research in thermoelectric 
materials 
Jul page 54 NPO-17403 

TlfERMOELECTRIC 
POWER GENERATION 
Strong, low-resistance 
bonds for AMTEC 
electrodes 
Jun page 86 NPO-17161 

Electrodes for alkali-melal 
1hermoeIectric converters 
Nov page 24 NPO-17159 

TlfERMOSETllHG RESINS 
Acetylene-terminaled 
aspanimides and derived 
resins 
Jan page 40 LAR-13730 

TlfERMOSTATS 
High-temperature gas-gap 
thermal switch 
Feb page 50 NPO-17163 

TliIN ALMS 
Soluble aromatic poIymides 
for film coating 
Feb page 56 LAR-13700 

laserlplasmalchemical
vapor deposition of diamond 
May page 82 NPO-17487 

Testing bonds between 
brittle and ductile films 
May page 59 lEW-1 4750 

Deposition of pinhole-free 
CoSi2, film 
Jun page 95 NPO-17447 

Making a superconductive 
thin film 
Jun page 90 MFS-26093 

Rapid annealing of 
amorphous hydrogenated 
carbon 
Jul page 58 lEW-I4664 

Screen-printed YBa,CU,O,~ 
films on alumina 
Sap page 104 lEW-I4829 

Memory switches based on 
MoO .... thin films 
Dec page 28 NPO-173n 

THIN WAllED SHEllS 
Making multicore, mu~ishell 
microspheres 
Jul page 80 NPO-I7203 

TlfREE DIMENSIONAL 
flOW 
Numerical solution of 
Navier-Stokes equations 
Jan page 47 ARC-11794 

THRESHOlDS (PERCEP
TION) 
Paradigm for statistical 
analysis of threshold 
detection 
Feb page 92 NPO-I7529 

TlfRUST CONTROL 
Reducing thrusts in solid
fuel rockets 
Arx page 101 LAR-13744 

THUNDERSTORMS 
Measuring winds with 
pulsed C-band radar 
Oct page 28 KSC-11415 

TILES 
Measuring fracture times of 
ceramics 
Feb page 26 NPO-I6738 

Cutting symme1rical 
recesses in soft ceramic 
tiles 
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Nov page 66 KSC-11450 

TIRES 
EffICient computation 01 
behavior of aircraft tires 
May page 79 LAR-I 3815 

mANIUM AllOYS 
Design and fabrication of 
supercooductors 
May page 62 MF5-27029 

TORCHES 
Three-dimensional coaxial 
weld mon-Dring 
Feb page 86 MF5-29373 

TORQUEMETERS 
Oynamoc torque calibration 
unrt 
Dec page 56 NPO-17509 

Multiple-antilever torque 
sensor 
Dec page 50 NPO-17461 

TRACKING 
Robotic target-tracking 
subsystem 
Nov page 36 K5C-11447 

mACKlNG (POSITION) 
Gray-scale processing lor 
tracking of welds 
Feb page 44 MF5-29433 

mACKlNG NETWORKS 
Eliminating tracking-system 
clock errors 
Feb page 67 NPO-I7098 

TRAJECTORIES 
Calculating trajectories and 
orbits 
Sap page 76 NPO-17201 

mAJECTORY OPTIMIZA
TION 
Optimization of simulated 
trajectories 
Arx page 85 LAR-13938 

Optimizing simulated 
trajectories of rigid bodies 
Arx page 86 lar-13939 

Computing optimal multiarc 
trajectories 
Aug page 54 MSC-21112 

mANSDUCERS 
low-power magnetic current 
sensor 
Jan page 19 NPO-I6888 

TRANSISTORS 
High-performace power
semiconductor packages 
Jun page 24 lEW-I4818 

Radiation damage in 
advanced bipolar transistors 
Sap page 32 NPO-17570 

TRANSLATING 
AutoCAO-to-GIFTS 
translator program 
May page 72 GSC-13211 

AutoCAD-to-NASTRAN 
translator program 
Jun page 70 GSC-13217 

mANSMlSSlON 
EFACIENCY 
Measuring transmission 
efficiencies of mass 
spectrometers 
Jun page 58 NPO-16989 

TRANSMlSSION UNES 
Improved coplanar 
waveguides 
May page 28 lEW-I4642 

mANSMtSSlONS 
(MACHINE ELEMENTS) 
Generation method 
improves spiral bevel gears 
Jan page 49 lEW-I4611 

mANSONIC flOW 

Study of llow about a 
hefocopter rotor 
Feb page 78 ARG-11790 

Navier-Stokes calculations 
with deforming grid 
Jul page 66 LEW-14711 

CaIcuta1ing transonic How 
about ait1ails 
Sap page 76 LAR-I3899 

Malhemalical models of 
turbulence in transonic How 
Oct page 59 ARG-I2292 

mANSONIC WIND 
TUNNElS 
Survey of wind tunnels at 
langley Research Center 
Aug page n LAR-14037 

Digital video measurements 
of wing deflections in a wind 
tunnel 
Oct page 32 LAR-13917 

TRANSPORT AIRCRAFT 
The ACEE program and 
basic research on 
compos~es 
Sap page 74 LAR-14028 

mOPOSPHERE 
Algorithm estimates 
microwave water-vapor 
delay 
Aug page 38 NPo-17267 

mUSSES 
Thermally stable truss 
Arx page 107 MFS-27216 

TUNABLE LASERS 
Calculating response of a 
tunable-diode-Iaser 
spectrometer 
Jul page 52 NPO-17375 

TURBINE PUMPS 
Analysis 01 straight and 
wavy annular seals 
Oct page 60 MFS-29584 

TURBINES 
Navier-Stokes simulation 01 
turbine rolor/stator 
interaction 
Jul page 69 ARC-121 85 

TURBOMACHINE BLADES 
Numerical simulation of 
turbine rotor/stator 
interaction 
Oct page 61 ARC-I2293 

TURBOMACHINERY 
Calculating flows in 
turbomachine channels 
Jun page 76 LEW-14705 

TURBOPROP ENGINES 
Assessment 01 semiempiri
cal dynamic stall models for 
turboprop stall 
calculations 
Jan page n lEW-14657 

TURBOSHAFTS 
Injected water augments 
cooling in turboshaft engine 
Feb page 85 lEW-14706 

TURBULENCE 
High-altitude turbulence for 
supersonic airplanes 
May page 52 ARC-12149 

Effects of turbulence on 
ignition 
Oct page 46 NPO-17335 

TURBULENT BOUNDARY 
LAYER 
Accuracy of hot-wire 
anemometry in supersonic 
turbulence 
Jun page 60 ARC-II802 

TURBULENT flOW 
Mathematical models of 
turbulence in transonic flow 

Oct page 59 ARC-I2292 

TWO DIMENSIONAL flOW 
Algorithm for solution 01 
Navier-5tokes equations 
Jon page 72 LEW-I4656 

u 
ULTRASONIC TESTS 
Quality evaluation by 
acoust<HJltrasonic testing of 
composites 
Jun page 81 lEW-1 4709 

ULTRAVIOlET LASERS 
laser rayleigh-scattering 
during space shuttle entry 
Aug page 48 ARC-II841 

UNSTEADY flOW 
Hydrodynamic stability and 
frames of refereroce 
Sap page 71 NPO-ln40 

UTILmES 
Photovoltaic generation 01 
power by utilities 
Jan page 32 NPO-17091 

v 
VACUUM 
Improved vacuum-tight 
connector 
Jun page 86 lEW-1 4720 

VALVES 
CooIant-control valves for 
fluid sampling probes 
May page n lEW-I4687 

Expansion valve with 
temperature-sensitive flow 
regulation 
Sap page 86 KSC-11372 

VAPOR DEPOSITION 
Ceramic honeycomb panels 
Arx page 108 ARC-11652 

laser/plasma/chemical
vapor deposition 01 diamond 
May page 82 NPO-17487 

Chemical-vapor deposition 
of Cd, .• Mn.Te 
Jul page 76 NPO-17399 

VAPORIZERS 
High-capacity heat-pipe 
evaporator 
Feb page 73 MSC-21272 

VATOL AIRCRAFT 
Piloted simulations 01 a VI 
STOl aircraft 
Jan page n ARC-11807 

VAX COMPUTERS 
Examining the subroutine 
structure of a V AX image 
May page 71 NPO-17298 

Une-ed~or computer 
program 
May page 71 NPO-17300 

VENTING 
Venting gases w~h 
minimum loss of heat 
Feb page 70 GSC-13133 

Reducing thrusts in solid
fuel rockets 
Arx page 101 LAR-13744 

VERY lARGE SCALE 
INTEGRATION 
VlSI universal noiseless 
coder 
Oct page 30 NPO-17469 

VERY lONG BASE 
INTERFEROMETRY 
Very-long-baseline 
interferometry using cheap 
satennes 

1 
Nov page 44 NPO-17488 

VIBRATION 
Calculating buckling and 
vibrations of lattice 
structures 
Arx page 84 LAR-I3876 

Computing stress, stability, 
and vibration 01 shells 
Aug page 52 LAR-13940 

Correction and use of jitter 
in television images 
Aug page 32 NPO-17499 

Using NASTRAN to analyze 
vibrations 01 rotor blades 
Oct page 62 lEW-1 4799 

VIBRATION DAMPING 
Applying thermal gradients 
to control vibrations 
Sap page 90 NPO-17067 

VIBRATION EFFECTS 
Effects 01 vibrations on 
grasp control 
Nov page 90 NPO-17698 

VIBRATION ISOlATORS 
Damper of small vibrations 
Arx page 96 MFS-28244 

VIBRATION MEASURE
MENT 
Placement 01 exciters and 
sensors to measure 
vibrations 
Arx page 100 NPO-I7293 

VIBRATION MODE 
Vibrating beam with spatially 
periodic stiffness 
Aug page 58 MF5-27202 

VIBRATION TESTS 
Vibration-testing lacility for 
aircraft 
Feb page 78 ARG-12141 

Muhiple-boundary-rondition 
vibration tests 
Aug page 56 NPO-17351 

VIDEO DATA 
Digital video measurements 
01 wind deflections in a wind 
tunnel 
Oct page 32 LAR-I3917 

VIDEO EQUIPMENT 
Video alignment system for 
remole manipulator 
Feb page 44 MSC-21372 

Multiplying video mixer 
Aug page 22 NPO-17332 

VIDEO SIGNAlS 
FI9Id-sequential color 
convertor 
Jul page 24 MSC-21346 

VISCOELASTICITY 
Tensile film clamps and 
mounting block for 
viscoelastometers 
Dec page 54 LAR-I3896 

VISCOPLASTICITY 
Computing viscoplastic 
behavior of a material 
May page 56 LEW-14712 

VISION 
Im3{j9-9nhancement aid for 
the partially sighted 
Jun page 36 NPO-17307 

Three-dimensional robotic 
vision system 
Jun page 43 MFS-27191 

Robotic vision would 
combine optics and 
microwaves 
Sap page 46 MSC-21334 

VlTRIACATION 
Thermal analysis 01 
reluctant glass lormers 

ex 
Jun page 50 MFS-28283 

VOIDS 
Healing voids in 
interconnections in 
integ<aled circuits 
Sap page 108 NPO-17678 

VOlTAGE REGULATORS 
Power-supply-ronditioning 
circu~ 
Jan page 22 NPO-I7233 

VORTEX GENERATORS 
Improved How-alntrolling 
vortex generator 
Jun page 73 NPO-I72n 

VORTEX RINGS 
Multiple-vortex-ring model of 
amicroburst 
Nov page 47 ARG-I2219 

VORTICES 
Model of turbulent gas 
eddies containing drops 
Oct page 46 NPO-I7336 

VULCANIZED ELASTOM
ERS 
U~a-high-molecular-weight 
silphenylenelsiloxane 
elastomers 
Jan page 42 MFS-27120 

w 
WAFERS 
Spinner for etching 01 
semiconductor walers 
Arx page 108 NPO-16912 

WASTE DISPOSAL 
T rash-disposal module lor 
Space Station 
Arx page 105 MSC-21324 

WATER VAPOR 
Algorithm estimates 
microwave water-vapor 
delay 
Aug page 38 NPO-I7267 

WAVEGUIDES 
Fabrication 01 fiber-optic 
waveguide coupler 
Arx page 109 NPO-I5630 

Computing resonances 01 
waveguide-to-microstrip 
transitions 
May page 22 lEW-I4637 

Improved coplanar 
waveguides 
May page 28 lEW-14642 

WAXES 
Keeping wax liquid for 
application 
Jul page 84 MFS-29238 

WEATlfERING 
Heated rack for weathering 
tests 
May page 48 NPO-17524 

WEBS (SHEETS) 
Reduction 01 stresses in 
growing silicon webs 
Aug page 30 NPO-17137 

WEIGHTlESSNESS 
Determining equilibrium 
pos~ion lor acoustical 
lev~ation 
Aug page 80 NPO-17511 

WELDING 
Grinding parts lor automatic 
welding 
Jan page 80 MFS-29329 

Gray-scale processing for 
tracking of welds 
Feb page 44 MFS-29433 

Arc-light reflector for 
television weld monitoring 
Sap page t 10 MFS-29134 
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1989 Annual Subject Index 
Lightweight. high-current 
welding gun 
Sap page 112 MFS-29454 

Variable-polarity plasma arc 
welding of alloy 2219 
Sap page 113 MFS-27223 

Muhihole arc-welding orifoce 
Nov page 73 MF8-28322 

Optoelectronic system 
would measure profiles of 
welds 
Nov page 80 MFS-28385 

Shutter for VPPA-welding 
vision system 
Nov page 72 MFS-28267 

Hinged. magnetic holder for 
radiographic film 
Nov page 60 MFS-29366 

Ground-sensing circuij for 
arc welders 
Dec page 32 MFS-29455 

Resistance welder using 
480-Vac ground-faun 
interrupter 
Dec page 28 MFS-29582 

WELDING MACHINES 
Three-dimensional coaxial 
weld monijoring 
Feb page 86 MFS-29373 

Programmable positioner for 
spot welding 
May page 82 LEW-I4622 

WELD TESTS 
Identification of anomalies in 
weld 
Feb page 50 MFS-28285 

Acid test for annealing of 
welds 
Nov page 74 MFS-29598 

WHEATSONE BRIDGES 
Microtronic flow transducer 
May page 29 LEW-I4654 

High-temperature strain-and
temperature gauge 
Sap page 88 MFS-28320 

WIND MEASUREMENT 
Measuring winds with 
pulsed C-band radar 
Oct page 28 KSC-11415 

WIND SHEAR 
MUhiple-vortex-ring model of 
a microburst 
Nov page 47 ARC-I2219 

WIND TUNNELS 
Applications of art~icial 
intelligence to wind tunnels 

Jun page 103 ARC-12229 

Fast laser holographic 
interteromelry for wind 
tunnels 
Jul page 51 ARC-11840 

Survey of wind tunnels at 
Langley Research Center 
Aug page 77 LAR-1 4037 

Interaction of a helicopter 
blade with a vortex 
Sap page 92 ARC-12196 

WINDOWS (APERTURES) 
Shatter-resistant. flame
resistant wondow 
May page 58 LEW-1 4743 

WING n ps 
Digijaf video measurements 
of wing deflections in a wind 
tunnel 
Oct page 32 LAR-13917 

WIRE GRID LENSES 
Making and inspecting large 
wire grids 
Feb page 89 GSC-13117 

WORKSTAn ONS 
Stellar inertial navigation 
workstation 
Feb page 68 MSC-21093 

x 
X RAYS 
Plug would collimate x rays 
Feb page 77 MFS-29343 

X-29 AIRCRAFT 
General-purpose electronic 
system tests aircraft 
Jul page 36 ARC-12148 

v 
YAGLASERS 
Cladding for transversely
pumped laser rod 
Apr page 68 NPo-17355 

Efficiently cavijy-dumped. 
frequency-doubled Nd:YAG 
laser 
Jul page 22 NPO-17286 

Pulse-pos~ion modulation 
for optical communication 
Dec page 39 NPo-17506 

YARNS 
Effects of twist on ceramic 
threads 
May page 66 ARC-II849 
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NASA 1990 
(cofJtinued from page 22) 

Enhancement Complex, these investiga
tors work together in almost 40 research 
cells performing studies in coatings, in
sulations, composites, robotics, welding, 
tooling, metal cutting, forming, and other 
fields. The results of these studies are 
available to private industry through the 
NASA technology transfer program. 0 

Stennis: 
Testing 
Advanced 
Technologies 

Roy Estess, Director 
Stennis Space Center 
Mississippi 

During 1990, the Stennis Space Center 
will maintain its role as NASA's 

prime installation for static firing of large 
rocket propulsion systems. The center will 
continue to operate and maintain dedi
cated test support facilities including a 
high-pressure industrial water facility, an 
emergency power generating system, 
high-pressure gas facilities, propellant 
and cryogenic facilities, meteorological 
and acoustic facilities, an engine plume 
diagnostic test facility, and support 
laboratories such as the Non·Destructive 
Test and Evaluation Laboratory and the 
Gas Materials and Analysis Laboratory. 

The Advanced Propulsion Instrumenta
tion Technology and Propulsion rest 
Technology initiative, conceived during 
1988, focuses on applications involving 
ground test operations, engine plume 
diagnostics and health monitoring, leak 
detection, and propulsion data systems. 
One invaluable spinoff of this initiative 
has been the design and construction of 
an engine Diagnostics Test Bed Facility 
(DTF) providing a plume source and 
analysis capability for rocket plume 
dIagnostics research. Initial observations 
of the space shuttle main engine (SSME) 
plume during testing at Stennis showed 
occasional f/arings of different colors, 
some of which coincided with catastro
phic failure. These observations led to the 
hypothesis that the plume of a healthy 
engine could provide a characteristic 
spectral signature, while an anomalous 
signature would be seen due to the 
presence of abnormal wear. The develop
ment of advanced techniques to monitor 
performance of the SSME and future 

The srennl. DI.no."c te" Bed F.:lllty __ 
compll"'e. one of the hundred. of exhau., 
plume ."ectroacopy experiment. conducted 
thu. far. 

systems during testing, certification, and 
flight is of primary importance. 

The DTF houses a 1200 pound thrust 
rocket utilizing liquid oxygen as an ox
idizer and gaseous hydrogen or methane 
as a fuel. The thruster is fitted with a 
plume seeding device which allows 
metallic salt solutions to be precisely in
jected directly into the combustion 
chamber and provides seeding accuracies 
to the order of parts per million. Another 
DTF innovation is that many firing opera
tions are controlled remotely by state~f
the-art computer hardware and software. 
Graphics control software allows for in· 
teractive valve actuation through " soft 
switches" displayed on the monitor. 
Microcomputer data acquisition provides 
operational data turnaround within five 
minutes of actual firing. 

For many years, the use of hydrogen 
has posed a significant problem for 
NASA. The only means to insure safety in 
operations involving hydrogen storage, 
transfer, and use has been to operate 
under the assumption that explosive con
centrations were present. As a solution, 
NASA required a fast, reliable hydrogen 
detection system capable of functioning 
in a harsh and dynamic environment. 
Commercially available systems were ex
amined and found to suffer from inade
quacies in speed, accuracy, reliability, or 
compensation for changes in the gaseous 
background. In response to this need, 
Stennis has designed and developed an 
advanced hydrogen detection system. 
This was accomplished through the 
development of a compact signal process
ing computer integrated with the best 
known commercially available transducer. 
The final product, dubbed the Smart 
Hydrogen sensor (SHS), has undergone 
rigorous hydrogen detection testing at the 
DTF and early indications are that the 
system will meet or exceed design speci
fications. The SHS is presently in a patent· 
pending status. 

In addition to engine test activities, 
Stennis will continue to playa key role in 
the nation's space and environmental 
research efforts. Technology development 
and remote senSing activities will proceed 
through initiatives undertaken by a staff 
of senior research scientists and engi
neers involved in fields such as forestry, 
geology, botany, oceanography, zoology, 
anthropology, computer science, math
ematics, and physics. These profes
sionals are developing the tools and 
techniques required for humans to more 
effectively manage the environment. This 
includes scientific investigation, remote 
sensor development, and data-processing 
and image analysis technique develop· 
ment. 

In support of remote sensing activities, 
the center will continue to operate an Ad
vanced Sensor Development Laboratory 
(ASDL) for the purpose of creating low
noise, high resolution remote sensing In
strumentation. Among the ASDL activities 
scheduled for 1990 are upgrades to the 
Thermal Infrared Multispectral and 
Calibrated Airborne Multispectral Scan
ners, completion of the Airborne Multi
spectral Pushbroom Scanners, and devel
opment of an ice detection system. 0 
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WE'RE THE FIRST AND LAST WORD IN EXTRAVEHICUlAR ACTIVITY. WITH A 

PIONEERING PAST AS NASA'S ORIGINAL PORTABLE LIFE SUPPORT SYSTEM SUPPLIER 

AND CONTINUING LEADERSHIP IN ENVIRONMENTAL CONTROL/LIFE SUPPORT 

SYSTEM TECHNOLOGY. 

WE'VE WON THREE SPACE STATION FREEDOM PORTABLE LIFE SUPPORT SYSTEM 

TECHNOLOGY CONTRACfS. DEVELOPING EFFICIENT NEW SUBSYSTEMS FOR VENTIlA-

TION, THERMAL CONTROL AND C02 REMOVAL. 

NOT ONLY HAVE WE LIVED wrrn THIS UNPRECEDENTED NEW TECHNOLOGY FOR 

SEVERAL YEARS, WE ARE THE PERFECT PARTNER TO 'IURN IT INTO HARDWARE. 
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"Inspiration happens when you try a lot of different things and eventually one of 
them works. 

It comes about by sitting around a table with people who have very different 
points of view, and all of you trying to understand each other. 

Our demonstration project for NORAD Space Command is a perfect example. 
I've got solid experience with artificial intelligence systems, but for this project, we 
needed help with statistics and data base management. So I was teamed with some of 
our St. Louis people who are specialists in those fields. 

Well, we talked and talked. It got to the point where I was drawing my ideas 
out on a board and they were drawing theirs out, too. Eventually - it took a couple of 
hours-the light came on. We found the direction we needed. 

In my work you find solutions by being open minded about what other people 
are saying - rather than assuming they're wrong and you're right. You don't get a really 
well-thought-out system any other way." -KanmMichels,Artificial lntelligence Systems EnginEer, Electronic Systems. 
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