


In space: looking back to lookiorward. 

What can the 1'lature and 
origin oj the tmivem tell t~S 
about the Juture oj Earth~ 
To help answer that 
question, we make craft and 
hlstruments Jor traveling 
billions oj miles in space 
and seeing as Jar as 15 

billion years back in time. 
Martin Marietta was the 
integrator and builder oj 
two Viking landers, which 
sent back remarkable 
photos oj the surface oj 
Mars, examined soil 
samples, and studied 
1viartian weather and 
seismic activity For the 
Voyagers we provided 
instrumentation that 

Altimeter antenna 

reported on electromagnetic 
activity near Jupiter and 
Saturn-Voyager 2 went Oil 

to Uranus, some 2 billion 
miles Jrom Earth. That was 
nine years after launch; 
next destination, Neptune, 
in 1989. These are but a 
Jew results oj Martin 
Marietta's ability to create 
survivable, mystery­
solving craft and their 
i1'15truments-Jrom concept 
through mission 
completion. 

High-gahl al1tenHa 

TmnsmH to Eorlh J 
~ D¥-D 

Orbit and orientation 

Solar panel 

Mission: map Venus . 

From orbit, Magellan's 
radar will pemtrate the 
planet's thick, gaseous 
cloud cover and send back 
photo-like images oj nearly 
90% of its surface. Our 
role: design, integrate, build 
and test the craft. 



Aperture door 

Hubble Sp-ace Telescopl. 

Viewing the infant 
universe. 

For the Hubble Space 
Telescope we are providing 
the Faint Object Spectro­
graph (FOS) , which will 
see objects up to is billion 
light-years away Since the 
universe is estimated to be -
18-20 billioH years old, 
astronomers will witness 
evef'lts close to its birth, 

Satellite The fine points of fine 
pointing. 

Beam expander 

Target motion generator-~~ii21~~~~ 

Fit1f Pointing Simulator 

Mastenninding tomorrows technologies 

Precisely controlled, space­
spanning energy delivery 
and collection systems 
create difficult pointing and 
retargeting challenges, 
which we can now 
simulate. This new lab is 
working toward the 
precision to zero in on a 
football-size object 3,000 

miles away, in support of 
the Strategic Defense -
Initiative research program. 

NlARTIN NlARIETTA 

6801 Rockledge Drive, Bethesda, Maryland 20817, USA 



Requirements Analysis 
Cadre's Unified CASE product family brings software design 
automation to the entire systems development Iifecyde, from 
requirements analysis through to product test. 
Requirements analysis extracts product function and behavior 
from fundamental system requirements. Workstation-based 
Teamwork and ADAS describe system requirements and 
evaluate tradeoffs between cost and performance. 

Winning teams depend on it. 

Design & Code 
With requirements analysis completed, project teams imple­
ment software design and program logic using Teamwork. 
Design converts directly to code using Ada and C Source 
Builders, improving consistency and product maintainability. 
Cadre's networked Unjfied CASE environment moves design 
teams quickly through the product Hfecyde to develop 
supe~ior products. 

CADREmean~ 
PathMap , PROBE, Software Analysis Workstallon , Unified CASE, Ada Source Builder, and C Source Builder are trademarks orCad 



Test & Integration 
Cadre's Unified CASE test products debug and test embedded 
software directly in target hardware. Test data automatically 
annotates original design for cumpiele traceability. 
Cadre's Software Analysis Workstation, or SAW, measures 
execution and performance of embedded software. PathMap, 
Cadre's Run-time Reverse Engineering tool , creates design­
level Structure Charts from actual code executing in target 
hardware. PROBE in-circuit emulators allow software engineers 
to operate from their own workstation platforms. 

Jnified CASE 

Ongoing Product Support 
The Unified CASE product family includes Cadre's respon­
sive customer service, specialized training programs, con­
sulting services, and ongOing product enhancements . How 
can Unified CASE improve your products? To find out 

Call (401) 351-CASE 
When critical systems need to be developed, project leaders 
call for Unified CASE solutions. Available only from Cadre. 

CADRE Cadre Technologies Inc. 
222 Richmond Street, Providence, RI 
02903 U.S.A. (401) 351 -2273 

Winning teams depend on us. 
5 Inc . Ttamwork Is a registered trademark or Cadre Technologies Inc . ADAS I a trademark or the Research Triangle Institute . Circle Reader Action No. 424 
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sAda cross-compilers 
get you there in no time. 

It's time you knew that 

"The 680XO cross-compilers are hosted on VAX, SU 3, Apollo, HP 9000/ 
300

h
l BM PS/2 , P AT, and Compag 386. The Intel cross-compiler is hosted 

on t e IBM PC ATand Compaq 386. 
In the US: Alsys, 1432 Main St., Waltham, MA 02154 Tel : (617) 890-0030 
Ext #407 
In the UK: Alsys. Partridge House

b 
ewtown Road, Henley-on-Thames. o on RG9 lEN Tel: 44r49J)579 90 

Elsewhere: Alsys. 29 Avenue de Versailles, 78 170 La Celie St. Cloud, France 
Tel: 33(1) 3918. 12.44 

Alsys, the premier Ada company, 
offers a range of powerful and 
flexible cross-compilers for all 
microprocessors in the Motorola 
MC680XO and Intel i80X86 
families* to get y'our applications 
up and runrung fast. . 

Part of the reason for this 
speed are powerful development 
tools such as AdaProbe, a source 
level debugger and program 
viewer provIding facilitIes to 
address both the execution prop­
erties of a program and its static 
structure. In aadition, there's 
support for placing8rogram 
components into R M, and the 
Alsys Multi-Library Environ­
ment allowing program units to 
be shared among libraries for 
teal!l programmmg. 

With Alsys' full line of 
cross-compilers you'll discover 
impressive flexibil ity and power. 
There's a configurable run-time 
system giving you full control 
over tasks, interrupts and all 
components of your application. 
The aebugger and transfer utility 
are configurable. Best of all, it's 
easy to take advantage of all this 
power because there are only a 
lew files to modify. 

When you need to get from 
here to there without getting lost 
somewhere in between, use a 
cross-compiler that knows the 
shortest route. 

AdaNow. 
~heckbox~thatint;;t~u-.----------------- NTBW89~ 
o Please send me a Techmcal Summary on the Motorola MC680XO 

I cro s-compi lers. I o Please send me a Technical Summary on the Intel i80X86 cross-compilers. I 0 Please send me a copy of your " Many Facets of Guality" brochure. I 
ame ____________________________________ __ 

I ~~ I 
I City State Zip I 

Phone ( ) 
~a_i1_to_: A_ls_ys_, 1_43_2 _M_ain_S_t. ,_W_al_th_am_, M_ A_ 0_2_15_4 _________ =.J 
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What looks like a batch of multicolored ribbon Is actually a 
computerllenerated model of the human PNP enzyme. 
Analysis of the enzyme's complex structure wl/l aid 
researchers In creating ant/~ancer agents. For more on 
molecular modeling, turn to page 14. 

DEPARTMENTS 
On The Cover: A computer 
simulation of the molecule 
serum albumin, the most 
abundant protein In the 
human circulatory system. 
The red spheres represent 
the binding locations of 
aspirin (top) and dlazaplne 
(bot1om). Knowing the 
molecule's architecture 
may enable pharmaceutical 
companies to develop 
Improved disease-fighting 
drugs. See page 14. (Photo 
courtesy NASA) 
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for col,d-l'IOIlE!G 
duced to one-half the thickness 
tolerances allowed by ASTM and 
AMS specifications. And this 
extra performance is yours at no 
extra charge. In fact, you should 
save money! 
Your benefits are significant and 
immediate. In manufacturing 
operations such as stamping and 
forming, less variation in thick­
ness means a more consistent, 
predictable product. Piece weight 
can be reduced without jeopar­
dizing minimum design tbckness 
simply by ordering material to the 
lower half of the normal allow­
able thickness tolerance. Cost is 

aerospace 
applications, the weight reduction 
allows additional benefits in 
greater payload or increased fuel 
efficiency. 
Find out more about this new 
half-tolerance standard product 
offered by Inco Alloys International, 
Inc. Contact our nearest sales 
office or local distributor. Or 
write Inco Alloys International, 
Inc., Huntington, West Virginia 
25720. FAX (304) 526-5441. 

Sheet distributors in the USA: Castle 
Metals, Metal Goods, and Williams & 
Co. In Canada: Atlas Alloys and 
Drummond McCall, Inc. 

A INCO ALLOYS 
.. INTERNATIONAL 
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Technology so 
tough it won't put 
a dent in your 
plane designs. 

New Damage-Tolerant Composites 
Superior Impact Resistance. Excellent pro­

tection against impact is just one of the many 

toughness advantages of our new proprietary 

epoxy/carbon fiber prepreg systems. These 

systems, ERL -1982 and ERL -1983, also offer 

increased mechanical strength and extremely 

high resistance to corrosion and chemical 

attack. 

Higher Temperature Capabilities. New 

thermoplastic material systems also allow you 

to design to the higher temperatures which 

tomorrow's aircraft will require. Prep regs 

based on Amoco's Radel® polyarylsulfone res­

ins and amide-imide resins can be used in 

applications where temperatures range from 

3250 F to 3750 F. 

Rapid Processing Advantages. Our Radel­

based prepregs offer breakthrough proper­

ties beyond their outstanding damage toler­

ance capabilities. Radel prepregs can be fully 

consolidated using low-cost fabrication tech­

nology. They require no refrigeration, are 

reformable, and process scrap is usable. 

Domestic Strength. Both our thermoplastic 

and thermoset Thornel® Advanced Compos­

ite Systems are produced in all stages at 

Amoco's Greenville, S.c., plant. They are 

manufactured using Thornel carbon fibers, 

the only totally domestic PAN sold in the U.S. 

today. Call us. Ask us questions. The earlier 

you involve us the more we can help. You can 

rer1ch A.moco Performance Products Cus-

tomer Service at 1-800-222-2448. 

We can help make it much tougher for any­

one to throw a wrench into your best laid 

plans. 

THE ALL-AMERICAN SOLUTION 

l~ 
.. T& 
AMOCO 
~I. 

Amoco Performance Products 
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FROM COPPER TO FIBER, 
COVERTHEFREQUENCYRANGE 

FROM 700 MHz TO 8 GHz ••• 



AND BEYOND. 

;.~~-......... range of pattern 
iiII1rdl.ra·jmd receivers that cover 1 MHz 

and beyond, manual or full 
control. 

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

~-­_..-.v, 1CI"\IGa.. 

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

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

IInritsu 
Circle Reader Action No. 492 ~~------------------------------~~ 



NASA scientists have unraveled 
one of the human body's great 
mysteries. Using a technique 

called x-ray crystallography, research­
ers at NASA's Marshall Space Flight 
Center have uncovered the three-di­
mensional structure of human serum 
albumin, the principal protein of the 
blood plasma. Their discovery may 
lead to the development of novel drugs 
to combat cancer, sickle cell anemia, 
and a host of other diseases. 

Compiling images from hundreds of 
individual x-ray diffraction experi­
ments, Marshall researchers identified 
the protein as an ellipsoidal molecule 
containing six bundles of intertwining 
spirals of amino acids. The 3D model 
will help scientists to understand 
serum albumin's intricate workings. 
Besides regulating osmotic blood 
pressure, the protein binds and trans­
ports a variety of substrates in plasma, 
including calcium, copper, fatty and 
amino acids, hormones, and a wide 
spectrum of therapeutic drugs. 

" People have traditionally thought 
of serum albumin as being a very 
sticky molecule that other substances 
just randomly adhere to," said crystal­
lographer Dr. Daniel Carter, leader of 
the Marshall research team. "Our work 
has shown, however, that binding 
occurs only in discrete pockets within 

14 

the molecule. Many compounds, in­
cluding common aspirin , are trans­
ported inside just two of the mole­
cule 's bundles: the first and the fifth ." 

Knowing where and how substrates 
bind on the molecule will enable phar­
maceutical companies to alter the 
metabolism of drugs so they may be 
more efficiently carried by serum 
albumin through the circulatory sys­
tem. Many existing drugs are ineffec­
tive because their molecular struc­
tures either fail to bind or bind too 
tightly with the protein. 

Examples of the latter include drugs 
designed to treat sickle cell anemia. 
Such drugs show promise in the test 
tube but cannot elude serum albu­
min's grasp, said Carter, who is work­
ing with Nobel prize-winning chemist 
Max Perutz to analyze the binding sites 
of these drugs to the protein. 

The structural studies could also 
help in creating new blood substitutes, 
according to Carter. " Serum albumin 
is a very big molecule," he explained. 
" If you can determine its chemically 
active regions, you might be able to 
engineer a smaller, more stable syn­
thetic version of the protein." 

Crystal-Clear Images 
To visualize serum albumin's mole· 

cular architecture, scientists placed 

single protein crystals in an x-ray beam 
and created diffraction patterns. Anal­
ysis of such a pattern is analogous to 
using a powerful microscope, except 
the image is developed with compu­
ters and graphics programs instead of 
lenses. 

Past attempts at mapping the mole­
cule were thwarted because research­
ers could not grow crystals pure or 
large enough for analysis. " It takes a 
good deal of trial and error, not to men­
tion luck, to achieve high-quality 
crystals," said Carter. Slight changes 
in pH, ionic strength, temperature, buf­
fer type, dielectric constant, and many 
other factors can hinder growth of the 
delicate crystals. 

" Imperfect crystals-those with in­
ternal disorder-blur the images 
created from them," Carter said, "mak­
ing it extremely difficult to obtain ac­
curate coordinates." 

Marshall scientists were able to pro­
duce batches of large, uniform crys­
tals using a vapor diffusion process, in 
which droplets of protein containing 
concentrations of precipitant slightly 
below that needed to render the pro­
tein insoluable are placed over reser­
voirs with higher precipitant concen­
trations. The droplet then slowly equil­
ibrates with the reservoir through the 
vapor phase. The process is typically 
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This stereo image shows the con­
voluted flow in one section of the 
serum albumin molecule. A binding site 
for salicylic acid (aspirin) Is Illustrated 
by the diamond shapes. 

used for screening many different con­
ditions by placing the protein droplets 
on siliconized coverslips, which are 
then inverted (to give hanging drops) 
and positioned over small reservoirs in 
multi-chamber plates. 

The Next Step 
Carter's group has successfully 

mapped the protein's structure to a 
resolution of six angstroms, providing 
an image with enough detail to extiact 
information about individual mole­
cules. Their next step will be to refine 
the resolution to three angstroms us­
ing highly pure crystals grown in space 
aboard the shuttle Discovery. The 
sharper images will help identify the 
chemical mechanisms at work in each 
molecular bundle, a process expected 
to take up to two years. 

" Most of the hard work is behind 
us," Carter said. "Now that we know 
how to obtain this resolution, it's a 
matter of systematically refining the 
details. But scientists will be studying 
applications for the protein molecule 
for a long time." 0 
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Crowing Crystals 
In Space 

T housands of distinct proteins 
are present and essential in all 

forms of life. They enable biological 
organisms to form, grow, repair 
tissue, reproduce, and fight dis­
ease. Each protein is a specific ar­
rangement of amino acids, and the 
work each performs is determined 
by its structure. 

It is through sophisticated analy· 
sis of a protein in crystallized form 
that scientists are able to construct 
a model of its molecular architec­
ture. The problem is that protein 
crystals grown on Earth are often 
small and flawed, making structural 
analysis difficult if not impossible. 
Crystal growth experiments flown 
on six Space Shuttle missions, in­
cluding the March 1989 Discovery 
mission, have shown promising 
evidence that superior crystals can 
be obtained in the microgravity en­
vironment of space. 

" Earth-grown protein crystals 
tend to sink to the bottom of 
the medium in which they are im­
mersed," explained Dr. Charles 
Bugg, Director of the University of 
Alabama·Birmingham (UAB) Center 
for Macromolecular Crystallogra­
phy. "This clumping prevents them 
from being bathed equally on all 
sides by the growth solution, and 
often the result is distorted or im­
perfect crystals. The zero-gravity 
of space eliminates this problem 
since the weightless crystals are 
suspended in drops of growth solu­
tion . In addition, zero-gravity con­
trols solution turbulence that can 
interfere with uniform crystal 
growth." 

Upon return to Earth , space­
grown crystals are rushed in tem­
perature-controlled housings to 
laboratories, where researchers use 
computer techniques to analyze 
their molecular structures and func­
tions. This information can help 
scientists devise ways to influence 
protein functions and to create 
" designer" drugs for pharmaceuti­
cal and biochemical purposes. 

Human serum albumin crystals 
have been grown twice in space, 
most recently during shuttle mis­
sion STS-26 last September. Other 
proteins produced aboard the shut­
tle include the enzyme reverse tran­
scriptase, a chemical key to the 
replication of the AIDS virus; gam­
ma interferon, a protein that stimu­
lates the body's immune system to 
fight disease; renin, an enzyme pro­
duced by the kidneys that plays 
a major role in the chemical reac-
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Astronaut George Nelson 
photographs protein crystal 
growth experiments aboard the 
Space Shuttle Discovery In 
September, 1988. 

tion controlling blood pressure; 
and phospholipase A2, a protein 
found in the venom of cottonmouth 
snakes that can help control pain 
and inflammation. 

Several experiments have fo­
cused on proteins associated with 
the degradation of lung tissue in 
emphysema patients, and on en­
zymes that could lead to more po­
tent fungicides for the treatment of 
crop diseases such as rice blasts. 

Research is conducted under the 
auspices of UAB's Center for 
Macromolecular Crystallogra­
phy-one of NASA's Centers for 
the Commercial Development of 
Space-in concert with the Mar­
shall Space Flight Center and vari­
ous pharmaceutical, biotechnology, 
and agrichemical companies. 0 

Computer-generated picture displays a 
cross-section of a serum albumin 
crystal. One side of each square Is a 
molecule of the protein. The photo was 
taken by x-raying the crystal and 
recording a projection of Its electron 
density. By stacking several photos, 
seluniisis can build a 3D model of the 
Individual molecules. 



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

prlata section In this Issue. If you 
are Interested In developing a 
product from the .. or other NASA 
Innovations, you can receive fur· 
ther technical Information by r. 
questing the TSP referenced at 
the end of the full· 

length article or by writing the 
Technology Utilization OffIce of 
the sponsoring NASA center (see 
pege18). NASA's patent-llcenslng 
program to encourage commer· 
clal development Is described on 
page 18. 

Compact Apparatus Grows 
Protein C:rystals protein crystals. The apparatus and the 

technique for growth are based on the 
hanging-drop method for the crystallization 
of macromolecules. (See 100). 

Making Submicron 
C:oSi2 Structures on 
Silicon Substrates A laboratory apparatus provides a deli­

cately balanced combination of materials 
and chemical conditions for the growth of 
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3-day delivery on 
prototype rubber parts ... 

that's the Syntex you. 
Need prototype rubber parts in a jiffy? 
Call your fast friends at Syntex. We 
design and manufacture stamped and 
molded rubber parts in any material. 
We' ll work from a blueprint or sketch 
to provide prototype samples. Our 
personal attention and design review 
capability assure highest quality. With 
one day cost estimates! For proto­
type parts or for orders of any size at 

etitive prices, call now 
assistance. Or send for. 

catalog. • 

~SVNTEX 
RUBBER C ORPORATION 

938 Crescent Avenue, Box 4006 (595E) 
Bridgeport, CT 06607 (203) 367-8469 
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An experimental fabrication process 
makes submicron-sized structures of sin­
gle-crystal metallic CoSi2 on silicon sub­
strates. By the use of CoSi2 structures as 
electron-beam resists, it may be possible 
to achieve dimensions smaller than those 
achievable by photoresist techniques. (See 
page 105). 

Using Inorganic Crystals To 
Grow Protein Crystals 

Tests with 50 inorganic substrates have 
shown that inorganic crystals can be used 
as nucleants or substrates for growing pro­
tein crystals. This process promises to 
make the growth of protein crystals more 
easily controllable, more reliable , and 
more reproducible. (See page 124). 

Robotic Tool for Tightening 
and Cutting 

A robot end effector is designed for 
tightening tube couplers and for cutting 
tubes. It can be used as a hand tool for 
assembling truss structures for buildings 
and oil rigs and in place of a pipe wrench in 
plumbing work. The tool is operable by sim­
ple movements. (See 98). 

Paraboloidal Antenna 
Radiates Fan or 
Pencil Beams 

Experiments have shown that the same 
paraboloidal antenna reflector can be 
used to radiate a pencil beam or fan beam, 
depending on the configuration of the feed. 
The far-field radiation pattern of a parabo­
loidal reflector illuminated by a linear-array 
feed antenna is wide in the one plane and 
narrow in a perpendicular plane. (See 24). 

Test Structures for Bumpy 
Integrated Circuits 

An improved combination of test struc­
tures built into an integrated circuit is used 
to evaluate design rules, fabrication proc­
esses, and the quality of interconnections. 
Electrical measurements of the test struc­
tures are processed by a computer. Both 
aluminum and polycrystalline silicon inter­
connections can be evaluated. (See 20). 
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of NASA's Technology Utilization Network are considered, 
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Officer (TUO) and a Patent Counsel to facilitate technology transfer between NASA and the private sector. 
If 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. 

Am.s Res •• rch Ctr. 
Technology Utilization 
Officer: Laurance Mllov 
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 
l.wls Rese.rch C.nt.r 
Technology Utilization 
Officer: Harvey 
Schwartz (acting) 
Mail Stop 7·3 
21000 Brookpark Road 
Cleveland, OH 44135 
(216) 433·5567 
Patent Counsel: 
Gene E. Shook 
Mail Code 301-6 
21000 Brookpark Road 
Cleveland, OH 44135 
(216) 433-5753 

John C. Stennis 
SpK. Cent.r 
Technology UtilizatIon 
Officer: Robert M. 
Barlow 
Code HA-32, Bldg.ll03 
Stennis Space Center, 
MS 39529 
(601) 688-1929 
John F. Kennedy 
Spece Center 
Technology Utilization 
Officer: Thomas M. 
Hammond 
Mail Stop PT·PMO·A 
Kennedy Space 
Center, FL 32899 
(407) 867-3017 
Patent Counsel: 
James O. Harrell 
Mall Code PT·PAT 
Kennedy Space 
Center, FL 32899 
(407) 867-3017 

langl.y R.s •• rch 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 Spac. flight 
C.nt.r 
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: COSMIC~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: COSMI~ 382 
East Broad Street, Athens, GA 30602 John A. Gibson, Dir., (404) 
542-3265 

18 

J.t Propulsion lab. 
NASA Resident Office 
Technology Utilization 
Officer: Gordon S. 
Chapman 
Mall 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 
Mall Stop 156·211 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354·2240 

G_rg. C. M.rsh.1I 
Spac. flight Cent.r 
Technology Utilization 
Officer: Ismail Akbay 
Code ATOI 
Marshall Space Flight 
Center, 
AL 35812 
(205) 544·2223 
FAX (205) 544·3151 
Patent Counsel: 
Bill Sheehan 
Mail Code CCOI 
Marshall Space Flight 
Center, 
AL 35812 
(205) 544-0021 

lyndon B. Johnson 
SpK. C.nt.r 
Technology Utilization 
Officer: Dean C. Glenn 
Mall Code IC-4 
Houston, TX 77058 
(713) 483·3809 
Patent Counsel: 
Edward K. Fein 
Mail Code AL3 
Houston, TX 77058 
(713) 483·4871 
NASA H •• dqu.rt.rs 
Technology Utilization 
Officer: Leonard A. Ault 
CodeCU 
Washington, DC 20546 
(202) 453·8377 
Assistant General 
Counsel for Patent 
Matters: Robert F. 
Kempf, Code GP 
Washington, DC 20546 
(202) 453·2424 

If You Have a Question ... NASA Scientific & Technlcallnfor· 
matlon Facility 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 Scl.ntlflc .nd Technlc.llnform. 
tlon FKlllty, Technology Utilization Office, P.O. Box 8757, Baltimore, 
MD 21240-0757. Walter M. Heiland, Manager, (301) 859·5300, Ext. 242, 
243 

NASA Tech Briefs, September 1989 



More Versatility from DuPont. 
With DuPont's 2970 DEA: you can quickly and conveniently 

explore physical properties and processing trends in a laboratory envi­
ronment on a wide range of samples. From thick composites to thin films. 
Liquids to pastes. 

And within the range of samples, you can analyze bulk or surface 
properties over wide temperature and frequency ranges. With results 

AnaiYl'£rjealiiUEs that are accurate, precise, quantitative and reprod~cible. 
The key to the 2970 DEA's versatility is its three disposable, interchangeable sensors­

parallel plate, ceramic single-surface and remote single-surface sensors** deliver data that's 
complementary to data from DMA and DSC analyses. 

For complete specifications on the extraordinarily rQlU P 0 N~l 
versatile 2970 DEA, and DuPont's complete line of ~ I.Y 
thermal analyzers, call 1-800-527-2601. Or write DuPont "~US ... -raTM()ff 

at Room G-50994, Wihnington, DE 19898. Dielecbic Analysis 
*The DEA mcorporates technology licensed to Du Pont by Micromet Instruments, Inc., Cambridge, MA 

*"The remote singJe-surlace sensor is a product of Micl'Ometlnstruments, Inc., Cambridge, MA Circle Reader Action No. 470 © l989DuPontCompany 



~I 
Electronic Components and Clrculls 
Hardware Techniques, and 
Processes 

26 SQUID With Integ rei Flux 
Concentretor 

Books and Reports 

20 Test Structures for Bumpy 
Integrated Circuits 

28 Simple Muhlplexlng Hend­
Held Control Unit 

32 R.dletlon Demeges In 
Advenced Blpol.r 
Tr.nslstors 

24 Per.bololdel Antenn. 
R.dl.tes F.n or Pencil 
Beems 

28 Honeycomb-FIn Heet Sink 
30 Single Electrode Would 

Control Cherge-Coupled 
Device 

Test Structures for Bumpy Integrated Circuits 
~~ Cross-bridge resistors are added to comb and serpentine patterns. 

NASA 's Jet Propulsion Laboratory, Pasadena, California 
An improved combination of test struc· 

tures built into an integrated circuit is used 
to evaluate design rules, fabrication proc­
esses, and the quality of interconnections. 
Electrical measurements of the test struc-

Comb~ 

Polycrystailine 
Silicon 

tures are processed by a computer to de­
termine whether interconnections thin ex­
cessively, break, or short-circuit as they 
pass over bumpy circuit elements on the 
surface of the integrated'circuit chip. Both 

Serpentine 

DETAIL OF ALUMINUM CROSS BRIDGE 

Figure 1. Test Structures consist of meshing serpentines and combs, and a cross bridge. 
These structures are used to make electrical measurements that reveal defects in the 
design or fabrication. 
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aluminum and polycrystall ine silicon inter­
connections can be evaluated. 

The combination of test structures in· 
cludes three comb arrays, two serpentine 
arrays, and a cross bridge (see Figure 1). 
The test structures are made of aluminum 
or polycrystalline silicon, depending on the 
material in the integrated-circuit layers to 
be evaluated. Aluminum combs and ser­
pentine arrays are deposited over steps 
made by the polycrystalline silicon and dif­
fusion layers, while polycrystalline silicon 
versions of these structures are used to 
cross over steps made by the thick oxide 
layer (see Figure 2). 

Measurements are taken by computer­
controlled testing equipment that includes 
a current source, a differential voltmeter, 
and a power supply. Measurements taken 
on the cross bridge are used to determine 
the widths of the lines in the serpentine ar­
rays. Previous optical and electrical meas­
urements have shown that the width of a 
line tends to change where it crosses a 
step, and accurate values of width are 
needed to produce accurate evaluations. 
Measurements on the cross bridge are 
also used to determine the sheet resist­
ance of the aluminum or polycrystalline 
silicon interconnection material. 

To detect inadequate coverage of steps 
caused by the thinning of lines, the system 
forces a current along the serpentines -
500 ,.,A for aluminum and 1 ,.,A for polycrys­
talline silicon - and measures the voltage 
drop. From the known current and the 
measured voltage drop, the system calcu­
lates the resistance of the serpentine. 
From the calculated resistance and from 
the average width of the lines and the sheet 
resistance determined previously from 
measurements on the cross bridge, the 
system computes the effective length of 
the serpentine. If this length is more than 
150 percent of the nominal length, the sys­
tem considers the serpentine to have ex­
cessive resistance and labels the affected 
area of the circuit chip as having defective 
coverage of steps. Similarly, if a serpentine 
line is broken at any point, it carries no cur­
rent, causing the system to detect an open 
circuit and to label the area as defective. 
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t~re we also talking Z80® microprocessor, 
disk controller and 82CXX functions?" 

"Yep. Into a single plastic flat pack~' 

"Do you realize what this means?" 
"Yeah. we can have the smallest system footprint on 
the market~' 

"Fantastic! Let's get them in here today:' 

Through Toshiba's 1.2m Megacell ASIC technology, called 
Super Integration, an entire system can be put on a single chip. In 
fact, one or two Megacell ASICs are enough to create all the logic 
for an entire PC system. 

I 

Toshibas patented Super Integration technology utilizes 
off-the-shelf LSI functions together with standard cell logic to 
form the most highly integrated megacell circuits. And each 
megacell is time-tested and benchmarked to meet compatibili~' 
requirements of complex LAN software and BIOS. These circuits 
can be extremely cost-effective since they can be delivered in any 
of a series of advanced surface mount flat packs ranging from 100 
to 184 pins. 

o other company today can match the level of integration 
available through Toshibas Megacell ASIC technology, because 
Toshiba has the most e).1ensive library: the Z80® family, the 
Intel® family, CRT controllers, LCD drivers, UARTs, analog circuits, 
RAM and ROM, and more. And Toshibas experience in Megacell 
ASICs is unequalled in the industry. Toshiba has been delivering 
millions of Megacell ASICs since 1984, yielding the highest 
production maturity. 

For complete information on how Toshibas MegaceU ASIC can 
help you clear your desk, call 1-800-888-0848 ext. 517 today. 
Service is our key component. 
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To test for short circuits, the system sup­
plies a constant 5 volts between the ser­
pentine and the comb and measures the 
leakage current between them. If the leak­
age is greater than 10 nA, the layers are 
considered short-circuited, and the site is 
labeled as faulty. 

The system presents its measurements 
in four ways: 
1. It draws a map that shows the locations 

of defective test structures on the chip. 
2. It generates a histogram of the effective 

lengths of the serpentines. 
3. It prints out statistical information on the 

widths of the lines, the sheet resistances, 
and the resistances and effective lengths 
of the serpentines. 

4. The characteristic number of elements 
per type of defect (short or open circuit) is 
calculated on the basis of Poisson distri­
butions of defects and least-squares fits. 
This work was done by Martin G. 

Buehler and Hoshyar R. Sayah of Caltech 
for NASA's Jet Propulsion Laboratory. 
For further information, Circle 141 on the 
TSP Request Card. 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 

Silicon 

Figure 2. The Test Structures of Figure 1 are shown here in magnified cross-sectional views. 

license for its commercial development 
should be addressed to the Patent 

Counsel, NASA Resident Office-JPL [see 
page 18]. Refer to NPO-17393. 

Paraboloidal Antenna Radiates Fan or Pencil Beams 
~JThe shape of the beam is determined by the type of feed. "'21 0 off axis, "'50 wide in the plane of the 

array, and "-'0.450 wide in the perpendicu­
lar plane. NASA's Jet Propulsion Laboratory, Pasadena, California 

The experiment showed that fan beams 
can be generated in this way and are not 
seriously distorted by the feed offsets 
tested. The experiments also showed that 
because the reflector is in the near field of 
the feed, the fan beam is not necessarily 
focused by placing the feed at the focal 
plane. Pending a more-complete theoreti­
cal analysiS, it is necessary to find the op­
timum location for the feed by experimen­
tation. 

Theory and experiments show that the 
same paraboloidal antenna reflector can 
be used to radiate a pencil beam or fan 
beam, depending on the configuration of 
the feed. Usually, a paraboloidal reflector is 
fed by a low-gain antenna or waveguide 
horn that acts as an approximate point 
source; such a feed illuminates the parabo­
loid fairly evenly, giving rise to a pencil­
shaped (that is, circularly symmetrical 
about, and sharply pointed in, the forward 
direction) beam with side lobes. 

Although a pencil-shaped beam is de­
sirable in many applications, a fan-shaped 
beam is preferred in some scanning-radar 
and mapping-radar systems. One can use 
the approximate Fourier-transform rela­
tionship between the near-field pattern of 
the feed radiator and the far -field pattern of 
the overall antenna to make a preliminary 
selection of the feed pattern and, there­
fore, of the feed radiator that is likely to pro­
duce the desired fan-shaped far-field pat­
tern. For example, a linear array of dipole 
radiators feeding a reflector would be ex­
pected to generate a far-field pattern that 
has approximately constant intensity over 
a wide angle in the plane of the array and a 
narrow pattern like that of a pencil beam in 
the plane perpendicular to the array (see 
figure). 

An experiment was performed with a 
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paraboloidal reflector that had a focal 
length of 48 in. (1. 22 m) and a diameter 9f 
3.65 m. The reflector was illuminated at a 
frequency of 13.6 GHz, first by an 8-€le­
ment microstrip linear array, the center of 
which was placed 13 in. (33 cm) off axis 
and 2.9 in. (7.4 cm) outward from the focal 
plane, then by a 16-element microstrip 
linear array, the center of which was placed 
18.3 in. (46.5 cm) off axis and 4.7 in. (11.9 
cm) outward from the focal plane. In the 
first case, the beam was turned "'150 off 
axis, "'3.50 wide in the plane of the array, 
and "'0.50 wide in the perpendicular plane. 
In the second case, the beam was turned 

This work was done by John Huang of 
Caltech for NASA's Jet Propulsion lab­
oratory. For further information, Circle 76 
on the TSP Request Card. 
NPO-17503 

Linear-Array Antenna 

Radiated Fan 
Beam 

The Far-Field radiation pattern of a paraboloidal reflector illuminated by a linear-array feed 
antenna is wide in one plane and narrow in a perpendicular plane. 
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SQUID With Integral Flux Concentrator 
l'~ A slotted superconducting disk concentrates magnetic flux from an external coil. 

Marshall Space Flight Center, Alabama 

In an improved superconducting quan­
tum interference device (SQUID), a change 
in the size and shape of the superconduct­
ing ring improves coupling to the external 
signal coil and eases coil-positioning 
tolerances. The new device is more rug­
ged and easier to manufacture than are 
conventional SQUID's with comparable 
electrical characteristics. SQUID's can be 
used in magnetometers, ammeters, ana­
log·to-digital converters, and related elec­
tronic applications in which high signal·to­
noise ratios are required . . 

A radio-frequency SQUID comprises a 
low-inductance, strongly superconducting 
loop interrupted by a Josephson junction. 
The improved SQUID has a larger, washer· 
shaped, superconducting loop instead of 
the usual tiny ring-shaped loop (see figure). 
The small size of the central hole maintains 
the required low inductance. Currents in­
duced in the superconductor by the mag­
netic field of the signal coil exclu(f'.~ the 
magnetic field of the coil from the super­
conductor (Meissner effect). Thus, the 
magnetic field becomes concentrated into 
the SQUID loop, and the coil and the 
SQUID are coupled tightly. 

The position of the coil is not critical: the 
coil need only surround the central hole 
and lie entirely on the superconducting 
disk. Other ~oupling devices that were 
tried proved difficult to fabricate and align. 
These included integral, multiturn coils 
fabricated directly over the SQUID loop or 
slotted superconducting cylinders wound 
with the signal coil and shaped to concen­
trate the magnetic flux inside the SQUID 
loop. 

The SQUID could be made with any of 
various types of Josephson junctions. The 
variable-thickness (notched) junction has 
been used successfully. However, a novel, 
single-step, single-material junction called 
the "step-fu!,)ction junction" has advan­
tages over junctions that include very thin 
insulators or other dissimilar materials. The 
step-function junction is relatively easy to 
fabricate. It also provides an effective ge­
ometry for creating the short, narrow, junc­
tion region, the "weak link" that provides 
the phase shifting in the wave function of 
the supercurrent. It performs this function 
over a range of temperatures larger than 
that of other junctions. The step-function 
junction is quite rugged because it is less 
subject to electrical breakdown and gal­
vanic corrosion than are other types of 
junctions. 

This work was done by Palmer N. Peters 
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Magnetic Flux 
Concentrated 

Through Interior 
Hole, Which Is 

the SQUID Loop 

Shielding Current 
Induced In 

Wires to Input/Output 
of Standard Radio-Frequency 
SQUID Electronics 

NEW: SQUID LOOP WITH FLUX CONCENTRATOR 

OLD: SQUID LOOP WITHOUT FLUX CONCENTRATOR 

The Thln·Fllm Superconductlng Flux Concentrator (above) utilizes the Meissner effect to de­
flect the magnetic field of the signal coil into the central hole of the SQUI D. I n the absence of 
a flux concentrator (below), coupling between the coil and SQUID would be weak because 
relatively little of the flux would be intercepted by the SQUID loop. 

and Robert C. Sisk of Marshall Space 
Right Center. For further information, Or­
cle 18 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, Marshall Space Flight Center 
[see page 18]. Refer to MFS-28282. 
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Simple Multiplexing Hand-Held Control Unit 
~J The circuit contains only switches and res istors and requ ires only two connect ing wires . 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A simple analog multiplexing concept 
makes it possible to combine signals from 
a hand-held control unit so that they can be 
fed to a robot-control computer over a 
single pair of wires. The control unit con­
tains no active electronic components. 

The multiplexer consists of a series of 
resistors, each of which is shunted by a 
single-pole, single-throw switch (see fig­
ure). The user operates the switches by 
pressing buttons or squeezing triggers -
for example, to control such robot func­
tions as grasping, releasing, locking posi­
tion, and emergency stopping. The value of 
each resistor is the double (or some other 
convenient multiple) of the value of its pred­
ecessor in the series. 

Analog-to­
Digital 

Converter 

Connecting 
Wires 

+5Vo----.---V~-' 

HAND·HELD CONTROL UNIT 

A source supplies a constant current to 
the series of resistors. The voltage across 
the series varies according to the number 
of switches that are closed and their posi­
tions in the series. Each pattern of switch 
closures created by the operator produces 
a unique voltage at the terminal of an ana­
log-todigital converter to which the control 
unit is connected. The associated control 
computer interprets the output of the ana­
log-to-digital converter in terms of the con­
figuration of the switches. 

L _____________ -,y~-------------J) 

Current Source 

The Voltage at the Input of the analog-to.<Jigital converter varies with the number and loca­
tion of closed switches in the hand-held controller. 

A prototype of the multiplexer that in­
cludes three switches has been operated 
successfully in over 200 hours of system 
operations. The number of switches that 
can be accommodated is determined by 
the signal-to-noise ratio of the current 
source, the noise induced in the control 
unit and cable, and the number of bits in 
the output of the analog-to-digital con-

verter. Because many computer-con­
trolled robots have extra analog-todigital 
channels, such a multiplexer can be added 
at little extra cost. 

This work was done by Blake Hannaford 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Orcle 
124 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 

Honeycomb-Fin Heat Sink 

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-17308, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 

This strong, lightweight part increases the effectiveness of forced-air cooling . 

NASA's Jet Propulsion Laboratory, Pasadena, California 
An improved finned heat sink for elec­

tronic components is more lightweight, in­
expensive, and efficient than conventional 
extruded-fin heat sinks. Designed for use 
with forced air, the heat sink can be easily 
scaled up to dissipate power up to a few 
hundred watts. 

Although extrusion is an economical 
fabrication process, it yields fins that are 
thicker and more widely spaced than they 
should be for optimum transfer of heat. Ex­
truded fins are about 10 times as heavy as 
optimized fins need be. An alternative to 
forced-air cooling with finned heat sinks is 
cooling by liquids flowing through internal 
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channels in heat sinks. However, in compar­
ison with forced-air systems, liquid cooling 
systems are more complicated, more ex­
pensive, and less reliable, and they need 
more maintenance. 

In the new heat sink, the fins are the in­
ternal walls of an aluminum honeycomb 
structure (see figure). The honeycomb is 
made by an inexpensive process: sheets of 
aluminum are painted with stripes of ad­
hesive, bonded together, and then expand­
ed into hexagonal cells in the nonbonded 
sections. The process is a standard one 
that has been adapted to heat sinks by use 
of wider adhesive stripes, sheets that are 

thicker in proportion to the height of the 
cells, and a low ratio of width to height 
period of the cells (about 5 percent). 

Instead of expanding bonded flat sheets 
of aluminum, the fins can be made by 
bonding corrugated sheets. Air flows easily 
through the channels created by the peaks 
and valleys of the corrugations, and, be­
cause of the large number of bonding 
points, the structure is strong. 

Air flowing through the cells removes 
heat from the aluminum. The cells can be 
readily fabricated with dimensions in the 
optimum range for heat transfer: a sheet 
(or fin) thickness of 0.003 to 0.008 inch 
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VIEW ALONG CHANNELS 
DEFINED BY FINS 

Airflow 

SIDE VIEW OF CHANNELS DEFINED 
BY FINS 

(0.076 to 0.203 millimeter) and a cell width 
(or fin spacing) of 0.020 to 0.050 inch (0.51 
to 1.27 millimeters). These dimensions are 
far below the limits of extrusion. 

The honeycomb structure is bonded to 
a top plate by a metaJ.filled epoxy or other 
heat-<:Onductive adhesive, and the heat­
generating electronic component is mount­
ed on the top plate. For added rigidity and 
strength, the honeycomb may be placed in 
a slotted bottom plate. 

A blower draws air through a port in the 
heat sink. The airflow dMdes in two after 
entering the port, passing through cells on 
both sides of the port. A single blower may 
be used for many heat sinks. The air flows 
nearly uniformly to all cells. The heat sink, 
therefore, cools nearly as effectively at its 
ends as it does near its center, no matter 
how many columns of cells are combined. 

This work was done by Wally E. Rippel of 
Caltech for NASA's Jet Propulsion lab­
oratory. For further information, Orc/e 62 
on the TSP Request Card. 

In accordance with Public Law 9&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 

Honeycomb Cells Form Channels that guide air through a heat sink. The cell structure gives 
strength to the thin aluminum foil of which It Is made. The length of the channels can be 
chosen for thermodynamic efficiency; columns of cells can be combined In any reasonable 
number because flowing air Is distributed to all. 

Refer to NPO-17198. volume and number 
of this NASA Tech Briefs issue. and the 
page number. 

Single Electrode Would Control Charge-Coupled Device 
Space would be saved and interelectrode short circuits eliminated. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A proposed virtual-phase, interline-trans­

fer, charge-coupled device would use a 
single gate electrode to control both the in­
terline and intraline transfer of charge. The 
present version contains two control elec­
trodes: one to transfer charge betv.leen the 
photosites and the shift register, another to 
transfer charge along the shift register. The 
contemplated changes in design would 
eliminate the vulnerability of the present 
version to electrical shorts between the 
control electrodes and increase the overall 
quantum efficiency of the device by elimi­
nating the nonphotosensitive area required 
for the separation of the electrodes. 

Figure 1 illustrates a portion of a buried­
channel, linear, virtual-phase, interline­
transfer, charge-coupled device according 
to the new concept. The control electrode 
includes gate-transfer (GT), charge-barrier 
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(CB), and clocked-well (ON) regions that 
differ from each other in their concentra­
tions of dopants. The portion of the shift 
register not in contact with the electrode 

also contains differentially-doped virtual­
well (VW) and virtual-barrier (VB) regions. 

Charge would be transferred along the 
shift register when the voltage on the con-

Channel Stop 

Control 
Electrode 

Photo site Photoslte Photoslte 

======~==~~~======~ 
} 

Shift 
Register 

Figure 1. The Voltage on the Single Control Electrode would be varied to transfer charge 
from the photosltes to the shift register, or else along the shift register. The two kinds of 
transfer would be Independent of each other. 
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Klinger's DCS750 Motor 
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Equipped with both 
RS-232-C and IEEE-488 
ports, the DCS750 interfaces 
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panel controls to enhance 
performance. A command 
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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
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are programmable, pre­
served and automatically 
restored after power-up 
or reset. 

TIlE VERY BEST IN 
PROGRAMMING. 

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

And an on-board editor 
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ment and debugging 
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Search function. 
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trol electrode is alternated between the 
gate potentials A and B shown in Rgure 2. 
Hcmever, when the potential on the control 
electrode is raised to C, charge would not 
be transferred along the shift register; in· 
stead, charge would then be transferred 
from the photosites into the adjacent 
clocked-well portions of the shift register. 
Thus, the interline and intraline transfer of 
charge would be independent of each 
other, even though they would be con· 
trolled by the same electrode. This would 
be possible because the concentration of 
negative dopant in the gate-transfer region 
would be less than that of the surrounding 
regions. 

The gate-transfer region would be made 
according to the following procedure: 
1. Prepare slices according to the standard 

procedure for the fabrication of virtual­
phase charge-coupled devices up to, but 
not including, the implantation of the 
buried channel. 

2. Implant the buried channel at half the nor­
mal dose in all areas. 

3. Mask the gate-transfer region and the 
photosites. 

4. Implant the buried channel at half the nor­
mal dose. 

5. Pattern and implant the clocked-well 
region according to the standard proce­
dure. 

6. Deposit poIycrystalline silicon and pattem 
the control-electrode structure. 

7. Mask the virtual-barrier and virtual-well 
regions. 

8. Implant the buried channel at half the nor­
mal dose. 

9. Continue the standard procedure to com­
pletion. 
The proposed device could transfer 

charge from the photosites into the shift 

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. 

Radiation Damage in 
Advanced Bipolar 
Transistors 
The degradation of current 
gain is measured. 

A report describes measurements of the 
common-emitter current gains (h FE) of ad­
vanced bipolar silicon transistors before, 
during, and after irradiation with 275-MeV 
bromine ions, 2.S-MeV electrons, and y 
rays from cobalt-oo atoms. The decrease 
in h FE is used as a measure of the radia­
tion-induced damage. The nonionizing 
component involves the displacement of 
atoms from their sites in crystalline lattices. 
32 
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Figure 2. The Maximums of the Bectrostatlc Potentials in each region of the device are 
shown as functions of the voltage applied to the control electrode. 

register and through to the output. It is also 
possible to make a device that would trans­
fer charge into and through the shift regis­
ter to storage at a photosite. This would be 
done by implanting at twice the standard 
dose in step 2 and compensating the ex-

Displacement damage in the base region 
of a transistor can reduce the h FE' Such 
damage in the oxide or on the surface 
(where it could increase surface recombi­
nation) may also playa role in the r~uction 
of hFf" 

The specimens were commercial tran­
sistors made according to minimum-geom­
etry design rules. The devices had n++ 
emitters, 2,.rn2 in area, inside p-type buffer 
bases. The devices were operated with a 
base current of 1 ,.,A and a collector-to­
emitter potential of 0.5 V. The collector cur­
rents ranged from a maximum of 76.5 ,.,A 
before irradiation to a minimum of 35 ,.,A 
after irradiation. 

The total ionizing dose (TID), expressed 
in rad(Si), is a measure of the total of ioniz­
ing energy absorbed per unit mass of spec­
imen. The data from the measurements in­
dicate that the reduction in h FE as a func­
tion of TI 0 is different for the three different 
types of radiation. This is expected be­
cause equivalent TID does not imply equi­
valent nonionizing-energy dose, which is 

cess negative dopant in steps 3 and 8. 
This work was done by Mark Wadsworth 

and Robert D. McGrath of Texas Instru­
ments, Inc., for NASA's Jet Propulsion 
Laboratory. For further information, Qrcle 
21 on the TSP Request Card. NPO-17313 

primarily responsible for the reduction in 
h FE via a reduction in the lifetimes of minor­
ity charge carriers. 

The bromine-ion data exhibit a linear 
variation in the change of (1/hFE! with TID, 
suggesting that bulk displacement due to 
nonionizing dosage is the dominant mech­
anism of damage. Smaller changes in 
(1/h FE! with TID are seen in the electron and 
y-ray data. This was expected because a 
bombarding electron or a Compton elec­
tron produced by an incident y-ray photon 
imparts much less energy to a lattice atom 
of Si than does a Br ion of equivalent kinetic 
energy. 

This work was cbne by.kim A Zouterdyk 
of CaJtech, O1ar1es A Goben of 9Juthem il­
linois University, and Dale F. Berndt of 
Honeywell, Inc., for NASA's Jet PropulsIon 
Labcnlol 'f. To OOtain a CO(Yf of the report, 
"Cbmpariron of the Degradation Effects of 
Heavy lon, Electron, and 0XJalt.f1J Irradiatbn 
on Mvanced BI{X)Iar Process," OrcJe 77 on 
the TSP Req.Jest Caret. 
NPO-17570 
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Digital Signal Processor for G PS Receivers 
~~ Features include reliability and compactness. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

Three innovative components have 
been combined to produce an all-digital 
signal processor with superior characteris­
tics: outstanding accuracy, high-dynamics 
tracking, versatile integration times, lower 
loss-of-Iock signal strengths, and infre­
quent cycle slips. The three components 
are a digital chip advancer, a digital carrier 
downconverter and code correlator, and a 
digital tracking processor. The all-digital 
signal processor is intended for use in re­
ceivers of the Global Positioning System 
(GPS) for geodesy, geodynamics, high-dy­
namics tracking, and ionospheric calibra­
tion. 

The figure is a block diagram of the pro­
totype GPS receiver. Using fixed-frequency 

Local 
Oscillator 
Signals , 

Sampling 

local oscillators, the front end downcon­
verts the GPS signals from radio frequency 
to baseband, where the signals are low­
pass filtered and digitally sampled. Three 
digitally sampled signals are supplied: the 
P1 and P2 signals (e.g., each at 15.374 
megasamples per second) and the CIA 
signal (e.g., at 1.5374 megasamples per 
second). 

The sampling frequency should be es­
sentially incommensurate with the fun­
damental chip rate (e.g., 15.374 MHz vs. 
10.23 MHz) so that discrete sampling er­
rors will be negligible. For stationary 
receivers on the Earth, the frequency off­
set of the local oscillators should be of the 
order of 10 kHz so that carrier down-

\ 7 Clock Frequency 
Syatem 

Baseband Signals 

I l + 1 

Front 
Digital 

Baseband 
End Processor 

DIGITAL BAS EBAND PROCESSOR 

Host 
Microprocessor 

r--- Board 

conversion in the baseband processor can 
work with high accuracy. 

In an example of the operation of the 
system, the signals of all visible GPS satel­
lites are simultaneously received by an om­
nidirectional antenna and are therefore all 
embedded in the baseband signal. In the 
digital baseband processor, a separate dig­
ital signal processor is provided to extract 
the signals from each satellite. A host mi­
croprocessor coordinates the digital signal 
processors and collects the output data. 
Even though this example shows each digi­
tal signal processor reducing the signal 
from only one satellite, more than one sat­
ellite could be processed by a digital signal 
processor by programming its microproc-
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~ 

The Prototype GPS Receiver includes the digital signal processor, which operates on the baseband signal to extract the GPS data. 
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accomplished' like Bruel & Kjaer. 

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

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

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

CA- 714-978·8066. CA - 415-574·8100. WA - 206-324-5905; OH - 513-831-8878: AZ- 602-431-1606; CO- 303-469-7914 . NM - 505-242-0316 

Circle Reader Action No. 319 



essor to time-multiplex its digital equip­
ment between satellites. 

In addition to the reliability and compact­
ness that are usually characteristic of digi­
tal design, the design of the baseband 
processor offers the following advantages: 
• The total delay and phase errors caused 

by the baseband processor are very small 
Qess than 0.1 millichip and 1 millicycle, re­
spectively). 

• High-phase dynamics up to 1,000 Hzls 
can be tracked with high accuracy. 

• Signal strengths at which lock is lost are up 
to 4 to 6 dB lower than in other receivers. 

• The rate of occurrence for cycle slips is 
extremely low for all channels. 

• The design requires no special circuitry to 
count cycles or to maintain in-lock data-bit 
synchronization. 

• Selectability of the fasHeed:>ack interval 
(10 or 20 ms) provides valuable flexibility in 
making compromises between dynamics 
and the signal-toroise ratio. 

• Selectability of the ootput-point interval (1 , 
2, 3, .... 300 s) satisfies the requirements 
of a wide range of users. (If necessary, in­
tervals between 20 and 1,CXXJ ms could 
also be included in the design.) &Jbse­
quent data reduction is simplified for the 
user by forCing ootput timetags to fall on 
integer seconds that are synchronized 
with GPS time. 

• Sample-rate and carrier-frequency offsets 
can be set within a wide range of values. 

• The starting time and the integration inter­
val can be set by the microprocessor, pro­
viding great flexibility in operation, in­
cluding multiplexing between satellites. 

Adaptive Telemetry Multiplexer 

This work was done by J. B. Thomas, T. 
K. Meehan, and J. M. Srinivasan of Caltech 
for NASA's Jet Propulsion laboratory. 
For further information, Circle 144 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-16997., volume and number 
of this NASA Tech Briefs issue, and the 
page number. 

~J Data-acquisition characteristics can be changed as conditions change. 

Lyndon B. Johnson Space Center, Houston, Texas 

A telemetry-data-acquisition unit can be 
adjusted remotely to produce changes in 
the sampling rate, sampling channels, 
measurement scale, and output-bias level. 
Its functional configuration can be adapted 
to changing conditions or new require­
ments by a distant operator over the telem­
etry link. The reconfiguration is done in real 
time, without removing the equipment 
from service. 

The prototype unit (see figure) includes 
an intelligent bus-interface unit (BIU) and a 
low-rate adaptive multiplexer (LRAM). It ac­
commodates up to 31 remote terminals, 
each with 56 analog sensors, 10 gain rang­
es, 32 bias levels, sensor-sampling rates 
ranging from less than 1 to 200 samples 
per second, and optional automatic gain 
rescaling. The telemetry unit acquires sig­
nals directly from the sensors and per-
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forms signal conditioning , multiplexed 
channel sampling, ampl ification, output­
bias-level adjustment, and analog-tcx1igital 
conversion. It stores digitized raw data 
from each channel in a dual-port, random­
access memory. 

The remotely adjustable parameters 
are stored in an electronically program­
mable read-only memory (EPROM). The 0p­
erator reprograms the EPROM chip 
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The Bus-Interface Unit Accepts Reprogramming Commands and translates them for the low-rate adaptive multiplexer. The reprogram mabie 
equipment reduces the need for spare parts, since it Is not necessary to stock a variety of hardware with fixed characteristics. 
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If You Use One Of These: 

~----·~------------a-These : 

The Kontron 700 Recorder. 1-32 Channels. 1-50 MHz. 8, 10 
and 12-bit resolution. Up to 1 Mega sample memory per channel. 
All the muscle, depth, range and precision you need to meet 
the most difficult transient recording challenges. 

And with an integral MS-DOS 286/386 ATe computer 
and 50 Mbyte hord disk, all your post-analysis (DADlsp,e 
ASSYST,e and more) can be done right on board. Fast. And with 
a friendly "window" interface that makes it all seem easy. 

Finally, everything you need is in one place. Even complete 
Ethernet and TCF}'IP network support. 

Independent time-bases for each channel let you record 
multiple events at different speeds, and see them all at once 
in an automatically time-correlated display. 

Triggering is very flexible. And softwore-selectable 4-pole 
Bessel anti-aliasing filters let you fine-tune for the truest 
possible signal. 

If you're using a DSO, light beam oscilloscope, storage scope, 
waveform or transient recorder, call today. (800) 227-8834. 
We need to talk about the rn KONTRON 
Kontron 700. From $10,000. ..~ ELECTRONICS 

Unned Stales KONTRON ELECTRONICS INC, 630 Clyde Avenue, Mountain View, CA 94039-7230, Telephone (415) 965-7020 
1<OOIron Technlcol Cenlers Boston (508) 921 -4700. Baltimore (301) 792 -4987, Son Francisco (415) 965·7020 

Circle Reader Action No. 640 



through the BIU for new channel selec­
tions, sampling rates, measurement 
scales, and output bias levels as they are 
needed. 

The automatic-gain-rescaling feature 
changes the gain of a channel to the next 
higher (or lO'Ner) setting if the lO'Ner (or up­
per) data limits are exceeded on two con­
secutive samples. The data limits can be 
reprogrammed remotely. 

The BIU recognizes the follO'Ning nine 
commands from the remote operator: 
1. Send data from all channels. 
2. Send discrete word. 
3. Send built-in-test~uipment word. 

4. Send adaptive-status word. 
5. Echo reprdgrammed parameters. 
6. Reprogram channel parameters as spec-

ified by the data words sent. 
7. Start data acquisition. 
8. Stop data acquisition. 
9. Olange to new sampling rate. 
Commands 1 through 5 are transparent to 
the LRAM. Commands 6 through 9 must 
be translated by the BIU processor into 
commands recognized by the software of 
the LRAM. 

In tests, the adaptive multiplexer per­
formed well: amplitude errors were less 
than 0.5 percent, distortion was less than 

0.25 percent, and crosstalk and common­
mode rejection were indiscernible. 

This work was done by R. L Sinderson 
and G. A. Salazar ot Johnson Space Cen· 
ter, and C. M. Haddick, Jr., C. J. Spahn, and 
C. N. VenkateshotLockheedCorp. For fur­
ther information, Circle 92 on the TSP Re­
quest Card. 

This invention is owned by NASA, and a 
patent application has been tiled. Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent 
Counsel, Johnson Space Center [see page 
18]. Reter to MSC-2117Q. 

Vector Adaptive/Predictive Encoding of Speech 
~J Vector quantization enhances the quality of digitally transmitted speech. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

The vector adaptivelpredictive tech­
nique for the digital encoding of speech sig­
nals yields decoded speech of very good 
quality after transmission at a coding rate 
of 9.6 kb/s and of reasonably good quality 
at 4.8 kb/s. The vector adaptivelpredictive 
technique requires 3 to 4 million multiplica­
tions and additions per second. It com­
bines the advantages of adaptive/predic­
tive coding, which performs very well but 
only at rates above 16 kb/s, and code-excit­
ed linear prediction, which yields speech of 
high quality but requires 600 million multi­
plications and additions per second at an 
encoding rate of 4.8 kb/s. 

The basic idea of this technique is (1) to 
approximate each vector of speech sam­
ples for transmission by using each of the 
N code vectors stored in a vector quantiza­
tion 010) "codebook" (actually an electron­
ic memory that contains the code) and (2) 
to use the transmitted code vectors to ex­
cite a time-varying synthesis filter in the re­
ceiving decoder. In the encoder (see fig­
ure), the sampled speech waveform is first 
buffered and partitioned into frames, each 
of which contains several vectors of speech 
samples. Pitch-predictive analYSis and 
linear-predictive-coding (LPC) analysis are 
then performed for each frame. The pitch 
period, the gain G, the pitch predictor, and 
the LPC predictor are determined in the 
analyses, and they are quantized and reset 
every frame. A perceptual-weighting filter 
based on the short-term spectral envelope 
of speech is used to help determine the 
code vector that minimizes the perceptual 
distortion between the coded speech and 
the original speech. The perceptual­
weighting filter is also reset every frame, 
but it is not quantized because the decoder 
does not need it. 

At the beginning of each frame, N zero­
state response vectors are computed and 
stored in a zero-state-response codebook. 
These N zero-state response vectors are 
obtained by setting the memory of the en-
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The Vector Adaptive/Predictive Coding Technique bridges the gaps in performance and 
complexity between adaptive/predictive coding and code-excited linear prediction. 

coder LPG synthesis filter and the percep- vector sn is substracted from sn' and the 
tual-weighting filter to zero and then ex- difference vector dn is passed through the 
citing these cascaded filters by using one perceptual-weighting filter. The zero-input 
code vector at a time. In encoding each response vector is then subtracted from 
speech vector sn within the frame, the the filtered difference vector tn' and the 
zero-input response vector of the cascad- resulting vector vn is compared with the N 
ed filter (the ringing from previous vectors) stored zero-state response vectors. 
is first computed. Then, the pitch-predicted The index of the zero-state response 
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Genius should not go 
unrewarded. 

THE 1989 mM SUPERCOMPUTING COMPETITION 

ffiM invites you to submit your accomplishments. We seek to honor those 
individuals whose imagination has elevated the state of the art in analysis and 
modeling. Included are those who have contributed to creating 
new leading-edge uses of large-scale computers, innovative 

applications or algorithms and advances in numerically 
intensive computing. 

The best papers on innovative uses of the ffiM 3090 
will be chosen in the following four divisions: physical 
sciences and mathematics; engineering; life and health sciences; 
social sciences, humanities and the fine arts. Each division will receive a 

frrst, second and third prize of $25,000, $15,000 and $10,000, respectively. In 
addition, a "PROCEEDINGS" of selected papers will be published. 

Universities that provide substantial support to first prize papers 
will receive a $10,000 award as well. 

Contestants must register an abstract of their paper, according 
to specifications, by October 2, 1989. Those who have properly reg­

istered their abstracts will then be invited to forward their 
papers by January 15,1990. 

To select the winners, ffiM will retain a panel of independent 
authorities in ach division. Winners ITo obtain the general information package I 
will be announced by March 1,1990'1 and an entry form write to: 1 

S· I ffiM uld l~L Competition Administrator Imp y put, wo lIKe to IBM Corporation, Dept. 721BNG 

acknowledge those individuals who share 44 South Broadway 
• • White Plains, NY 10601 

the same mterest we do ... the unrelentmg 
pursuit of knowledge. 

For more information contact your 
ffiM marketing representative, or call 
(914) 686-6318; in Canada, (416) 758-4136. LCit~ ___ ~te ___ Zi~ NTB .J 
The competition is open to any individual or team working or living in the US. or Canada, excluding employees of 
the IBM Corporation, IBM Canada LTD, and IBM related companies and their families. @ 1989 IBM Corporation -~------- ----.- ---- ~ -~-- - - --------

-~- . -



vector that is closest to v n identifies the 
best code vector in the va codebook. The 
best code vector is used to excite the LPG 
synthesis filter to generate d", which is 
used by the pitch predictor for following 
speech vectors. The index of the best code 
vector is combined with the side informa· 
tion (which specifies the pitch, the gain, 
and the two predictors) in the multiplexer. 
The resulting stream of bits is transmitted 

over a communication channel or stored in 
computer memory. 

In the decoder, the stream of bits is first 
demultiplexed to separate the va index 
and side information. The va index is used 
to extract the corresponding code vector 
from the duplicated va codebook in the 
decoder, and the code vector is used to ex· 
cite the decoder LPG synthesis filter and 
the pitch·synthesis filter. The output of the 

pitch-synthesis filter is the coded speech, 
which is perceptually close to the original 
speech. 

This work was done by Juin-Hwey Chen 
and AI/en Gersho of the University of 
Galifomia, Santa Barbara, for NASA's Jet 
Propulsion Laboratory. For further infor· 
mation, Circle 6500 the TSP Request Card. 
NPO·17230 

Synchronizing Photography for High·Speed·Engine Research 
~J Light flashes when a shaft reaches a predetermined angle. 

Lewis Research Center, Cleveland, Ohio 
A synchronization system facilitates the 

visualization of flow in high·speed internal· 
combustion engines. Designed for cine-

matography and holographic interferome­
try, the system synchronizes a camera and 
a light source with a predetermined rota-

tional angle of an engine shaft. A 1()-bit res­
olution of an absolute optical shaft encoder 
has been adapted, and 210 combinations of 
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This Synchronizing Circuit tracks the waveform of the signal Vc from the Inductive magnetic film·frame-position sensor of a high·speed movie 
camera. The phase-compensated and amplified output of the peak detector causes the comparator to generate a pulse transition when it 
breaks from Vc at the negative peak. This transition is processed through the NAND gate to provide the trigger signals for the laser at the neg· 
atlve peak. 
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Get aelose 
look at the 
big picture. 

With the 
new HI JetPro™ 
printer/plotter. 

Select your drawing. Preview it 
on your monitor. Zoom in on the 
tightest detail. Clip it, scale it, 
mark a "window." Then press a key 
to get a high-quality hardcopy of 
the segment you want. 

You can do all of this-plus 
high-speed draft and letter-quality 
printing-with one machine: the 
HI JetPro printer/plotter. 

The flexible hardcopy control 
system 

Whether it's an E-size drawing or 
a scanned data file, HI JetPro delivers 
the flexibility you need and the image 
you want. With HI's JetPro, you have 
a complete hardcopy control system 
that includes hardware and software 
for high-speed, high-resolution 
printing and plotting-in both vector 
and raster environments. 

Convenient, quiet, and 
precise 

HI JetPro produces 
your images on ordinary 

paper, in sizes up to 16.5 x 23.3 
inches (DIN A2), with the incredibly 
sharp clarity of 360 dpi. And 
because it's a bubble-jet, it prints 
and plots quickly and quietly. 

Simple to use and easy to maintain, 
the HI JetPro printer/plotter is fully 
backed by Houston Instrument's 
reputation for price-performance, 
quality, and support. 

1b get a closer look, call 
1-800-444-3425 or 512-835-0900. 

HOUSTON 
TNSIRUMENl: 

A DIVISION OF \M.nK 
8500 Cameron Road. Austin, TX 78753 

Houston Ins/rument and HI JetPro are 
trademarlcs of AMETEK. Inc. 



1(){)it binary data have been computed to 
the corresponding angle values. The pre­
computed angle values are programmed 
into EPROM's (erasable programmable 
read-only memories) to use as an angle 
lookup table. It can resolve this shaft angle 
to within 0.35 ° at rotational speeds up to 
73,240 revolutions per minute. 

To achieve the required fast response, 
the system compares in-parallel bits put 
out by an optical shaft-angle encoder with 
the precoded 1(){)it address data that point 
to an angle in the angle lookup table. When 
it finds a match, it decides that the shaft is 
in the proper position and generates a trig­
ger pulse to activate the light source and 
the camera. The method eliminates on·line 
angle computation and numerical compar­
ison processes that have been obstacles 
to high-speed capability. 

To obtain instant ("snapshot") photo­
graphs with a low-speed movie camera, it 
is necessary to synchronize the light 
source with a shaft angle at which an event 
of interest is expected. The synchronizing 
system sends a trigger pulse to a laser 

each time the shaft passes the preset posi­
tion (which is adjustable between 0° and 
720°). The laser illuminates the trans­
parent experimental combustion chamber. 
The film in the camera is thus exposed at a 
precise angle of the engine cycle. 

The synchronizing system can also be 
used with a high-speed movie camera that 
makes a continuous record of combustion 
processes and does not have to be syn­
chronized with the engine cycle. In this 
case, a negative peak voltage in the output 
of an inductive magnetic sensor indicates 
the alignment of the film frame with the 
aperture of the camera and serves as the 
raw timing signal for the laser. 

Because the magnitude of the peaks 
varies with the running speed of the cam­
era, the use of a fixed trigger level to detect 
a negative peak would give correct syn­
chronization at only one running speed. To 
compensate for this effect, the system 
uses a dynamic peak-tracking method. A 
negative-peak detector tracks the output of 
the magnetic sensor and retains the peak 
value (see figure). The output of the sensor 

and the output of the detector remain su­
perimposed until the peak is reached. Both 
signals are applied to a comparator, that 
prcx:luces a pulse transition at the negative 
peak. The output of another comparator 
also contains pulse transitions when the 
output of the sensor passes through a pre­
set peak-track range threshold. The output 
of the peak-sensing comparator is applied 
to a NAND gate with the range threshold­
passing pulses to extract the peak pulse, 
which is used to generate a laser-trigger 
pulse. 

This work was done by K S. C1JUn of 
lewis Research Center. Further informa­
tion may be found in NASA TM-89902 
[N87-23902J. "Synchronizing Trigger Con­
trol System for Flow Visualization." 

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) 33&4700. 
LEW-14713 

Hyperswitch Network for Hypercube Computer 
Data-driven dynamic switching enables high speed data transfer. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

Visible Laser Diode 
Low Cost 

Power Supply 

Model LDP203 

Model LOP201 

• Two Series: LDP1 (0.9 to 1. 7VDC Input) 
LDP2 (4 to 12VDC Input) 

• Output Current: 0 to 150mA 

• Two Modes of Operation: Constant Current Mode or 
Constant Optical Output Power Mode 

• Optical Feedback Circuit with Adjustable Power control 

• Soft Turn-on, Turn-off for Diode Protection 

• Optional: Diode Mount with Diode Heatsink, and Collimating Optics 

$66.00/Ea (1-9 piece, Series #LDP2) 
$45.73/Ea (100-249 piece, Series #LDP2) 

•
• 

• III Power Technology Incorporated 
501-568,1995 Box 9769 Little Rock. Arkansas 72219 
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The performance of a parallel algorithm 
depends mostly on the interconnection 
topology of the multicomputer system. A 
proposed hyperswitch network is based on 
mixed static and dynamic tq:x>logies. Here, 
available or fault-free paths need not be 
specified by a source because the routing 
header can be mcx:lified in response to 
congestion or faults encountered as a path 
is established. Static topology, such as the 
hypercube network, can meet this require­
ment if the ncx:les have switching elements 
that perform the necessary routing header 
revisions dynamically. 

A multicomputer interconnection net­
work may be judged by many different cri­
teria, but network-link reliability and avail­
ability should be given the most emphasis. 
The proposed hypercube topology that is 
now being implemented with a switching 
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o 

Figure 1. Hypercube With Eight Computer 
Nodes Is shown In 3-dimensional hyper­
space. 
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element in each computer node, as shown 
in Figure 1, is aimed at designing a very­
richly-interconnected multicomputer sys­
tem. This interconnection network con­
nects a great number of small computer 
nodes, using the fixed hypercube topology, 
which is characterized by point-to-point 
links between the nodes. 

As can be seen in Figure 1, any two 
computer nodes that are not connected di­
rectly by a link need to have their mes­
sages relayed by the intervening nodes. In 
contrast with the fixed hypercube topology, 
the proposed network has no fixed dedicat­
ed links between the nodes but rather 
establishes these links through explicit 
switching elements and message-routing 
control logic located in each node, using 
the adaptive-routing algorithm. Therefore, 
the multicomputer system can route mes­
sages dynamically by this routing control 
logic, setting each SWitching element so 
that the links are shareable among a num­
ber of node pairs. 

The adaptive-routing algorithm, which 
has been developed and implemented in 
hardware for the hyperswitch network, uti­
lizes network pruning to avoid known busy 
or bad links and thus to establish the short­
est path setup-time. Then the untried net­
work territories are systematically ex­
plored to select one of the many possible 
paths. 

Once a complete path has been traced 
and reserved, the path sections are latched 
to form a complete path for message trans­
mission from the originating node to the 
destination node. The complete path may 
span many nodes, and, since it is latched 
by the routing control logic before any data 
are sent, transmitted data need not enter 
any intervening node for interaction with 
that computer or memory during the data 
transmission. Once the link is established 
data may be pipelined at rates up to the 
hardware limits of the communication 
path. 

This type of network has the advantages 
of both static and dynamic networks. The 
static network characteristics enable the 
hyperswitch network to maintain locality, 
increase the number of I/O links, and pro­
vide multiple paths between two communi­
cating nodes. The dynamic network char­
acteristics provide high permutability, short 
message latency, and the capability to ex­
plore other computational/problem-map­
ping models. 

Detailed simulation results have shown 
that the hyperswitch network is consistent­
ly more efficient than fixed-path routing for 
large-message-traffic conditions. The sim­
ulation results, shown in Figure 2, also 
show that the hyperswitch network extends 
the application of parallel systems to prob­
lems that place heavy demand on the com­
munication network for high bandwidth, 
low latency, and non-local communication. 

This work was done by Edward Chow, 

NASA Tech Briefs, September 1989 

1,600 r-----------------------, 

1,200 ., 
'0 
C 
0 
() ., 
II> e 
() 

600 ~ 
>. 
() 
c ., 
iii 
...J ., 
01 
<II 
II> 400 II> ., 

:::E 

O~ _____ _L ______ ...J_ _____ __...J 

o 2 4 6 
Message Distance (Hops) 

LEGEND 
• Commercial Hypercubes, Message-Switched, Fixed-Path Routing (Measured) 
o Hyperswltch, Message-Switched, Fixed-Path Routing (Simulated) 
o Hyperswitch, Circuit-Switched, Fixed-Path Routing (Simulated) 
V Hyperswltch, Circuit-Switched, K(K-1) Routing (Simulated) 

Figure 2. A Comparison of Network Performance shows the K(K -1) routing scheme versus 
fixed-path routing schemes. 
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Herbert Madan, and John Peterson of Cal­
tech for NASA's Jet Propulsion Labora· 
tory. For further information, Orcle 7 on 
the TSP Request Gard. 

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 3056 

California Institute of Technology 
1201 East California Boulevard 
Pasadena, CA 91125 

Refer to NPO-16905, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 

Robotic Vision Would Combine Optics and Microwaves 
~~ Information on the shapes of objects would be more complete. 

Lyndon B. Johnson Space Center, Houston, Texas 

A conceptual robotic-vision system 
would process the data from both micro­
wave and visible-wavelength sensors. The 
concept, called "fusion of sensors," would 
yield better information on the shapes of 
some objects than could be obtained from 
one type of sensor alone. For example, 
when a shiny, metallic object is illuminated 
by the Sun or a point light source against a 
dark background, specular reflections from 
points or lines on the object can overload 
the visible-light sensors, thereby effectively 
obscuring the view of less-reflective parts. 
In such a case, the specular reflections 
could be used to locate the object, while in­
formation about the gross features and 
orientation of the object might still be 0b­
tained by analyzing the scattering of micro­
waves from its surface. 

The proposed robotic-vision system 

~----------------------------------------------~ 
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The Robotlc·Vlslon System would integrate the information from television and radar im­
ages to reconstruct a three-dimensional Image of the object. 

would fuse data from television images cedure, the system would generate suc-
with polarized low-resolution radar·scatter- cessive approximations to the shape of the 
ing cross sections. Using an iterative pro- target by minimizing the differences be-

If you can see the flaws, 
Now there's a way to turn visual inspection into The system is rugged, compact, and easy 

problem prevention. Instead of just scrapping to use. It gobbles up data with quick keypad or 
bad product, you can locate problem bar code entry It gives you back information 
and fix them. in its most usaole form -charts on a 

The new DataMyte-769 system auto- video display terminal and repair tickets 
mates inspection reporting. But more off a printer. 
than that, it's a problem solVing tool that You get instant lot control and traceability, 
will pay for itself in less than six months. so that you can pinpoint concerns and tie 
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tween the observed radar returns and the 
radar returns that would be observed if the 
object were characterized by a computed 
scattering transfer matrix. 

Assuming that the object is a perfect 
electrical conductor, the scattering of mi­
crowaves can be calculated by numerical 
integration of terms involving phased vec­
tor surface-current densities as functions 
of a set of parameters that describe the 
surface. In one version of the iterative pro­
cedure (see figure), the surface currents 
would be found from an initial estimate of 
the surface from visual data, then used to 
make an initial estimate of the radar scat­
tering. The computed and actual scatter-

ing data would then be compared, and the 
differences would be used to refine the 
parameters of the surface from the initial 
estimate. The process would be repeated 
until the visible and microwave-derived 
estimates of the surface converged. 

In a proposed test of the system, radar 
cross sections would be obtained from 
various surfaces at various frequencies 
and attitudes. Each surface should be 
smooth, contain at most one specular 
point, and be easy to model on a computer. 
The surface should be covered with a con­
ductive material of thickness much greater 
than its skin depth at the microwave fre­
quencyof interest. Target shapes that lend 

themselves most readily to this type of in­
vestigation include spheres, ellipsoids, 
parabolOids, and hyperboloids. 

This work was done by Kuma Krishen of 
Johnson Space Center and Scott Shaw 
and Rui J. P. de Figueiredo of Rice Universi­
ty. For further information, Circle 122 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 
18]. Refer to MSG-21334. 

Digital 8-DPSK Modem for Trellis-Coded Communication 
Signal-processing elements are realized largely in software. ~J 

-------------------------------------------~~ NASA 's Jet Propulsion Laboratory, Pasadena, California 
A digital real-time modem processes 

octuple differential-phase-shift-keyed (8-
DPSK) trellis-cOOed modulation. The mOOem 
is intended for use in communicating data 
at a rate up to 4.8 kb/s in a land-mobile 
satellite channel (Rician fading) of 5-kHz 
bandwidth at a carrier frequency of 1 to 2 
GHz. Other communication systems that 
might benefit from this type of modem in­
clude land mobile (without satellites), 

paging, digitized voice, and frequency­
modulation subcarrier data broadcasting. 

The modem inclLdes digital signal proc­
essors, each programmed to execute a dif­
ferent function. The flexibility afforded by 
basing the system largely on software en­
ables both rapid realization of design and 
refinement via changes in algorithms. In 
keeping with this a~roach, the signal proc­
essors are constructed on general-purpose 

circuit boards, the central element of each 
of which is a commercially available digital 
signal-processing chip. 

Each board has two 4K x 16-bit word 
spaces for program and data memory. In 
addition, the program memory is switch­
able between operation as a random-ac­
cess memory for development and as an 
electrically programmable read-only mem­
ory for final placement of the algorithm. Ad-

Pareto Chart: Wing assy by Mold number 
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you can fix the cause. 
what happened with who, when, where and why. 

We'll show you how to get started. 
Fax us one of your inspection sheets. We'll make 

a bar coded version of it, and show you how to stream­
line data collection and analysis. Our fax number is 
612-935-0018. 

Or call us at 612-935-7704, and we'll arrange 
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a demonstration. With over 20,000 proven DataMyte 
installations, and over twenty years in the business, 
we can help you see your way to better quality. 

DataMyte 
An Allen-Bradley Company 
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The Modulator and Demodulator contain digital signal processors that perform the modem 
functions. The design Is flexible in that functions can be altered via software. 

ditional circuitry supports five dedicated 
1&bit parallel input/output ports (two input 
and three output). Three levels of harciware 
interruption are accessible. 

control by an external controller. The multi· 
processor design is greatly simplified by 
following a pipelined approach. Taken sep­
arately, the flow of signals for either the 
modulator or demodulator can essentially 
be viewed as feedforward for both control 
and data signals. This results in simple in-

The modulator and demodulator (see 
figure) are partitioned into two distinct 
systems under separate asynchronous 
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"Articles in NASA Tech Briefs 
help keep me abreast of many 
new developments. If I had to 
give up all my magazines ex­
cept one, NASA Tech Briefs 
is the one I would keep_ ~ 

Perry D. Campbell, Jr. 
Engineer, Advanced Robotics Section 
Lockheed Engineering and Sciences Company 

NASA Tech Briefs-The Perfect Environment 
For Your Advertising Message. 
Call (212) 490-3999 today for a complete mar­
keting kit, or clip your business card to this 
ad and mail to: NASA Tech Briefs, 41 East 
42nd St., Suite 921, New York, NY 10017. 

terfaces between boards and provides an 
effective architecture for mitigating the ef­
fects of the fading channel. Data are 
passed in parallel fashion sequentially from 
board to board on an interruption basis. 

The modulator consists of a single cir­
cuit board, a clock unit (shared with the 
demodulator), and two digital-to-analog 
subsystems. The clock unit provides clock 
signals locked to frequencies of 4.8 and 
28.8 kHz. The 4.B1<Hz clock is used to 
transfer the raw data to be transmitted 
from the external terminal processor to the 
modulator, while the 28.B1<Hz clock is used 
to transfer data from the modulator circuit 
board to the digital-to-analog subsystems. 
Each digital-to-analog subsystem consists 
of a 12-bit digital-to-analog converter and a 
4-l<:Hz low-pass filter. 

The demodulator consists of an analog­
to<ligital subsystem, six circuit boards, and 
two clock units. The analog-to-digital sub­
system consists of a 4(}kHz-wide band­
pass filter centered at 28.8 kHz, followed 
by a 12-bit analog-to-digital converter. The 
first clock unit (common with the modula­
tor) provides a clock signal at 18.432 MHz, 
which is divided down by the analog-to­
digital subsystem to the 115.2 kHz samp­
ling frequency. The second clock unit, also 
run from the 18.432-MHz signal, is the 
4.B1<Hz jitter clock used to transfer data 
from the demodulator to the terminal proc­
essor. The phase of the jitter-clock Signal 
can be advanced or retarded by the de­
modulator to the timing derived from the in­
coming data. 

This power- and bandwidth-efficient 
modem incorporates many novel features. 
Among these features are the modulation 
scheme and the feedforward architecture 
that have been optimized to combat the 
effects of the fading channel. The 1()(} 
percent root raised cosine pulse shaping 
employed has the unique feature of two in­
tersymbol interference-free points per 
symbol. These two points per symbol are 
utilized for a data-derived Doppler esti­
mator and matched filtering and contribute 
to the robustness of the data-derived sym­
bol timing, which has zero data-induced 
timing variance at these points. This 
modem has been successfully tested and 
evaluated in both laboratory and field ex­
periments, including a recent full-scale 
satellite experiment. In all cases, the 
modem has perfomed within 1 dB of theory. 

This work was done by I C. Jedrey, N. E. 
Lay, and W Rafferty of Caltech for NASA's 
Jet Propulsion Laboratory. For further in­
formation, Circle 154 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 18]. Refer to NPO-17578 
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AT&T DSPs, packed with 
powerful telecom capabilities, 

give you the design flexibility you 
need to tum product 

dreams into market realities. 
Whatever your application-PBX, 
modem, central office equipment-we 
can help you make it work. With the 
fastest fixed point chip on the market­
our 25ns DSP16A With the multi­
functional architecture of our floating 
point DSP32J32C. And with application 
notes to help complete your solution. 

Our DSPs let you implement up to 
32 Dual Tone Multi-Frequency receivers 
(DTMFs) on a single chip. Build in echo 
cancellation for superior long-distance 
transmission. Or implement a full 
duplex CCIIT-standard ADPCM trans­
coder, to double the data on a n line. 
Plus, AT&T DSPs permit a glue-free 
interface with all AT&T codecs. 

Design time? Our application notes 
will get you by every snag. We offer 
Simulators, 
assemblers, and 
linkers for our 
full DSP line. A 
C-compiler for 
our floating 
point devices. 
An application 
library with math, FFf and filter func­
tions. And Hewlett Packard is developing 
an emulator for our DSP32C. 

You'll also have the full support of 
AT&T:'; Field Application Engineers, 
Technical Support Group, and AT&T 
Bell Laboratories' DSP designers. 

For more on the DSPs designed for 
design-in success, just call AT&T 
Microelectronics at 1800372-2447. 
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Optical Measurement of Sound Pressure 
~JA noninvasive technique does not disturb the field it measures. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

All optical technique can be used to 
measure acoustic pressure without direct 
contact. The technique is especially val­
uable where it is necessary to measure in a 
remote, inaccessible, or hostile environ­
ment or to avoid perturbation of the meas­
ured region. In the original application, the 
technique was used to measure the acous­
tic pressure around a sphere acoustically 
levitated in a furnace. Because the meas­
urements are almost instantaneous, the 
technique can be employed to generate 
feedback control signals for acoustic levi­
tators, for example. 

"-
"-

A laser beam is directed at the region of 
high acoustic pressure to be measured. 
The sound causes rapid alternations of den­
sity and, therefore, of the index of refrac­
tion, and the alternations in turn produce 
oscillatory deflections of the beam. The de­
flection is proportional to the acoustic pres­
sure. The laser beam has a negligible influ­
ence on the acoustic field. 

After passing through the region of in­
terest, the beam is focused onto a knife 
edge, as in a schlieren system (see figure). 
The knife edge is adjusted to intercept all or 
part of the undeflected beam so that the 
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portion that passes the edge and falls on a 
photodetector varies with the deflection. 
Thus, the greater the acoustic pressure 
and the deflection of the beam, the greater 
the intensity of the deflected beam and the 
amplitude of the output of the photodetec­
tor. A detailed map of the pressure field can 
be obtained by scanning the field in three 
orthogonal directions. 

This work was done by Eugene H. Trinh, 
Mark Gaspar, and Emily W Leung of Cal­
tech for NASA's Jet Propulsion Labora· 
tory. For further information, Orcle 135 on 
the TSP Request Card. NPO-17565 

~ 

Photodetector ... 

1 
Output 

The Sound Field Deflects the laser beam proportionally to its amplitude. A knife edge intercepts the undeflected beam, allowing only the de­
flected beam to reach a photodetector. The apparatus is calibrated by comparing the output of the photodetector with that of a microphone. 

ESR Measurement of Crystallinity in Semicrystalline Polymers 
~JPhotOgenerated free radicals decay at different rates in crystalline and amorphous phases. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
The degree of crystallinity in a polymer 

that has both crystalline and amorphous 
phases can be measured indirectly by a 
technique based in part on electron-spin­
resonance (ESR) spectroscopy. The accu­
racy of crystallinity determined by the new 
technique equals or exceeds that of similar 
determinations by differential scanning 
calorimetry, wide-angle x-ray scattering, or 
measurement of density. 

When a polymer matrix is illuminated 
with ultraviolet light, molecules in the 

50 

matrix decompose partly into free radicals 
that act as spin probes. Immediately after 
illumination, the radicals are distributed 
uniformly throughout the crystalline and 
amorphous phases. At this time, the con­
centration of the radicals is measured by 
ESR. 

Because of the relatively loose and ran­
dom arrangement of polymer chains in the 
amorphous phase, the radicals there have 
higher mobility and, therefore, decay more 
rapidly after illumination than do the radi-

cals in the crystalline phase, where the pol­
ymer chains are packed more tightly and, 
therefore, restrict the mobilities of the radi­
cals more severely. 

When molecules of a liquid that does not 
dissolve the polymer ~re introduced into 
the polymer, they penetrate the amor­
phous phase much faster than they pene­
trate the crystalline phase. The plasticizing 
effect of the liquid increases the mobility of 
the free radicals, and, because this effect 
reaches the amorphous phase first, the 
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of technical and se~ce specialists is available to assist 
you with your measurement and control applications. 

ra J Itve-y -90% of all orders are shipped within 
72 hours. 
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free radicals there decay even more rapid-
ly. (The decay occurs through the recom-
bination of free radicals or the abstraction 
of hydrogen.) 

After an appropriate interval that can 
range from minutes to days, most of the 
radicals in the amorphous phase have de-
cayed, so that most of those that remain 
are in the crystalline phase. At this time, the 
concentration of radicals is again meas-
ured by ESR. Thus, the degree of crystallin-
ity can be determined from the ratio of the 
remaining concentration to the original 
concentration of free radicals. 

The technique was demonstrated with 
semicrystall me polymer, poly(vinylidene 
fluoride). The figure shows the ESR spec-
trum immediately after exposure to ultra-
violet and a similar spectrum of about half 
the original intensity after 16 h of expos-
ure to chlorobenzene. A third spectrum 
taken after 40 h of exposure to chloroben-
zene shows no further decay. These spec-
tra indicate a crystallinity of 50 percent, 
consistent with the crystallinity of 50 per-
cent determined by differential scanning 
calorimetry. 

This work was done by Soon Sam Kim 
and Fun-Dow Tsay of Ca/tech for NASA's 
Jet Propulsion Laboratory. For further in-
formation, Circle 36 on the TSP Request 
Card. NPO-1 7369

- 

Speckle-Suppression Apparatus	 of equal duration. The delays between the 

A technique and apparatus have been 
developed to reduce speckle in unmodu-
lated laser pulses, using a reduced number 
of optical fibers. The technique is expected 
to decrease the costs of bundles of optical 
fibers used to transmit unmodulated laser 
pulses. 

Speckle can result from the interaction 
of spectrally narrow laser light with a re-
flecting or diffusing surface. This interac-
tion causes a random-intensity distribution 
of light in the laser pulse that produces a 
granular, or speckled, pattern of light and 
dark spots when the pulse is reflected from 
a diffusing surface. 

The new apparatus reduces speckle in 
an optically transmitted, unmodulated laser 
input pulse by introducing a number of in-
dependent delays into the pulse. The num-
ber of delays is equal to the shorter of the 
coherence length of the laser pulse source 
or the duration of the delayed laser output 
pulse. The reduction in the noise or 
variance generated by speckle is a func-
tion of the number of independent delays. 
The apparatus could include a number of 
optical fibers of different optical lengths, a 
single optical fiber in combination with one 
or more beam splitters, or a single circula-
tor capable of generating a succession of

delayed independent laser output pulses 
from a single laser input pulse. 

The preferred configuration is illustrated 
in the figure. It includes a laser, which pro-
vides an initial unmodulated laser input 
pulse of known coherence length Lc. The 
pulse passes through a suitable diffuser or 
integrating sphere into a number of optical 
fibers of optical lengths L0, 2L0, 3L0, and 
4L0. The optical length Lois chosen so that 
the optical fibers provide a series of four in-
dependent and delayed laser output pulses 

Laser

Input Pulse 

I Laser_I

pulses put out by the fibers may vary. Al 
may equal or exceed the shorter of the co-
herence length Lcof the laser or the length 
L of the pulse. 

The independent laser output pulses are 
transmitted through a conventional Fabry-
Perot interferometer to a detector, where 
they are combined or added. Because the 
delays in the fibers scramble the phases of 
the output pulses, any noise or variance in 
the laser input pulse caused by speckle is 
reduced proportionally to the square root 
of the number of delays. 

This work was done by Israel Taback of 
the Bionetics Corp. for Langley Research 
Center. For further information, Circle 116 
on the TSP Request Card. LAR-13 771 

Fabry-Perot 
Optical
	 Interferometer 

Fibers 

WA Multiple delays reduce speckle in an unmodulated laser pulse. 

Langley Research Center, Hampton, Virginia 

Diffuser or

Integrating


Sphere 

Optical Fibers of Different Length scramble the relative phases of the succession of laser 
output pulses. 
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Their success and safety depends on your packaging 
and ACLAR® Fluoropolymer Film 
Every packager of moisture-sensitive electronics, military, 
oommunieatiefls~ and aerospace co/nponents-know5 
ACLAR fluoropolymer film from Allred-Signal as the 
ultimate flexible. transparent, moisture barrier. 

But beyond ACLAR's barrier properties are other 
characteristics vital to the safe and successful fulfillment 
of difficult missions. 
• Flame Retardency. ACLAR receives excellent ratings in 
flame spread and vertical burn tests conducted by UL, 
NASA, and FAA test procedures, by not supporting 
combustion. 
• low Outgassing. ACLAR meets deep space 
-requirements Of non-comarn!natlor. of ciiticai 
compunents due to outgassing. 
• lOX Compatibility. ACLAR meets all NASA 
requirements for liquid oxygen (LOX) compatibility as 
well as for other hypergols. 
• Chemically Inert. ACLAR will not react with most 

chemicals. 
oro-Oghlle~OUrhas sUff1Cieflrstrerfgth and 
durability as an unsupported ~ilm for many packaging 
applications. 
• Processed Enhancements. In addition to ACLAR's 
inherent properties, other performance benefits derive 
from advanced processing-
Static Dissipative. Treated ACLAR satisfies NASA 
requirements for electrostatic discharge. 
Ultra-Clean. When ultra-cleanliness is required, 
AClAR can be processed to meet YOUi must stnngent 
~~ificatlons . 

i.aminations. ACLAR can be laminated to other materials 
to meet all requirements of MIL Spec 22191 Type 1 for 
tI1nsparent high moisture barrier military packaging. 

for more information and technical data about 
AClAR fluoropolymer film, contact your Allied-Signal 
Performance Film Specialist today. 

Allied-Signal Engineered Plastics, PO Box 2332R, Morristown, New Jersey 07960, (201) 455-5010 

Engineered Plastics .tAl ~~~~:":""':~~-=-------------~lIied 
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Probe Samples and Cools Hot Gas 
~~ The sampled gas enters an inner tube immersed in flowing coolant. 

Lewis Research Center, 
Cleveland, Ohio 

In many aeronautical applications, it has 
been found necessary to sample hot gas 
streams, the temperatures of which are 
well above the melting temperatures of 
nonreactive candidate probe materials. In 
addition, there is often a requirement to 
condition a gas sample to a particular tem­
perature and pressure in a specified time. 

A simple concentric-tube gas-sampling 
probe, illustrated in the figure, was devel­
oped for this type of application. The probe 
includes a straight outer tube and an inner 
tube, which is bent to be concentric to the 
outer tube at one end and tangent to the 
outer tube in the sampling region at the 
other end. The two tubes are brazed to­
gether along the sampling region and at 
the end to prevent the sampled gas and the 
cooling stream from mixing. The inner tube 
contains the sampled gas, and the space 
outside the inner tube but inside the outer 
tube is the path for the cooling stream. 

In the sampling region, gas-sampling 
holes are drilled through the brazed walls 
to permit gas to flow into the inner tUbe. 
The braze fillet provides the seal between 
the two tubes. The cooling fluid drains 
through an orifice on the back side of the 
probe at the upper end. Thus, the coolant 
helps to cool the hot gas prior to expulsion 
up the stack. A flow-separating T is used to 
cap and separate the two fluid streams at 
the external (lower) end of the probe. 

The probe is made of 304 stainless-steel 
tube 12.70 by 0.89 mm (0.5 by 0.035 in.) 
and 6.35 by 0.89 mm (0.25 by 0.035 in.) and 
is nickel-brazed. Noble metals are avoided 
to minimize catalytic reactions that could 
bias the results. For extended service life in 
severe environments, a thermal-barrier 
coat can be applied to the exterior of the 
probe. 

Conditioning of gas samples is obtained 
by sizing the sampling holes to provide 
choked flow, varying the length of the 
COOling-fluid passage, and by varying the 
temperature and type of the cooling fluid. 
The choked sampling holes ensure a rei> 
resentative sample through each hole. The 
type and temperature of cooling fluid and 
the length of the probe are selected to ad­
just the temperature of the sample. It has 
been found that simple heat-transfer and 
pressuredrop calculations that take ac­
count of the type and temperature of the 
cooling fluid usually provide a usable probe 
design on the first design iteration. 

This probe operated successfully for 
several years of intermittent use at temper-
atures of 400 to 1,920 K (260 to 3,000 oF) in 
a stream of hydrocarbon combustion gas 
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The Sampling Probe cools the sampled stream of hot gas before sending It on for analysis. 
Dimensions are In Inches. 
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Molecu Wire: Your innovative source 
for specialty wire and ribbon 

W.E YOUR APPU A­
tion calls tor "impossible" 
wire or ribbon, turn to 
Molecu Wire to insure your 
project's succe s. 
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your process or product 
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accomplished team of 
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To guarantee the 
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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, 
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wire and ribbon design, 
engineering and 
manufacturing. We work 
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with the world's foremost 
companies-from global 
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tomorrow's products and 
technologies . . . today. 

To learn more about 
how you can put Molecu's 
one-of-a-kind wire and 
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for you, call us today at 
(201) 938-9473. Or write 
Molecu Wire, P.O. Box 
495, Farmingdale, New 
Jersey 07727. 
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at pressures of 3 to 12 atm (0.3 to 1.2 MPa) 
with no leakage or significant deterioration, 
while being cooled with steam at a pres· 
sure of 8 atm (0.8 MPa) at the lower sam· 
piing pressures and temperatures and wa· 
ter at ambient temperature at the higher 
sampling temperatures and pressures. 

Other coolant fluids for consideration with 
this design are air or inert gases, depend­
ing on the temperature of the sampling 
stream, the desired temperature of the 
sample at the exit from the probe, and the 
combustion properties of the gas stream 
being sampled (for example, it may not be 

desirable to dump air into a hot gas stream 
rich in fuel). 

This work was done by Donald F. Schultz 
of lewis Research Center. For further in­
formation, Circle 156 on the TSP Request 
Card. 
LEW-14856 

Separating Isotopes With Laser and Electron Beams 
The need for a second laser is eliminated. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

In a scheme for the separation of iso­
topes, electrons of suitable kinetic energy 
ionize a specific isotope that has been ex· 
cited by a laser beam in a magnetic field. In 
most other schemes, the excited isotopes 
are photoionized or photodissociated by 
second laser beams. Ionization by electron 
beams is cheap and efficient in compari· 
son to ionization by laser beams, and it re­
quires no special technical developments. 
The feasibility of the new scheme has been 
demonstrated in the selective ionization of 
Sa 138, making possible the separation of 
this isotope from the Sa isotopes of atomic 
weight 130, 132, 134, 135, 136, and 137. 

The beam of atoms including mixed iso· 
topes is projected through a vacuum per· 
pendicular to an applied magnetic field. 
The beam of electrons is collimated by, and 
travels along, the magnetic field, striking 
the beam of atoms. The laser beam, which 

/ 
Beam of 

Undeflected 
Atoms 

Beam of 
Electrons 

Laser 
Beam 

Magnetic 
Field 

Beam of Atoms 
(Mixed Isotopes) 

Figure 1. The Desired Isotope Is Separated 
from others in the same atomic species by 
a process of excitation and ionization 
followed by electrostatic deflection. 
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Figure 2. The Energy-level Diagram of Ba shows the isotopic and hyperfine structure of the 
lp level and the Zeeman splitting for the 138 isotope in a magnetic field of 100Gauss. TheMF = -1 level of the isotope 138 is well separated from the other levels and can, therefore, be 
excited selectively. 

is perpendicular to both the magnetic field 
and the beam of atoms, illuminates the 
beam of atoms at the point of incidence of 
the electrons (see Figure 1). 

The frequency and polarization of the 
laser beam are chosen to excite an elec­
tronic energy level of the desired isotope 
that is well separated from the correspond­
ing levels of the other isotopes. Typically, 
this would be the lowest magnetic sublevel 
of the desired isotope. In the case of Sa 138, 

it would be the M F = -1 sublevel of the 
F = 1 level [where F and M Fare the quan­
tum numbers of the total (nuclear plus 
electronic) angular momentum and the 
component of the total angular momentum 
along the magnetic field , respectively]. 
Alternatively or in addition to adjusting the 

frequency of the laser beam, one could ad­
just the magnetic-flux density to tune the 
excitation to the desired energy level or 
levels via the Zeeman splitting of levels of 
different M F' 

The kinetic energy of the incident elec­
trons must be chosen so that they ionize 
the excited atoms (of the isotope to be 
selected), but not the atoms in the ground 
state (the other isotopes). Consequently, 
the energy must exceed the ionization 
energy of the desired species but be less 
than the ionization energy of the ground­
state species. In the case of Sa 138, this 
means that the energy must lie between 
2.97 and 5.21 eV. This requirement is easily 
satisfied with a magnetically collimated 
electron gun. 
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Request Card. 
In accordance with Public Law 9&517, 

the contractor has elected to retain title to 
this invention. Inquiries concerning rights 
for its commercial use should be ad-

Eye-Safe Lidar 

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-17362, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 

~J Experimental solid-state systems may find use in meteorology. 

NASA 's Jet Propulsion Laboratory, Pasadena, California 
A laser infrared radar Oidar) undergoing 

development is harmless to human eyes, 
consists almost entirely of solid-state com­
ponents, and offers high range resolution. 
The lidar operates at a wavelength of about 
2 J.dll. If the radiation from such a device 
strikes an eye, it is almost completely ab­
sorbed by the cornea without causing 
damage (provided that the lidar is suffi­
ciently distant and suitably low in power or 
pulse energy), even if aimed directly at the 
eye. The 2-J.dlllidar is intended for remote 
Doppler measurements of winds and dif­
ferential-absorption measurements of con­
centrations of gases in the atmosphere. 

The lidar includes a continuous-wave 
ring-laser oscillator pumped by a semicon­
ductor laser diode. A multipass slab laser 
amplifier is pumped by a flash lamp, which 
is the only major non-so lid-state compo­
nent. Diodes cannot yet provide the in-

I d 
Diode-Pumped Permanent- Acousto-

Continuous-Wave I- Magnet f- Optical 1- Pulsed 1- Telescope 
Ring Laser Optical Modulator Amplifier 

Isolator 

U 
Single-Mode Optical Fibers ) - -

""\ /' 

I 1 I Single-Mode 
Optical-Fiber 
Coupler 

r Photodiode 1 - I 

Continuous-Wave Light from a laser oscillator is amplified and modulated for transmission 
from a telescope. A small portion - about 1 mW - of the output of the oscillator is fed to a 
single-mode fiber coupler, where it mixes with return pulses. 

tense light needed by a laser power am­
plifier. Even here, however, laser-diode 
pumping is likely to be feasible in the future. 
Laser-diode pumps have efficiencies of 35 
to 40 percent. The use of laser-diode 
pumping offers high overall efficiency (ap­
proaching 15 percent) and long lifetime 
(approaching 20,000 h). Furthermore, the 
solid-state laser medium allows energy to 
be stored and radiation to be amplified in 
volumes large enough to generate 100 W 
average power. 

The output of the oscillator passes 
through a permanent-magnet optical isola­
tor. An acousto-optical device gates the 
continuous wave and imposes 40 MHz of 
frequency modulation (see figure). The 
power amplifier converts the gated, modu­
lated signal into high-power pulses. A par­
aboloidal mirror in a telescope launches 
the pulses into space. The mirror collects 
reflected pulses, and a single-mode optical 
fiber carries them to a single-mode optical­
fiber coupler, where the reflection signal is 
combined with the transmitter signal or the 
signal from another local oscillator. The 
output of the coupler is fed to a photodiode, 
which converts the output optical Signal in­
to an electrical signal for proceSSing. 

In experiments, an yttrium aluminum 
garnet \fAG) laser doped with thulium and 
holmium produced continuous-wave light 
at 2 J.dll. The Tm:Ho:YAG laser requires a 
minimum pump power of 4.4 mW at the 
diode-laser wavelength of 0.782 J.dll. The 
thulium ions absorb the pump radiation ef-

~ Circle Reader Action No. 615 



The excitation and ionization processes 
take place continuously in the beam of 
atoms. The desired isotope is finally select­
ed by electrostatic deflection of the ions 
out of the beam. 

This work was done by Sandor Trajmar 

of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Circle 
5 on the TSP Request Card. 

This invention is owned by NASA (U.S. 
Patent No.4, 7D4,197). lnquiries concerning 
nonexclusive or exclusive license for its 

commercial development should be ad­
dressed to the Patent Counsel, NASA's 
Resident Office.JPL(see page 18]. Refer to 
NPO-16907 

Tunnel·Effect Displacement Sensor 
This simple device is extremely sensitive to small displacements. ~J 

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

The tunnel position sensor is a simple 
device that measures small displacements 
or accelerations. Tunnel position sensors 
could be used to make compact, sensitive 
accelerometers or strain gauges or to 
measure the impacts of particles. 

The device was inspired in part by re­
cent advances in scanning tunneling mi­
croscopy, in which resolution as fine as 1 A 
has been attained. The essential elements 
are two electrodes in proximity to each 
other. One of the electrodes is mounted on 
a piezoelectric cantilever, which is used to 
make fine adjustments of the gap between 
the electrodes (see figure). 

A voltage is applied between the elec­
trodes. If the electrodes are so close that 
the electron probability-density waves in 
them overlap, then an electrical current 
flows between them by the quantum-me­
chanical tunneling effect. The magnitude 
of this tunneling current is extremely sen­
sitive to the distance between the elec­
trodes, and the variation of the current can 
therefore be used to measure small dis­
placements of the electrodes relative to 
each other. 

Tunnel current typically varies by one 
order-of-magnitude per Angstrom of elec­
trode-separation change. The incorporation 
of electron tunneling into accelerometer 
technology provides a potential increase in 
sensitivity by several orders of magnitude. 
This improvement in sensitivity may be used 
to provide enhanced system sensitivity, dy­
namic range, or bandwidth. Devices based 
on tunnel position detection will have appli­
cation as sensitive sensors for acceleration, 
force, and strain. 

Aproof-of-concept electron tunnel accel­
erometer has been fabricated for testing 
the basic principles of this new technology. 
The prototype device shows acceleration 
sensitivity of 10 micrOi'lI (Hz) y, with a 3-kHz 
bandwidth. Fully integrated tunnel micro­
sensors may be fabricated together with 
microelectronics in a monolithic Si pack­
age. Tunnel microsensors would provide 
versatility for application as accelerome­
ters, force sensors, strain sensors, particle 
detectors, and other devices for space ap­
plications. 

This work was done by William J. Kaiser 
and Steven B. Waltman of Caltech for 
NASA's Jet Propulsion Laboratory. For 
further information, Circle 155 on the TSP 
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ficiently and transfer it to the holmium ions 
without radiation. This laser works at a 
slope efficiency (2iA11 output divided by the 
excess of the 0.782-J.dTI pump input over 
the threshold) of 19 percent. Work contin­
ues on the Tm:Ho:YAG laser in the effort to 
attain Single-mode oscillation. 

Meanwhile, the lidar system has been 
demonstrated with a neodymium-doped 
YAG laser as the continuous-wave oscil la­
tor. This device produces light at 1.064 
J.dTI - not an eye-safe wavelength. Never­
theless, the demonstration showed that 
the system can coherently detect scat-

tered laser radiation from clouds and from 
atmospheric aerosols. 

This work was done by Robert L Byer of 
Stanford University for NASA's Jet Pro­
pulsion Laboratory. For further informa­
tion, Orcle 58 on the TSP Request Card. 
NPO-17464 

Making Excited Oxygen Molecules and Atoms 
Excited oxygen should enable oxidation of semiconductors and 
superconductors at relatively low temperatures. 

--------------------------- er than 0.5 atm (51 kPa) can be used. How­
NASA's Jet Propulsion Laboratory, Pasadena, California 

The oxidation of semiconductors and 
high-temperature superconductors could 
be achieved at lower temperatures than in 
current fabrication processes by use of ox­
ygen molecules or atoms that have been 
raised into specific excited states. The use 
of excited oxygen (or other species) is also 
of interest in research on the kinetics and 
mechanisms of chemical reactions. 

The use of excited species reduces the 
thermal energy required for oxidation. Such 
a gaseous oxidizing species would have 
negligible nonthermal kinetic energy, unlike 
the ion beams or plasmas used in typical 
low-temperature processing methods, in 
which substrates undergoing treatment 
are degraded by sputtering, mixing, and 
the like. Unlike oxidation induced by beams 
of ions, electrons, or photons, excited-gas 
oxidation should be suitable for processing 
specimens that have large areas. 

During the past decade, chemists have 
developed techniques for the controlled 
generation of specific excited species of 
oxygen in useful quantities. These meth­
ods include irradiation of oxygen gas with 
low-energy (< 4-eV) electrons, microwave 
discharges, and irradiation by lasers tuned 
to the frequencies of specific transitions in 
the energy levels of molecules. The most­
promising molecular species is the first ex­
cited state (a'A~ of molecular oxygen, 
which can be prOduced by laser light. This 
level lies 0.98 eV above the ground state 
(XSl:g -) and has a radiative half-life of 45 
minutes, which is shortened to 9 minutes 
by nonradiative collisional processes. 

Because the direct optical excitation of 
this state involves a doubly forbidden tran­
sition, a two-step process is required. First, 
the molecule is optically excited to the sec­
ond excited state (b'1:/), which is 1.63 eV 
above the ground state. It then undergoes 
collisional relaxation to the first excited 
state. 

A laser tuned to about 7,610 A would ir­
radiate oxygen either in the processing 
chamber or in a separate gas holding 
chamber. The use of a separate chamber, 
combined with a delay to allow collisional 
relaxation to the a'Ag state, would ensure 
that a single excited species was reacting 

Circle Reader Action No. 615 ., 

with the substrate. This technique should 
also be of interest in fundamental studies 
of oxidation. It could be used in an ultra­
high-vacuum chamber that is also equip­
ped for such surface-analytical techniques 
as x-ray photoelectron spectroscopy. 

Another possibility would be to generate 
excited atomic species. Photons of energy 
greater than about 6 eV can excite oxygen 
from the ground state to the B3:ru - state, 
creating two oxygen atoms in the ground 
3p state via a nonradiative transition. The 
1,849-A radiation from a mercury-arc lamp 
may be suitable. The oxygen pressure in 
the chamber should be kept below 10 torr 
(1.3 kPa) to suppress the formation of 
ozone. If ozone is desired, pressures great-

ever, commercial ozone sources are avail-
able. 

The dissociation of oxygen by photons 
of energy greater than about 7 eV results in 
one atom in the ground (3p) state and one 
in the first excited ('O) state. These two 
atomic species could also be obtained by 
the dissociation of ozone or Np. 

This work was done by Richard P. 
Vasquez of Caltech for NASA's Jet Pr0-
pulsion Laboratory. For further informa­
tion, Orcle 8 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 18]. Refer to NPO-17534 



Unpressurized Container for Cryogenic Testing 
~J Samples do not have to be sealed in the vessel. 

Marshall Space Flight Center, Alabama 

A nonpressurized cryostat makes the 
mechanical testing of materials at low tem­
peratures more convenient. The cryostat 
maintains specimens at temperatures of 
-400 to -450 OF (33 to 5.4 K) without 
sealing them in a gastight, vacuum-insu­
lated container. It is relatively easy to insert 
and remove specimens and to attach in­
strumentation wiring to them. In addition, 
because the cryostat vessel is covered 
only loosely, it vents vapor continuously. 
There is no danger of buildup of internal 
pressure from evaporating cryogenic liq­
uid. Safety procedures, test equipment, 
and test facilities are therefore simpler 
than in older testing systems that depend 
on sealed and vented containers. 

The cryostat includes two concentric 
chambers with stainless-steel walls and fi­
ber insulation (see figure). The outer cham­
ber holds liquid nitrogen. The inner cham­
ber, which holds liquid helium and the test 
specimen, rests on spacers so that the liq­
uid nitrogen extends under its bottom as 
well as along its sidewall . A stem that lies 
along the axis of the chambers applies me­
chanical loads to specimens. 

A specimen is mounted in the inner 
chamber, and such instruments as exten­
someters and thermocouples are attached 
to it. To precool the apparatus, liquid nitro­
gen is poured into the inner chamber as 
well as the outer one. The nitrogen in the 
outer chamber is replenished as needed to 
keep it two-thirds to three-fourths full. The 
liquid nitrogen in the inner chamber is al­
lowed to boil off until its surface drops be­
low the level of the specimen holder. 

A loose lid of polystyrene foam or other 
suitable material is placed over the vessel. 
A hole in the lid provides access for the 
stinger of a vacuum-insulated helium­
transfer line and for the instrumentation of 
the specimen, which must extend above 
the top of the cryostat. The liquid helium is 
fed into the inner chamber until the speci­
men is submerged. The liquid nitrogen re­
maining in the inner chamber freezes, 
forming an insulating layer on the bottom. 
The test is conducted, and the specimen is 
removed. 

When several tests are performed in 
quick succession, the precooling step has 
to be done only once. Smaller quantities of 
cryogenic liquids are therefore used than 
in a series of tests at long intervals. 

This work was done by Susan B. Walker 
of United Technologies Corp. for Marshall 
Space Right Center. No further docu­
mentation is available. 

Inquiries concerning rights for the com-
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mercial use of this invention should be ad­
dressed to the Patent Counsel, Marshall 

Space Flight Center [see page 18]. Refer to 
MFS-28347 
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Convergent-Filament Nonmechanical Pump 
The restrictions imposed by capillaries are avoided. 

NASA 's Jet Propulsion Laboratory, Pasadena, California 
A simple device induces a small flow of 

liquid without the help of moving parts, in 
the presence or absence of gravity. Unlike 
other ronrnechanical pu~ based on wicks 
or capillary tubes, this one is not limited by 
internal absorption or restricted cross-sec-

tional area. One important use is expected 
to be returning liquid condensate in heat 
pipes. Another might be the collection of 
samples from clouds or fog. 

cludes 11 filaments on concentric rings in a 
conical structure (see figure). The fila­
ments, which are ordinary polymeric fishing 
line, are spaced about 0.25 in. (0.6 cm) 
apart on the wide end. On the narrow end, 
the filaments are spaced as closely as 

Liquid 
Out 

Merged 
Drops 

A prototype transports a slow but steady 
flow of isopropyl alcohol. The prototype in-

Filament Drops 

Liquid, Spray, 
or Mist In 
• 

Drops of Liquid Move on filaments from the wide end of the cone to the narrow end. The drops gradually blend with drops on adjacent fila­
ments to form large drops with menisci. 
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EcoSphere 
The world's first totally enclosed ecosystem. Originally developed by 
NASA, EcoSpheres are not only prototypes of future space colonies, 
but also elegant reminders of the potential for ecological balance on 
Earth. This carefree aquarium - a permanently sealed glass globe -
contains tive shrimp, algae, water, and air In bioregenerated balance. 
Available in two sizes: 3 .25 " or 6.50 " diameter, 

Rush me __ EcoSpheres in the following sizels) ' 

__ 3 25" diameter ($7900) __ 650 " diameter (5229 00) 

Add 51 2 00 for overnight delivery NY residents add sales lax 
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Name ________________ ___ 
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Mail with check 01' Dloney order to: 

NASA Tech Dept. F, 41 East 42nd New York, NY 10017 
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When your needs call 
for assistance from 
design through delivery, 

call for Emcor® 

Emcor is listed under GSA contract # GS-07F-17241 . 

When you work with Emcor, you'll 
get the right enclosure for your 
requirements, supplied just the 
way you want it and delivered 
when you need it. 

LOCAL AND FACTORY SUPPORT 
As a part of our commitment to total 
customer support, we have 41 field sales 
offices throughout the U.S. and Canada 
staffed with more than 100 factory trained 
representatives. Just call us and a field or 
factory representative will personally come 
to your site to consult with you concerning 
your enclosure requirements. 

CUSTOM DESIGN 
Emcor thrives on special challenges - from 
simple holes and cutouts to unique 
configurations, sizes, and shapes. Work with 
our experienced group of design engineers 
and you will be teamed up with industry 
experts using the latest in CAD/CAM 
technology. Emcor is dedicated to providing 
you with exactly what you want: a cabinet 
designed and manufactured to your 
specifications at a price you can afford. 

QUALITY CONTROL 
Emcor ensures conformance to high quality 
standards through the use of the most 
modern quality control equipment available 
on the marketplace today. Dimensional 
accuracy is closely controlled through the 
use of a Brown and Sharp coordinate 
measuring machine. Our ACS digital color 
computer guarantees a consistent color 
match of painted items every time. Emcor 
can also provide inspection systems 
capable of meeting the most exacting 
government requirements such as 
MIL-I-45208A. 

CUSTOMER SERVICE 
Emcor's factory staff is the best in the 
business. They will assist you in analyzing 
your enclosure needs and will coordinate 
their vast resources to fully support and fulfill 
your cabinetry requirements. Every step of 
the way, from your first quotation through 
order shipment, you will find no one better 
able to serve and support you. Your needs 
deserve Emcor's kind of attention. 

Crenlo, Inc. 

1600 - 4th Ave. NW. 
Rochester, MN 55901 
Phone 507-289-3371 
FAX It 507-287-3405 



possible without touching. The filaments 
are about 4 in. (10 em) long. 

The liquid enters the pump at the large 
end of the cone. Drops of liquid move onto 
the filaments and merge with other drops, 
forming slugs of liquid held by pairs of fila­
ments. Driven by what are believed to be 
unbalanced surface-tension forces, the 
slugs slide to the narrow end of the cone. 

In practice, a larger array of filaments 
would probably be used. The array need 
not be conical; it might be planar or ar­
ranged in another three-dimensional con­
f19uration. 

This 'NOrk was done by Earl R. Collins, 
Jr., of Galtech for NASA's Jet Propulsion 
Laboratory. For further information, Orele 
52 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 18]. Refer to NPO-17301 

Polymeric Electrolytic Hygrometer for Harsh Environments 
~J An improved design reduces vulnerability to organic vapors and dust. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
The design of a polymeric electrolytic 

hygrometer has been improved to meet 
the need for reliable measurements of rel­
ative humidity In the harsh environments of 
pulpmills and papermills. The hygrometer 
can operate in the presence of organic va­
pors, dust, traces of sulfur dioxide, acidic 
vapors, and strong oxidizing agents. It tol­
erates temperatures near 65 "C and flows 
of air near 10 mls easily. Its maximum tem­
perature rating is much higher, near 130 "C. 

The basic humidity-sensing element is 
a piece of Nafion· or similar poIytetrafluo­
methylene resin with persulfonic acid 
substitutions that has been treated with 
lithium hydroxide. The sensing element is 
sandwiched between noble metal or other 
relatively unreactive electrodes. Moisture 

absorbed from the air is ionized in the poly­
mer. Both the H+ and OH- ions transport 
electrical charge. M alternating voltage is 
applied to the electrodes to measure the 
conductivity of the polymer, from which the 
humidity can be deduced. 

A previous version of the sensor has 
contacts of gold plating at the ends of a 
small ribbon of the Nafion polymer. These 
tended to separate during use probably be­
cause of swelling of polymer. Gold appears 
not to adhere strongly to the polymer. 

The Redesigned Sensor Head features a 
shorter, .more-rlgldly-held sensing element 
that Is less vulnerable than the previous 
version was to swelling and loss of elec­
trical contact. 
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Large chamber capacity handles all your high tem­
perature needs. Space-saving cabinet combines 
both furnace and control. 
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The redesigned sensor (see figure) has 
a short length of sensing polymer and elec­
trode wire. The sensing-polymer strip is 
mounted in an electrically~uctive sil­
ver epoxy, which is very rigid and adheres 
strongly to the sensing polymer. The sens­
ing polymer and epoxy fill a glass capillary 
bonded to a polytetrafluoroethylene holder, 
which has gold-plated pins connecting to 
the measuring circuits via multicore cable_ 

Contact between the gold-plated pins and 
the silver epoxy is established through a 
short platinum wire. 

The improved sensor performed well in 
tests in papermills. It exhibited low hystere­
sis, rapidity of response, and sensitMty suf­
ficient for use in controlling humidity in the 
manufacture of paper. It may also be useful 
for the control of batch dryers in the food 
and pharmaceutical industries. 

This work was done by Daniel D. Lawson, 
Parthasarathy Shakkottai, and Shakkottai 
P. Venkateshan of Caltech for NASA's Jet 
Propulsion laboratory. For further infor­
mation, Circle 100 on the TSP Request 
Card. 
* "Nafion " is a registered trademark of Du 
Pont, E. I., de Nemours & Co., Inc. 
NPO-17365 

High-Resolution, Two-Wavelength Pyrometer 
~~OPtical and electronic parts of a commercial instrument are modified. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A modified two-color pyrometer meas-

ures the temperatures of objects with high 
spatial resolution. Like other two-color py­
rometers, it determines the temperature 
by calculating the ratio of the intensity of ra­
diation received in two different wave­
length bands. Because the instrument 
uses a ratio, its accuracy is less sensitive to 
the intensity of radiation falling on its detec­
tors than is that of a pyrometer that meas­
ures in one wavelength band only. 

A conventional two-color pyrometer can 
resolve a target that subtends an angle of 
about 1/100 rad, but the modified pyrometer 
can resolve a target only 1/800 rad wide. 
Designed to measure the temperatures of 
objects in crystal-growing furnaces, the 
modified pyrometer has a dynamic range 
of 1,100 to 1,600 °e and a sensitivity of 5 
mV/oe. 

In a conventional two-color pyrometer, 
the image of the target is focused on the 
planar end of a bundle of optical fibers for 
transmission to the detectors. In the modi­
fied instrument, the image is focused on a 
hole 0.002 in. (0.05 mm) in diameter in a 
brass sheet near the end of the bundle, 
causing the image to be distributed so that 
the fibers are covered by defocused radia­
tion from the target (see figure). The pin­
hole ensures that radiation from only a 
small part of the target scene reaches the 
detector, thus providing the required spa­
tial resolution. Moreover, by spreading the 
radiation over the bundle, the pinhole en­
sures that the entire active area of the de­
tectors is utilized. 

In the first version of the instrument, 
using the modified optics with the commer­
cial signal-processing electronics, the 
Signal output of the detectors was too low 
to drive the signal-processing circuitry. The 
fixed logarithmic gain characteristic of that 
circuitry responded to low input signals 
with low gain, yielding a poor signal-to­
noise ratio. 

Accordingly, an entirely-new signal-proc­
essing package was designed and in­
stalled. It uses high-gain, high-stability, 
chopper-stabilized operational amplifiers. 
It also uses resistive feedback, which gives 
a higher signal-to-noise ratio than does log-
68 
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arithmic feedback. As a result, the modi­
fied pyrometer produces a Signal as quiet 
as that of conventional instruments but 
with only 1/64 the input radiation. 

Each of the two channels from the de­
tector - one for each color - feeds two 
stages of chopper-stabilized amplification. 
The stages consist of linear current-to-volt­
age converters and preamplifiers. The pre-

amplified signals are connected through 
shielded cables to scaling amplifiers and a 
linear divider circuit. After filtering, the out­
put of the divider goes to a panel meter and 
to a pair of output terminals. The output of 
the divider is calibrated internally by a pair 
of voltages fed to the input of the divider to 
simulate a known input from the detectors. 

This work was done by Donald B. 
NASA Tech Briefs, September 1989 
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ORDER YOUR FREE BOOK ON 
VESPEL® POLYIMIDE PARTS FROM DU PONT. 
VESPEL parts can pay for themselves 
many times over by providing high reliabil­
ity while keeping assembly costs, mainte­
nance costs and warranty claims low. 

Du Pont and VESPEL give you custom­
made quality parts together with profes­
sional assistance and single-source 
accountability from resin to parts - some­
thing you just don't get from other materials 
suppliers. 

VESPEL parts can resist both wear and 
creep at continuous temperatures ranging 
from cryogenic to 550°F (288°C) 
while withstanding excursions to 
900°F (482°C). VESPEL parts will 
not soften or melt - continuing 
to excel as tough thermal and 

VESPEL polyimide parts, made 
by Du Pont, have 25 years of 
proven performance - extend­
ing service life, reducing compo­
nent failure and cutting 
warranty costs in thousands of 
critical applications. 
Hundreds of millions of VESPEL 

Our VESPEL product team assists you from 
selection of composition and engineering of 
your custom part through prototyping and on­
time, on-spec delivery of parts manufactured 
under strict SPC conditions. 

electric insulators at temperatures that turn 
many other high-performance plastics to 
puddles. This thermal stability helps 

VESPEL parts perform at very high 
pressure velocities (PVs). In fact, 

VESPEL parts have demonstrated 
the ability to perform at PVs of up 

to 1,000,000 psi x fpm with lubrica­
tion , and 300,000 PV psi x (pm without 

external lubrication. 

Of course, PV limits and maximum contin­
uous use temperatures of virtually any 
material will vary from application to 
application depending upon a number of 
different factors. The only sure way to 
determine how VESPEL parts will perform 
in your application is to test them in your 
application. 
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Bickler, Paul K. Henry, and D. Daniel 
LoGiurato of Caltech for NASA's Jet Pr0-
pulsion Laboratory. For further informa­
tion, Circle 87 on the TSP Request Card. 

In accordance with PubliC Law 96-517, 
the contractor has elected to retain title to 

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. 

Hydrodynamic Stability and 
Frames of Reference 
Criteria of stability are 
different in different 
sets of coordinates. 

A report discusses the dependence of 
the criteria of hydrodynamic instability 
upon the frame of reference used to ana­
lyze the motion of a fluid. This theoretical 
topiC has practical implications since that 
instability is related to turbulence and is the 
source of noise, vibration, and other de­
structive effects in fluid machinery and 
structures immersed in fluids. 

A flow is considered to be unstable if a 
small disturbance in the velocity, pressure, 
stream function, or other characteristic 
grows into a large disturbance. Mathemati­
cally, the problem is usually treated by a 
linear small-perturbation analysis. In the 
example of this study, a small two-dimen­
sional disturbance velocity field is intro­
duced into an Inviscid, incompressible 
plane shear flow that is initially parallel to 
two walls that consmute the boundaries. 
The velocity field is expressed in both 
Eulerian (stationary - in this case, Carte­
sian) and Lagrangian (streamline) coordi­
nates. 

It is shown that, in general, the partial 
derivative of the stream function with re­
spect to time is not the same in these two 
frames of reference. The Lagrangian equa­
tions of flow are linearized with respect to 
the unperturbed shear flow, and a specific 
shear velocity profile is selected. It is 
shown that analysis of stability for this pro­
file based on the classical Orr -SOmmerfeld 
equation in Eulerian coordinates yields the 
conclusion that the flow is stable, even 
though the analYSis based on the stream 
function in Lagrangian coordinates shows 
the flow to be unstable. 

Thus, the use of the stream function in a 
criterion for instability of the velocity field 
can lead to different conclusions in differ­
ent frames of reference. The two conclu­
sions do not necessarily contradict each 
other, provided that one has a way of deter­
mining which one is related to the onset of 
turbulence. The distinction can be impor-

NASA Tech Briefs, September 1989 

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 

tant because the stability of streamlines is 
directly related, whereas the stability of the 
velocity field is only indirectly related, to the 
onset of turbulence. 

This work was done by Michail A Zak of 
Caltech for NASA's Jet Propulsion lab­
oratory. To obtain a copy of the report, 
"HydrodynamiC Stability and Frames of 
Reference, " Circle 82 on the TSP Request 
Card. 
NPO-17740 

Temperature Dependence 
of Elastic Constants of 
Polymers 
The theory of small elastic 
deformations of disordered 
solids at low temperatures 
is extended. 

Two papers extend the theory of the 
elastic constants of disordered solids to 
finite temperatures below their glass­
transition temperatures. These and related 
studies are part of the effort to understand 
the macroscopic mechanical properties of 
glassy polymers and similar materials on 
the basis of mathematical models of atoms 
arranged in lattices of unit cells, governed 
by the Lennard-Jones 6,12 potential 

U(R) = -AR-6+ BR-12 
where A and B are constants and R repre­
sents the distance between atoms. 

The first paper, entitled "Elastic Con­
stants of Disordered Solids II : Temperature 
Dependence," applies to cryogenic tem­
peratures. As in previous studies devoted 
to this theory, it begins by stating some 
relationships between the mathematical 
models and macroscopic thermodynami­
cal properties. It retains the previous as­
sumptions of anisotropic stress, strains 
small enough to remain within the linear 
elastic range, and central interparticle 
forces. 

At sufficiently low temperatures, the 
motion of the reference particle (the atom 
in question when computing on the micro­
scopic level) is treated by a quasi-harmonic 
approximation, in which the particle is re­
stricted to excursions close to the center of 
its unit cell. Under this approximation, all 
potential-energy terms of order higher than 
quadratic in the displacement are negligi­
bly small, and the motion of the reference 
particle at and near zero strain is that of an 
anisotropic harmonic oscillator, the fre­
quency of which depends on the volume 
and the strains. 

California Institute of Technology 
1201 East California Boulevard 
Pasadena, CA 91125 

Refer to NPO-17287, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 

This approximation accounts for an ini­
tial linear increase of the Poisson ratio J.I 
and a similar decrease of Young's modu­
lus Ywith increasing temperature. Numeri­
cal evaluation of the complete cell poten­
tial and of the free-volume integral shows 
that as temperature increases further, the 
increases in Y and J.llevel off to plateaus. 
The numerical evaluation also indicates a 
third, higher temperature region in which J.I 
increases and Y decreases more rapidly. 
The bulk modulus is but weakly dependent 
on temperature in these regions. 

The results for the third region require 
further examination, for upon a further in­
crease in temperature, the model be­
oomes invalid and predicts a reversal in the 
sign of the temperature coefficient of Y 
and impermissible values for J.I. This is 
qualitatively similar to the performance of 
the cell theory in predicting the thermal ex­
pansivity of glasses at low temperatures. 
An examination of experimental results for 
some inorganic and organic glasses indi­
cates the existence of the three tempera­
ture regions, or at least the last two. 

The second paper, entitled "Theory of 
Thermoelastic Properties for Polymer 
Glasses," develops a un~ied treatment for 
static oompressional and e1ongational prop­
erties at temperatures up to glass-transition 
temperatures. It derives equations for the 
extensional elastic moduli as functions of 
temperature and pressure by a generaliza­
tion of the equation of state. 

Whereas the previous paper confined 
itself to the low-temperature region, where 
the characteristic free-volume function is ef­
fectively frozen, this paper proceeds to 
higher temperatures, where the tempera­
ture and pressure dependence of this func­
tion playa decisive role. The static Young's 
and shear modulus and the Poisson ratio 
are computed, based solely on information 
derived from the equation of state. This is il­
lustrated by applications to po1y(vinyl ace­
tate) glasses at low and elevated pressures 
and for different formation histories. Further 
oomparisons with experimental results are 
presented for poly(methyl methacrylate). 

This work was done by Robert Simha and 
Elisabeth Papazoglou of Case Western 
Reserve University for NASA's Jet PropuI. 
slon Laboratory. To obtain a copy of the 
reports, "Elastic Constants of Disordered 
Solids 1/: Temperature Dependence," and 
"Theory of Thermoelastic Properties for 
Polymer Glasses," Circle 88 on the TSP Re­
quest Card. 
NPO-17762 
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Accelerated Testing of Photothermal Degradation of Polymers 
Arrhenius plots reveal maximum safe temperatures. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

10s 

t--l 

23 ' C 

OO ·C ~·----------------~----------------------

oooc£ _" __ -,--}<= _ __ 2_'_OS ::::~~ __ : 

1---- ~1.6~~~ 
Slg~~I~ 120'C ______________ ---1:'--__________ -__________ '" 

150'C 

~-3-.8-~~ __ ~~------¥ 

~ .... 1.-2-S ____ ... _.,.-... -.. 

1~'C ~~ _______________________________ -L __________________ ___ 

moc~C'~ 
2~oC L _____ --_ .. __ --...:.~ _______ 4_.9_S __ -_-_ .... _-_:.~ ..... ~_ ..... ':._ .... _ .... ~_ ... ~ .... -_ ... _ .... -~ 

Light { Signal ___ '--______________ --L ___________ ' 

Figure 1. The Concentration of Photogenerated Free Radicals in Kapton- polylmide is 
shown by ESR traces, which rise during a pulse of illumination, then decay. The time Indi­
cated next to each decaying signal Is the characteristic decay half life, TV,' 

72 

Electron-spin-resonance (ESR) spec­
troscopy and Arrhenius plots can be used 
to determine the maximum safe tempera­
ture for accelerated testing of photother­
mal degradation of polymers. ~ing can be 
accelerated by increasing the illumination, 
the temperature, or both. The results of 
aging tests at temperatures higher than 
those encountered in normal use are valid 
as long as the mechanism of degradation 
is the same throughout the range of tem­
peratures. A transition between different 
mechanisms at some temperature can be 
identified via a transition between activa­
tion energies, which manifests itself as a 
change in the slope of an Arrhenius plot at 
that temperature. 

The photothermal degradation of a poly­
mer involves the photogene ration of free 
radicals, which decay through recombina­
tion and cross-linking of polymer chains. 
The kinetics of formation and decay of free 
radicals can be monitored by ESR. Specifi­
cally, the polymer is illuminated with a 
pulse of light, after which the ESR signal 
decays. The kinetic parameter, k, is in­
versely proportional to the characteristic 
decay time of the ESR signal. 

The kinetic parameter of a given polymer 
is calculated from ESR measurements at 
several temperatures, then plotted versus 
the reciprocal of absolute temperature to 
fit the data to the Arrhenius equation 
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Figure 2. This Arrhenius Plot Is obtained 
from the data of Figure 1. The abrupt 
change In slope at 120'C Indicates a transi­
tion between different mechanisms of de­
gradation. 
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In(k) = A - flRT 
v.t1ere A is a constant, fa = the activaticC1 
energy, R = the ideaI-gas constant, and T = 
the absolute temperature. For example, 
Figure 1 sOONs ESR traces from photogen­
erated free radicals in Kaptone polyimide 
film at various temperatures, and Figure 2 
shows the resulting Arrhenius plot of the 
second-order rate constant, k 2' The simple 
linear relationship of the Arrhenius plot 
breaks off as the temperature rises above 
120 OC. Thus, one can safely study photo­
thermal degradation by accelerated aging 
of this material at terrperatures up to 120 "C. 

This work was done by Soon Sam Kim, 
Ranty Hing Uang, and Fun-Dow Tsay of 
Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Cir­
cle 74 on the TSP Request Card. 
NPO-17454 

Surrogate Seeds 
for Growth 
of Crystals 
Larger crystals of higher ~) 
quality can be grown. ~jI 

NA SA's Jet Propulsion 
Laboratory, 

Pasadena, California 
An alternative method for starting the 

growth of a crystal involves the use of a 
seed crystal of different material instead of 
the same material as that of the solution. 
The method is intended for growing single­
crystal proteins for experiments but is ap­
plicable in general to the growth of crystals 
from solutions and may also be applicable 
to the growth of semiconductor or other 
crystals from melts. 

The material for the surrogate seed 
must be insoluble in the solution and have a 
crystal lattice, the form and dimensions of 
which match those of the material being 
grown as closely as possible. Such a ma­
terial could be selected from a computer­
ized data bank of materials. 

Because the seed material does not dis­
solve in the solution, the temperature of the 
solution can be raised substantially higher 
than if a seed of the material to be grown 
were used. At the higher temperature, po­
tential crystal-nucleation sites are dis­
solved; with proper control of conditions, 
nucleation should occur only at the inter­
face between the solution and the seed. As 
a result, a single large crystal with few, if 
any, imperfections can be grown. 

This work was done by Paul J. Shlichta 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Circle 
128 on the TSP Request Card. 
NPO-17339 
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Polaroid's Ultrasonic 
Ranging System 
opens the door 

to new technology. 
It can be found in "non-touch" 
screen computer monitors, AGV's, 
industrial robotics, electronic 
games, tape measures, aids for the 
disabled, loading docks, collision 
avoidance systems for cars, trucks 
and pleasure vehicles. And, yes, it 
even opens doors. 

The Polaroid Ultrasonic Ranging 
System is an accurate, highly sensi­
tive way to detect and measure the 
presence and distance of objects 
from 10.8 inches to 35 feet. 
What's more, accuracy, sensitivity 
and range can all be improved with 
circuit modifications. 
Three of a kind. Polaroid offers 
three ultrasonic transducers for a 
wide variety of applications. You can 
choose the original instrument­
grade transducer, proven in millions 
of SX -70 Sonar Autofocus cameras. 
Or our Environmental Transducer, 
available in a sturdy 
housing to with­
stand exposure 
to rain, heat, 
cold, salt spray, 
chemicals, shock 
and vibration. And 
now you can select our newest, 
smallest transducer, developed for 
Polaroid Spectra, the camera of the 
future. All use reliable, accurate and 
sensitive electrostatic transducer 
technology. All are backed by 
Polaroid. 

Get a $2 Million Head Start. Polaroid spent over $2 million developing the Ultrasonic Ranging 
System. But now you can get this technology in our Designer's Kit for only $165*. To order your 
Designer's Kit, please send a check or money order for $165 for each kit, plus all applicable state 
and local taxes, to: Polaroid Corporation, Ultrasonic Components Group, 119 Windsor Street, 
Cambridge, MA 02139. Questions? Call Polaroid's Applications Engineers at617-577-4681. 
__ Please send me __ Designer's Kit(s). 
__ Please send more information. 

Name _______________ __ 

Title ______________ _ 

Company _____________ _ 

Address ~ I 
I City State __ Zip II Polaroid ~ I 
L · PriCing subject to change _________________ .. Polaroid ..... S~ .. ~pectra·~ ~ 
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Books and Reports 
These reports, studies, handbooks are 
available from NASA as Technical 
Support Packages (TSP's) when a Re­
quest Gard number is cited; otherwise 
they are available from the National 
Technical Information Service. 

The ACEE Program and 
Basic Research on 
Composites 
Significant results in the 
technology of composites 
were achieved between 1975 
and 1986. 

A NASA reference publication de­
scribes research in composites conducted 
at the Langley Research Center between 
1975 and 1986. The research includes 
Langley basic technology and the compos­
ite-primary-structures element of the NASA 
Aircraft Energy Efficiency (AGEE) Program. 
The basic technology documents cited in 
the bibliography are grouped according to 
the research activity; for example, design 
and analysis, fatigue and fracture, and 
tolerance to damage. The AGEE docu­
ments cover the development of compos­
ite structures for transport aircraft. 

A crossroads event in the history of re-

search on composites at the Langley Re­
search Center occurred in 1975. Before 
1975, the development of composites had 
proceeded from laboratory-scale experi­
ments to limited applications. The Langley 
research was focused in accordance with 
a 1972 Air Force/NASA Long-Range Plan­
ning Study for Composites (RECAST). The 
event that caused a fundamental change 
was the formation of the AGEE Program. 
From 1976 until its termination in 1985, the 
AGEE Program was the central element in 
NASA research on composites. 

Composite structures were one element 
of a comprehensive plan for the devel­
opment of aeronautical fuel-conservation 
technology. The goal of the. composite­
primary-structures element of the AGEE 
Program was to accelerate the application 
of composites to primary structures in new 
civil transport aircraft by (1) development 
of design and manufacturing techniques 
for composite empennage, wing, and fuse­
lage structures; (2) dissemination of tech­
nology throughout the transport industry; 
and (3) extensive flight-service evaluations. 

AGEE research on composites was per­
formed under contracts with the builders of 
transport aircraft and managed by a small 
project staff at Langley. An extensive base 
technology program in composite materi­
als and structures was performed under 

the auspices of Langley Research Center. 
Together the AGEE and Langley base re­
search programs produced results of ma­
Jor significance to the technology of com­
posites in the United States. 

This report summarizes the AGEE and 
base programs in composite materials and 
structures and presents an annotated bibli­
ography of the many reports and docu­
ments on the subject produced during the 
11 years from 1975 to 1986. The bibli­
ographyof over 600 publications, with their 
abstracts, is organized into subsections 
according to research disciplines or air­
craft structural components. An index of 
the authors of these documents is also pro­
vided. This report deals only with resin/ma­
trix composite materials. 

This work was done by Marvin B. Dowof 
Langley Research Center. Further infor­
mation may be found in NASA RP-1177 
[N87-29612], "The AGEE Program and 
Basic Com{X)Sites Research at Langley 
Research Center (1975 to 1986) - Sum­
mary and Bibliography." 

Copies may be purchased [prepayment 
required] from the National Technical/n­
formation Service, Springfield, Virginia 
22161, Te/ephone No. (703) 487-4650. 
Rush orders may be placed for an extra fee 
by calling (BOO) 3364700. 
LAR-14028 

COIL ~ PREMODIZED AWMINUM: 
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NOW, ANODIZING BEFORE 
FABRICATION 
Pre-Anodized Aluminum creates 
an explosion of new applications. 
It's being used right nr::JN to replace: 

Brass Stainless 
Bronze Hard-coats 
Copper Painted Surfaces 

IT'S ECONOMICAL 

As a lightweight metal, pre-anodized 
aluminum helps you save. Save 
50% in material handling alone, 
and triple your yield per pound. 

Circle Reader Action No. 332 

COIL IS YOUR SINGLE SOURCE 
From base metal to fabricating and 
finishing, Coil Anodizers is the 
world's largest single source for 
pre-anodized aluminum. 

Call or write for a 
FREE brochure, or 
send $4.00 
for a 

1960 S. Roberts / Muskegon. MI49442 
1 -800-654-1 159 
In Mich. 616-722-1631 
Fax. 616-726-6186 

A DIVISIon of Lorin Induslrles. Inc 
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Locked-on 
Performance ••• 

• Meridian's Quickpart gave us on Ado compilel in less 
than six months. Now we can concentrate on high 
petfalmance Ado computation, not on compilel details. ' 

(harles Wetherell, 
Ardent (omputer 

'Melidian's technology will allow us to glow ftam 
training to full scaled development into the '90s. 
Melidian designed a license fal us to train avel 300 
people and will allow us to glOduate into a 
developel's license. " 

Dr. Jerry Pix ton, 
Unisys Defense Systems 

'Metidian's flexibility in licensing allowed the univelsity 
to accommodate all of its Ado students, plaviding them 
with individual compilers for use in theil dorm rooms 
and in our laboratories. ' 

Richard Paffis, 
University of Washington 

Share in the 
Wealth of Ada. 

You can join these satisfied Meridian users. 
Of caurse, there ore plenty af good suppliers. And many platforms that 

run Ada. But far the best price/ performance ratio in the industry, you need 
Meridian. 

we can customize a site-license program to meet your special needs. Or you 
can become a technology licensee. We port the fastest in the industry and 

we con lead you into the Ada morket in less than six months. In short, 
whatever your need, Meridian can meet it. 

After all, we were the first to bring Ada to the native IBM P( TM and 
Macintosh ™ environments. Then we developed support for Sun 
workstations, DECstation™ 31 DO workstations, and almost every 
IBM clone. 

If it's training for yaur corporation or university you're after, 
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So call us today. And get the AdaVantage. ™ 
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Analyze Your Data 
with the Most 

Complete and Reliable 
Statistical Software 

When your research goes 
beyond the basics, you can't 
beat BMDP-the most complete 
package for 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, ti me series, life 
tables, survival analysis, 
repeated measures ANOVA, 
and much more. 

BMDP is well respected, widely 
used, and 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 
Los Angeles, Cal~ornia 90025 

Fax (213) 312-0161 
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Computer Programs 
76 Calcul8tlng Transonic Flows About Airfoils 
76 Calcul8tlng TraJectorlas and Orbits 
78 Variable-Metric Algorithm for Constrained 

Optimization 

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

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

COSMIC's inventory is updated regularly; new 
programs are reported in Tech Briefs. For 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 dlreclly for a free 

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

0M8ChlniCS 

Calculating Transonic 
Flows About Airfoils 

Small disturbances and 
aeroelastic effects 
can be simulated, 

The XTRAN2L computer program is used 
to calculate two-dimensional transonic 
flows about airfoils. XTRAN2L uses a time­
accurate. a~emating-direction. implicit (ADI) 
finite-difference scheme to solve the two­
dimensional complete unsteady transooic 
small-disturbance equation. Engquist-Osher 
monotone spatial differencing is used in the 
ADI solution algorithm to provide a robust 
and efficient program. 

Airfoil-flow-tangency boundary condi­
tions are defined to include the contour of 
the airfOil, the deformation of the chord, 
plunge displacement. pitch, and deflection 
of the trailing edge of the control surface. 
The wake is represented as a slit doNn­
stream of the trailing edge of the airfoil. 
Nonreflecting far-field boundary conditions 
are included to minimize reflections of 
disturbances of the floo.v fl8ld from the com­
putational boundaries. 

Three types of unsteady motion can be 
specified to define the plunge displacement. 
pitch. and deflection of the trailing edge of 
the control surface. These types of motion 
are as follows: (1) forced harmonic. (2) 
pulse. and (3) aeroelastic transient. The 
forced harmonic and pulse motions can be 
used to determine the real and Imaginary 

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

COSMIC is part of NASA's Technology Utiliza· 
tlon Network. 

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

components of the unsteady aerodynamic 
forces in the frequency domain. 

The forced-harmonic-motion procedure 
uses analysis of the instantaneous forces 
calculated over the last cycle of motion to 
determine the harmonic components of 
force. The puls&mOtion procedure (an alter­
nate to the forced harmonic-motion pro­
cedure) calculates aerodynamic transients 
based upon causing the airfoil to undergo a 
small prescribed pulse in a specified mode 
of motion. Fourier analysis can then be 3JF 
plied to the aerodynamic-force-versus-time 
histories to determine the harmonic c0m­

ponents of force. 
The aeroelastic-transient capability en­

ables the user to determine the history of 
motion of the airfoil at agiven floN condition. 
The equations of motion of the structure are 
coupled with the procedure for solution of 
the equations of aerodynamic motion. and 
the two are integrated simu~aneously to 
determine the history of motion. 

XTRAN2L was developed on a CDC 
CYBER mainframe computer running un­
der NOS 2.4. It is written in FORTRAN V and 
uses overlays to minimize storage require­
ments. The program requires 120Kofmem­
ory in overlayed form. XTRAN2L was devel­
oped in 1987. 

This program was written by David A. 
Seidel. John T. Batina. and Woodrow 
Whitlow, Jr., of Langley Research Center. 
For further information. Circle 107 on the 
TSP Request Card. lAR-13899 

Calculating Trajectories 
and Orbits 
Two programs calculate 
the motions of spacecraft 
and landers. 

The Double Precision Trajectory Analysis 
Program. OPTRA.I. and the Orbit Determi­
nation Program. OOP. have been developed 
and improved over the years to provide the 
NASA Jet Propulsion Laboratory with a 
highly reliable and accurate navigation 
capability for their deep-space missions 
like the Voyager. OPTRA.I and OOP are 
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Introducing DADiSP 2.0 
I 

DADiSP. The Big Picture in 
Signal Processing 

DADiSP - interactive graphics and data analysis soft­
ware for scientists and engineers. DADiSP 2.0 delivers 
unprecedented power, through easy-to-use menus. Choose 
from hundreds of analysis functions and graphic views -
from tables to 3-D. Simultaneously display 
multiple windows, each with different data or 
analyses, for unlimited perspective on your 
toughest data analysis problems. 
Build your own analysis worksheets -
build and display an entire signal processing 
chain, without programming. And DADiSP's 
powerful graphic spreadsheet automati­
cally recalculates and updates the entire 
chain if you change your data or a 
processing step. 
Do serious signal processing ... the way 
you always pictured it! FFTs, digital filter 
design, convolutions, waterfall plots, and more 
- all at the press of a key. 
Let your instruments do the talking - use DADiSP-
488 to bring data from your instruments directly into a 
DADiSP window for immediate viewing and analysis. 

Flexible, expandable, customizable - annotate your 
graphs and send them to printers, plotters, or publishing 
packages. Create your own macros, automate routine 
tasks, and run any program written in any language from 

within DADiSP. DADiSP even lets you build 
your own menus. 
A proven standard - already used by 
thousands of engineers and scientists world­
wide, in a whole range of applications like 
medical research, chemistry, vibration 

analysis, communications, manufacturing 
quality control, test & measurement, and 
more. DADiSP supports the IBM PC 
and PS/2, SUN, DEC VAX, HP 9000 and 
Concurrent families of personal computers 
and workstations. 

GET THE PICTUREI 
CALL TODAY 617-577-1133 
Ask for our Evaluation Disk. For more 

information, write to nsp Development Corporation, 
One Kendall Square, Cambridge, MA 02139, 
or FAX: 617-577-8211. 

DSP 
Development 
Corporation 

AustraHa-Interworld Electronics, 03 521-2952; England-Adept Scientific, (0462) 683355; Biosoft, (0223) 68622; Finland-Turion, 0-372-144; 
France-SM2l, (1) 34810178; Sacasa, 69077802; West Germany-Datalog, (02166) 46082; Stemmer Electronik, 089-809 02-0; lsrael-Racom Electronics, 
03-491-922; Italy-BPS Computers, (02) 61290221; Japan-Astrodesign, 044-751-1011; Netherlands-Computer Engineering Roosendaal , 01650-57417; 

New Zealand-GTS Engineering, (09) 392 464; Sweden-Systek, 013 110140; Switzerland-Urech & Harr AG, 61 611325; Taiwan-Advantech, 2-351-2117 
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Write For Your Free 
Edmund Scientific 
164 Page Catalog. 
------~ • LENSES 

• PRISMS 
• MIRRORS 
• FIBER OPTICS 
• OPTICS 
• LASERS 
• MAGNETS 
• MAGNIFIERS 
• MOTORS/PUMPS 
• TELESCOPES 
• MICROSCOPES 
• POSITIONING 

EQUIPMENT 
• COMPARATORS 

Features over 5,000 products! 
Our new, full color catalog describes one 
of the largest and most diversified lines in 
the nation of precision lenses, optics and 
optical instruments plus many hard-to-find 
scientific and technical products used in 
science, industry and by researchers . 

__ Serving Industry Since 1942 

__ Edmund Scientific Co. 
Dept.19B1, N944 Edscorp Bldg., Barrington, NJ 08007 
Tel. (609) 573-6266 Fa«. (609) 573-6295 Telex 831-564 

:. . :. .. :.' . ... .. ' 
Now the power of 

STATISTICAL 
EXPERIMENT 

DESIGN 
made easy for you 

Stat-Ease offers you two powerful, 
menu-driven programs: 

DESIGN-EASP"software for two­
level factorial, fractional factorial & 
Plackett-Burman designs. ($300) 

NEW 'C:OMPLE1'E~ivlSEDt 
DESIGN-EXPERT'M Version 2 
software for response surface (central 
composite and Box-Behnken) and 
mixture (simplex and extreme verti­
ces) designs . ($695) 

These programs help you choose, set 
up and analyze experiment designs. 
They run on IBM personal computers 
and compatibles. 

To purchase or receive more informa­
tion contact: 

Stat-Ease, Inc. • 3801 icoUet Ave. So. 
Minneapolis, MN 55409 • (612) 822-5574 --S:rA1T-£)1&E 

INC_ 

Practical DOE Workshops 
Call/or In/ormation & Dates 
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each collections of programs that work 
together to provide the desired computa­
tional results. OPTRA..l, OOP, and their sup­
porting utility programs are capable of 
handling the massive amounts of data and 
performing the various numerical calcula­
tions required for solving the navigation 
problems associated with planetary fly-by 
and lander missions. They were used ex­
tensively in support of NASA's Voyager 
project. 

OPTRAJ produces a spacecraft ephem­
eris by numerical integration of the equa­
tions of motion, which can be formulated 
using a full set of mathematical models of 
acceleration. For each particular trajec­
tory case, the extent of the modeling em­
ployed and the precision of the integration 
process are controlled by specifications 
entered by the user. The equation of motion 
includes four types of terms. M accelera­
tion term accounts for the basic conic mo­
tion of the spacecraft with respect to the 
central body. Terms that measure the at­
traction of the perturbing bodies on the 
spacecraft and terms that indirectly affect 
the motion as perturbations on the central 
body can be included. Terms are also pro­
vided to account for other gravitational and 
nongravitational effects on the motion. 

The function of OOP is the processing of 
the observational data in order to compute 
precise estimates of the position-coordi­
nate histories of the spacecraft or lander. 
This function is executed by processing the 
observational data and auxiliary calibration 
information. OOP also computes a space­
craft-state vector, or a lander-position vec­
tor, along with parameters that define the 
acceleration. The heart of the OOP proc­
ess is a data-fitting subprocess in which 
validated, ed~ed, and corrected observa­
tional data are transformed into a state­
vector estimate. The derived state-vector 
estimate can then be used to generate an 
estimated trajectory. This trajectory con­
tains the final product of the orbit <letermin­
ation process, which is the time evolution 
of the estimated position coordinates of the 
spacecraft or lander. 

OPTRAJ-OOP is available in two ma­
chine versions. The UNIVAC version (NPO-
15586) is written in FORTRAN V, SFTRAN, 
and ASSEMBLER. (A processor is supplied 
for SFTRAN, a structured FORTRAN.) 
OPTRAJ and OOP have been implemented 
on a UNIVAC 11DO-series computer. The 
VAXNMS version (NPO-17201) is written in 
FORTRAN V. SFTRAN, PU1 and ASSEM­
BLER. It was developed to run on all 
models of OEC VIV( computers under VMS 
and has a central-memory requirement of 
3.4 Mb. The UNIVAC version was last up­
dated in 1980. The VAXNMS version was 
developed in 1987. 

This program was written by Daniel J. 
Alderson, Franklyn H. Brady, Peter J. 
Breckheimer, James K. Campbell, Carl S. 
Christensen, James B. Collier, John E. 

Ekelund, Jordan Ellis, Gene L. Goltz, 
Gerarld R. Hintz, VICtor N. Legerton, Faith 
A McCreary, Robert T. Mitchell, Neil A 
MoWnger, Benjamin A Moultrie, Theodore 
D. Moyer, Sheryl L Rinker, Mark S. Ryne, L 
Robert Stavert, Richard F. Sunseri, Tseng­
Chan Michael Wang, and Peter J. Wolff of 
Caltech for NASA's Jet Propulsion lab­
oratory. For further information, Orcle 110 
on the TSP Request Card. NPO-17201 

G Malhemallcs and 
~ Informallon SCiences 

Variable·Metric 
Algorithm for Constrained 
Optimization 

A function is minimized 
subject to equality and 
inequality constraints. 

The Variable Metric Algorithm for Con­
strained Optimization (VMACO) is a nonlin­
ear computer program developed to cal­
culate the least value of a function of n 
variables subject to general constraints 
(both equality and inequality). Generally, 
the first set of constraints is an equality (the 
target) and the remaining constraints are 
inequalities (boundaries). The VMACO pro­
gram utilizes an iterative method in seeking 
the optimal solution. It can be "hooked" in­
to a driver program (examples are provid­
ed), which can calculate the values for the 
real function, constraints, and their first­
order partial derivatives with respect to the 
control variables. 

It is assumed that the objective function 
is convex and unimodal. The user should 
be familiar enough with his or her simula­
tion so that local maximums and mini­
mums can be recognized. 

The algorithm is based upon a variable­
metric method presented by M. J. O. 
Powell and a quadratic programming meth­
od by R. Fletcher. This implementation re­
quires more overhead in calculating each 
new control variable, but fewer iterations 
are required for convergence. In com­
parison with other algorithms, it has been 
found that VMACO handles test cases with 
constraints particularly well and that less 
execution time is necessary for conver­
gence. 

VMACO is written completely in ANSI 
Standard FORTRAN 77. The code is inter­
nally documented and modularly struc­
tured with rigid coding standards. The pro­
gram requires approximately 26K of 8-bit 
bytes of central memory and was first re­
leased in 1988. 

This program was written by James D. 
Frick of McDonnell Douglas Corp. for 
Johnson Space Center. For further infor­
mation, Orcle 1 on the TSP Request Card. 
MSC-21275 
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THERE'S A NEW 
STANDARD IN REAL·TIME 

COMPUTING FOR MEASUREMENT 
AND CO IItQL 

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

Cost-effective real-time computing power coupled 
with standards like VMEbus,TM X Window system ,TM 
DECnet,'M 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 
can shorten your software development cycle, lower 
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. 

Title ____________ _ 

Company __________ _ 

Address __________ _ 

Clly ____ ST ___ Z,p __ _ 

Computer Corporation 

VMEbus'" 's a trademark of Motorola Corporalion X W'ndow system'" IS a trademark of MIT 
DECne!'" ,s a trademark of Digital Equipment COrporal,on UNIX' 'S a Irademark 01 AT&T Circle Re.der Action No. 581 
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Piecewise-Linear Computation of Creep 
An analogy is drawn between thermal and creep strains. 

creep at the end of a given number of in· 
crements of time is computed from the 

______________________________ cumulative creep strains of the individual 

Ames Research Center, Moffett Field, California elements. Rrst, the structure is treated as 
being at a uniform temperature. Next, the 
coefficients of thermal expansion of the 
creeping elements are altered to simulate 
the cumulative creep strains previously 
computed for those elements. Rnally, the 
altered coefficients are submitted as new 
inputs so that the residual creep stresses 
are calculated as though they were the re­
sult of elastic strains. 

The theory of elastic and inelastic stress­
es and strains in isotropic materials can be 
blended with finite-element computer pro­
grams to calculate residual stresses due to 
creep in structures. All analogy is drawn 
between thermal expansion and creep, en­
abling the use of the thermal-stress com­
putational approach to calculate the creep 
stresses and strains. All overall transient 
solution is obtained by piecewise-linear 
iterations. 

The theoretical basis is provided by 
Hooke's law for stresses and strains in an 
isotropic material, plus the expression of 
the total strain as the sum of elastic and in­
elastic components. The solutions of prob­
lems in inelasticity can be changed to 
those of problems in elasticity via a general 
analogy in which the distribution of strains 
in a body subject to a given set of body and 
surface forces with inelastic strain is the 
same as the distribution of strain in an iden­
tical body with no inelastic strain but with 
an additional set of body forces. 

The inelastic component of strain is de­
composed further into a component due to 
creep and a component due to thermal ex­
pansion. (Although thermal expansion can 
be reversed by a reversal in the increment 
of temperature, at a given fixed tempera­
ture for which a calculation is performed, 
the accumulated thermal expansion be­
haves mathematically as though it were an 
irreversible inelastic strain.) The difference 
between the total and inelastic strains is 
then substituted for the elastic strain in 
Hooke's law. 

A representative computation (see fig­
ure) begins with the entry of data on the 
geometry, forces, temperatures, and prop­
erties of the materials, for use in calculat­
ing the elastic and thermal stresses on 
elements of the structure. The computed 
stresses in each element are inserted in 
the applicable creep law to determine 
whether they are sufficient to make that 
element creep. If the element is found to 
creep, then its creep strain during a speci­
fied interval is calculated on the basis of 
the creep law, which specifies the rate of 
creep as a function of the stress and tem-

80 

perature. The interval is the increment of 
time that is chosen to be short enough to 
enable the solution to converge to accept­
ably accurate values. 

The creep strain in each creeping ele­
ment is then converted to an equivalent 
fictitious component of thermal strain -
preferably by adjusting the coefficient of 
thermal expansion. In the case of a tran­
sient problem, at this instant different tem­
peratures and forces are submitted, and a 
new set of stresses in the elements is com­
puted for comparison with the creep laws. 
Mditional creep strains are compiled and 
converted to additional fictitious thermal 
expansions so that the cycle can be re­
peated for more increments of time. By this 
iterative process, the operating stresses 
and changes in operating stresses with 
time are identified. 

The total residual stress caused by 

Enter Increment At Least 
of Time for One Element 

Convergence Creeps 

t ~ 
Modify Coefficients of Thermal 

expanSion for Consistency 
With Creep Law 

Enter New Temperatures, 
Forces, and Properties 

t 
Accumulate Creep Strains -------- ----

Reformat for 
Residual-Strain Input 

This work was done by Jerald Jenkins of 
Ames Research Center. Further informa­
tion may be found in NASA TMa3813 [N87-
23995], "Inelastic Strain Analogy for Piece­
wise Linear Computation of Creep 
Residues in Built-Up Structures." 

Copies may be purchased [prepayment 
required] from the National Technical In­
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. 
Rush orders may be placed for an extra fee 
by calling (BOO) 336-4700. 
ARC-12142 

Enter Temperatures, 
Forces, Properties 

of Materials, 
Sizes, and Shapes 

* Compute 
Elastic Stresses 

In Elements 

+ 
! No !A"'"" Creeping 

8. No Elements 
: Stresses I 

~ Creep 
I-

Stresses 

CREEP LAW 

Creep Stresses In a structure are computed In an Iterative process in which cumulative 
creep strains are treated as fictitious changes In coefficients of thermal expansion. 
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Dynamic Delamination Buckling in Composite Laminates 
A finite-element computer program performs a linear buckling analysis at each time step. 

Lewis Research Center, Cleveland, Ohio 

Under impact loading, composite lami­
nates are subject to dynamic local delami­
nation and buckling, with consequent loss 
of both stiffness and strength. A procedure 
for the mathematical modeling of dynamic 

delamination buckling and propagation of 
delamination, with plate bending elements 
and multipoint constraints, has been devel­
oped and incorporated into a finite-element 
computer program. The program predicts 

Assemble 
St! ffnesa and 

Masa Matrices 

r--- - - -- ---- - - -, 

I 
DYNAMIC·BUCKLING ALGORITHM I 

..-____ -,--1 Calculate I I Elgenvectofs 

Form 
Applled-Load 

Vector 

Integrate equations 
of Motion Over 
One Time Step 

2 Elements 

~ 

I I 
I I 

J----11 ~ Recovef CUffent I 

I Displacements (6) Matrix, I 
[1<0) = [1<0(6)) 

L __________ -1 

z 

~ x 

100 Elements 

1--1.27 cm -I 

\ L ~~~~~ 4 Elements 

[ 0.064 cm 0.51 cm 

Typical Element 

FINITE·ELEMENT MODEL OF IMPACT 
SPECIMEN 

IMPACT SPECIMEN 
WITH BUCKLED 
SUBLAMINATE 

Figure 1. A Dynamlc·Buckling Algorithm is added to a finite-element-analysls program to 
model dynamic local delamination and buckling in composite laminates subjected to im­
pact loads. 
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Figure 2. In a Cantilevered Laminate Speel· 
men with an Initial delamination, the low­
est eigenvalue reached unity at 150 '"'S, Indi­
cating the onset of buckling. 

the time at which delamination buckling 
occurs, the shape of the dynamic-buckling 
mode, and the strain-energy-release rate 
due to the extension of the delamination 
crack. The method could be extended to 
handle such other defects as transply and 
edge cracks. 

The direct time-integration solution se­
quence in the finite-element program MSCI 
NASTRAN, Version 65A, is altered so that a 
linear buckling analysis is performed at 
each time step (see Figure 1). The buckling 
analysis requires the solution of the eigen­
value equation 

[I<] + l[KJ {+} = 0 

where [I<] is the structural-stiffness matrix 
and [KJ is the stress-stiffness matrix. Each 
scalar eigenvalue that satisfies this equa­
tion represents the dimensionless ratio 
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objects and potential threats. 
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A = {aA)/p., where 0 is the time-dependent 
compressive longitudinal stress in the de­
laminated sublaminate, A is the cross-sec­
tional area of the sublaminate, and p. is the 
critical compressive load that will make the 
sublaminate buckle. When such an eigen­
value falls to unity, buckling occurs in the 
mode, the shape of which is described by 
the corresponding eigenvector {+}. 

The propagation of the initial delamina· 
tion is modeled by removing, at the appro­
priate nodal points, the constraints that 
prevent the elements of neighboring plies 
from penetrating or separating from each 
other. This procedure increases slightly the 
total number of degrees of freedom while 
keeping the number of elements and the 
element mesh In the finite-element analy­
sis constant as the delamination crack ex­
tends, but it greatly simplifies the simula­
tion of the extension of the crack. 

Numerical simulations of transverse im­
pact loading of a unidirectional·laminate 
beam rigidly supported at both ends show 
that delaminations near the outer surface 
are susceptible to dynamic buckling and 
buckling·induced propagation. In the ab­
sence of reflections of flexural waves from 
the ends and/or the supports, transverse 
impact at a point near a delamination 
causes the delamination to propagate 
tCl'Nard the point of impact, with little or no 
extension in the opposite direction. 

The validity of the method has been test­
ed experimentally by using it to predict 
buckling in a cantilevered specimen for 
which experimental data were available 
(see Figure 2). The calculated onset of de­
lamination at approximately 150 IJ.S after 
the beginning of impact is in reasonable 
agreement with data from hlgh·speed pho­
tography, which shooed that the buckling 

Capillary-Pumped Heat-Transfer Loop 

of the delamination and the initial extension 
of the crack started between two frames 
taken 125 and 187.5 fIS after the beginning 
of the impact. 

This 'NOrk was done by Joseph E. Grady, 
OIristos C. Chamis, and Robert A. Aiello of 
Lewis Research Center. Further informa­
ron may be found in NASA TM-100192 [N87-
28611], "Dynamic Delamination Buckling 
in Composite Laminates Under Impact 
Loading: Computatiooal Simulation." 

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) 33&4 700. The report is 
also available on microfiche at no charge. 
To obtain a microfiche copy, Orc/e 102 
on the TSP Request Card. 
LEW-14745 

A new system offers advantages of a heat pipe without its limitations. 

Marshall Space Flight Center, Alabama 
A new type of capillary-pumped heat­

transfer loop primes itself at startup; it 
needs no external pumps for priming the 
working fluid. The new loop can remove 
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substantial quantities of heat like that gen­
erated by people and equipment in rooms 
and vehicles. A demonstration unit re­
moves heat loads as high as 2 kW. It ap-

Heat In 
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! 
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I 
I 

Condensation I Begins on Wall 

Figure 1. A Capillary-Pumped Loop creates a continuous path for Its working fluid (water); 
both vapor and liquid move In the same direction. A key element In the operation of the loop 
Is the formation of slugs of liquid, condensed from vapor and moved along the loop by vapor 
bubbles before and after It. 
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Figure 2. Both the Evaporator and the C0n­
denser contain axial arteries that carry 
water. Heat entering the evaporator from 
the heat source provides the energy for the 
transport of fluid and heat. Dimensions are 
in Inches. 
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FORTRAN VERSION 

Get maximum compute-engine 
performance for every applica­
tion, with Math Advantage® 
fromQTC. 

Math Advantage is the de facto 
standard for math libraries in high­
speed computing envirorunents. It's 
developed and optimized by QTC's 
tearn of mathematicians, applications 
engineers , and supercomputer 
experts. It features over 260 fre­
quently used but hard-to-program 
subroutines. And it runs on over 40 
systems ranging from Cray X-MP 

to ruM PC, Cyber to VAX, Sun 
to Mac. 

Best of all, Math Advantage gives 
you FORTRAN, C, and Ada 
versions of algorithms like FFTs, 
eigensolvers , matrix operations, 
and BLAS, all completely 
ready-to-run. So it helps 
you optimize the most 
valuable resource of 
all-your time. 

Because it's from 
QTC, the experts in high­
perfonnance development 

Math Ad vantage and Toolsmith Series· are regiSiered trademarks of Qua nUl alive TeChnology Corporation. 
Copyright 0 1989 Quant;tat;ve Technology Corporation. 

TOOLSMITH SERIES~ 

tools, Math Advantage also comes 
with unmatched documentation, sup­
port, and technical excellence. 

See for yourself-over 10,000 
Math Advantage users already 

have. Contact QTC at 
1-800-234-0168, or 

T~lex 910 240 2827 
I r more 
Illfonnation. 
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pears feasible to enlarge the system to 
handle as much as 50 1tMI. 

Unlike in a heat pipe, the liquid and va­
por in a capillary loop do not flow in q::posite 
directials in the same sectioo of ~ tx.rt in­
stead fIcm i1 the same drectioo a.ro..nd the 
loop. Furthermore, the wick occupies only 
the evaporator and condenser sections 
and not the full length of the tube as in a 
heat pipe (see Figure 1). The working fluid 
evaporates from the surfaoe of the wick, 
which is heated by the load. In the nfm 
loop, the working fluid is water, and the 
wick and tubing are made of titanium. 

The water vapor moves along the loop 
to a region of lower temperature, where it 
begins to condense. At first, the conden­
sate forms a ring around the inside of the 
pipe and is dragged along the pipe by the 
flowing vapor. Eventually the mass of the 
condensate grows large enough so that 

surface tension forces the condensate to 
bridge the diameter of the pipe, forming a 
slug of liquid. 

The slug behaves like a piston in a cylin­
der. The pressure of the vapor behind the 
slug pushes it along, and the partial vacu­
um of the condensing vapor before the slug 
pulls it along. Liquid pistons make it possi­
ble for capillary-pumped loops to carry 
large quantities of heat over long distan­
ces. The heat-transport distance is 1 m in 
the demonstration unit and is expected to 
be 10 m in a scaled-up unit. 

A conventional capillary~ ~ re­
quires an external pump to feed wor1<ing fluid 
to the evaporator when heat exchange is 
started. The nfm evaporator, however, is de­
signed so that water never boils away from 
it completely. It always retains enough liq­
uid water to start the heat-exchange cycle. 
It is fully passive, derMng its power from 

the heat load. It is also highly reliable be­
cause pumps and valves are eliminated. 

The evaporator in the nfm unit consists 
of a thin-walled titanium tube, lined with a 
sintered pc>'Miered titanium wick at the top 
of its cross section and with a D-shaped 
block wick of the same material at its bot­
tom (see Figure 2). Extending axially 
through the block wick is an artery for liquid 
water. 

The condenser is a titanium tube with 
circumferential grooves to aid the transfer 
of heat from the vapor. A crescent-shaped 
block wick - also of sintered titanium -
collects the condensate. An artery in the 
wick carries the condensed water to the 
tube that leads to the evaporator. 

This work was done by Thermacore, 
Inc., for Marshall Space Right Center. 
For further information, arc/e 57 on the 
TSP Request Card. MF8-27196 

Expansion Valve With Temperature-Sensitive Flow Regulation 
~J A variable-area orifice adjusts the flow of cryogenic vapor. 

John F. Kennedy Space Center, Florida 
A Joule-Thomson expansion valve is de­

signed so that particles or condensed con­
taminants in the vapor flowing through it 
are unlikely to clog its orifice. In addition, 
the nfNoI valve automatically adjusts the flow 
of the vapor; it allows a high initial flow for 
rapid cooling, tx.rt gradually reduces the flow 
as the operating terllJ9rature is reached. 
The flow can also be adjusted manually 
when necessary. 

The valve was developed for the expan­
sion of high-pressure vapors to condense 
them into low-pressure cryogenic liquids. 
The valve could be used, for example, to 
conserve helium coolant in a supercon­
ducting system by condensing the vapor 
boiling from a liquid-helium bath. 

In a conventional small Joule-Thomson 
nozzle, the apertures are so fine that they 
soon become blocked by condensed con­
taminants in the expanding medium. In the 
nfm valve, however, expansion takes place 
in an annulus rather than in a single circu­
lar hole (see figure). The annulus provides a 
relatively-large peripheral surface for a 
small cross-sectional flow area, so that 
complete clogging by particles is less likely 
than in the case of fine apertures. In addi­
tion, grooves in the annulus region serve as 
reservoirs for particles, further reducing 
the possibility of clogging. 

The automatic flow adjustment of the 
nfm valve results from the carefully ch0-
sen coefficients of thermal expansion of 
the valve components. The core of the valve 
is made of glass-reinforced epoxy resin, 
which combines a low coefficient of expan­
sion with a low thermal conductMty. Cover­
ing the core is a sheath of aluminum, which 
combines a high coefficient of expansion 
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labyrinth Expansion) 
Spoiler 
Grooves 

Cryogenic Vapor Flows Through a CoIled Tube and Into an annulus, where It expands and 
condenses. In flowing through the tube, the vapor cools the supporting core and its sheath. 
Because the sheath contracts thermally more than the core does, the flow area of the annu­
lus Is gradually reduced. 

with a high thermal cordJctivity. The sheath 
tapers at the grooved tip of the core, form­
ing the annulus. At startup, the cross­
sectional area of the annulus is at a maxi­
mum, and the mass flow of the fluid is high. 
As the sheath and core are cooled by the 
medium, which flows around them through 
a coiled tube, the sheath contracts more 
than the core does, becoming both shorter 
and smaller in diameter. It thus red.Jces the 
cross-sectional area of the annulus and 
reduces the flow. 

The valve is equipped with a locking mi­
crometer with which the operator can 
manually vary the initial flow or make fine 
adjustments in the steady-state flow. This 
feature allows the same nozzle to be used 
over a range of flow rates and in a variety of 
applications. 

This work was done by Graham Walker 
and Kelly Hedegard of General Pneumat-

ics Corp. for Kemedy Space Center. For 
further information, arcle 41 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 the commercial use of this invention 
should be addressed to 

General Pueumatics Corporation 
7662 E. Gray Road, Suite 107 
Scottsdale, AZ 85200 

Refer to KSC-11372, volume and number of 
this NASA Tech Briefs issue, and page 
number. 
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Inframetrics infrared iInaging: 
to see, to quantify, to understand. 

~
hether you're looking for 

pressure leaks in an aircraft 
fuselage or fluid ingress in the 

- flaps; electrical system hot spots or excessive bear-
ing friction; delamination in composite struc-

__ , . .u •• .,or shorts in a multilayer printed circuit 
board ... the infrared diagnostic technology 

of Inframetrics systems will quickly give 
you the answers you need. 

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

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

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

A complete system, cart-mounted, with optiunal VCR 
and Polaroid hard copy system, goes anywhere. 

ThermaGRAM is a registered trademark of 
Thermoteknlx Systems Ltd .• Cambridge. England. 

Model 600 on the lab 
bench .. . stalwart of 
sophisticated radi­
ometers. 

Model 600 provides spot temperatures of 
components on PC board. Line scan profil­
ing, isotherm contouring and area measure­
ment are all standard, without computer 
interface. 

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

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

Just consider the possibilities. 

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

Model 445 high resolution thermal 
imager shaws delamination in a com­
posite panel. I deal for qualitative 
analysis, nondestructive testing, 
security systems, more. 

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

inframetrics Thllnlr.,ld Splcllnltl 

16 Esquire Rd. , No. Billerica MA 01862-2598 Offices worldwide 
TEL 508-670-5555 • FAX 508-667-2702 • TWX 710-326-0659 
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High-Temperature Strain-and-Temperature Gauge 
A two-element gauge is used alternately in two different bridge 

~~ circuits to measure both temperature and strain . 

Marshall Space Flight Center, Alabama 

A three-lead strain·and-temperature 
gauge of a type that has fallen into disuse in 
recent years has been developed for use 
at temperatures up to 750 OF (390 "C) on a 
fiber·reinforced carbon/carbon composite 
material that has a coefficient of thermal ex­
pansion of 0.8 ppm/°F (1.4 ppm/"C). Unlike 
most temperatur~ompensated gauges, 
the outputs of which show hysteresis, this 
gauge gives accurate results even during 
rapid heating and cooling cycles. Similar 
gauges of this type can be produced for 
materials with different coefficients of ther­
mal expansion. 

The total strain in a material includes me­
chanical strain due to stress plus apparent 
strain due to thermal expansion. To meas· 
ure mechanical strain, it is necessary to 
compensate for the purely thermal compo­
nent in the output of a strain gauge. This 
gauge comprises two wire sensing grids, 
the temperature coefficients of electrical re­
sistance of which have opposite signs (see 
figure). The wires of the two grids are se­
lected to have temperature coefficients of 
the proper magnitudes to provide changes 
of resistance with temperature that are 
equal in magnitude but opposite in sign 
when the gauge is bonded to the carbonI 
carbon or other substrate material. To 
measure strain, the two elements are con· 
nected in series and connected as one 
arm of a Wheatstone bridge, so that the 
strain components of the outputs of the 
two grids are added in the overall output 
signal while the components due to tem­
perature cancel each other in the overall 
output. To measure temperature, the gauge 
is used as a three-terminal device forming 
half of a Wheatstone bridge: In this configu­
ration, the temperature components are 
added together while the strain compo­
nents cancel each other. 

The elements of the gauge are made of 
Hitec K- (or equivalent) alloy wire. An­
nealed K-alloy wire, which has a high posi­
tive temperature coefficient of electrical 
resistance, is used for one element. K-alloy 
wire can be treated to produce a negative 
temperature coefficient of the desired 
magnitude for the other element. In this 
case, the negative element is treated so 
that it would be temperatur~ompensated 
if used along with a material that has a co­
efficient of thermal expansion of 6 ppmloF 
(10.8 ppm/"C). This combination of alloys 
turns out to be closely temperature-com­
pensated for use with the composite ma­
terial of interest. 

To minimize the component of output due 
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The High-Temperature Straln-and-Temperature Gauge is connected to different bridge cir­
cuits to measure strain and temperature. The graph shows the apparent-strain outputs of 
the individual elements, the net (temperature-compensated) strain output with the two ele­
ments in series, and the temperature signal. 

to applied strain when the gauge is used to 
measure temperature, the sensitivities of 
the two elements to strain must be closely 
matched. The sensitivities were measured 
with the two elements cemented side-by­
side on a cantilevered steel test bar loaded 
at the free end to produce strain and were 
found to differ by less than 1 percent. 

This work was done by S. P Wnuk of 

Hitec Products, Inc., and S. J. Lanius of 
Morton Thiokol, Inc., for Marshall Space 
Flight Center. For further information, Cir­
cle 9 on the TSP Request Card. 

Inquiries concerning rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 18]. Refer to 
MFS-28320' 
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THE CHALLENGE: 
"MACHINE HIGHLY COMPLEX 

AEROSPACE COMPONENTS WITH PRECISE REPEATABILITY. 
AND REDUCE COSTS SIGNIRCANTLY." 

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

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

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

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

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

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

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

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

bring your product cost-effectively 
from prototype work into pro­
duction. For more information on 
our machining capabilities, write 
our Sales Department, Howmet 
Corporation, 475 Steamboat 
Road, Greenwich, CT06836-1960. 
Or phone the Sales Manager at 
New England Aircraft Products 
Division, (203) 677-1376, Whitehall 
Machining Division, (616) 894-5686, 
or Winsted Machining Center, 
(203) 379-3314. 

1=1 HOWMET CORPORATION 

Partners. Challenge by Challenge. 

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



Applying Thermal Gradients to Control Vibrations 
~J Thermal actuators might be used to stabilize large structures . 

NASA's Jet Propulsion Laboratory, Pasadena, California 
Thermal gradients can be applied to a 

structure in a controlled way to help damp 
low·frequency vibrations, according to pre­
liminary theoretical and experimental stud-

ies. Uke mechanical actuators in prior ex­
perimental structural-vibration-damping 
systems, thermal actuators could be incor­
porated into structures as parts of feed-

back control systems that would automati­
cally help to stabilize the structures. In 
some cases, active stabilization by differ­
ential heating might be preferable to pas-
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Responding to a Processed Signal From the Accelerometer, thermoelectric heat pumps apply thermal gradients that produce expansions 
and contractions In the upper and lower caps of the cantilever beam. These expansions and contractions part ly counteract the vibrations 
sensed by the accelerometer, thus contributing to damping. 
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sive stabilization by damping or to active 
stabilization with suitably timed mechani­
cal pulses. 

The principle of dynamic stabilization via 
thermal gradients can be introduced via 
the exarJl)le of a thermal dal'Jl)ing pheno­
menon of a beam in bending vibration. As 
the beam deforms, the material on one 
side of the neutral axis is compressed and, 
therefore, heated slightly; the material on 
the other side of the neutral axis is sub­
jected to tension and, therefore, cooled 
slightly. Thus, there arises a thermal gra­
dient, which causes heat to flow from the 
compressed side to the tensed side. This 
flow of heat, which represents the conver­
sion of mechanical to thermal energy, con-

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. 

Interaction of a Helicopter 
Blade With a Vortex 
Measurements in a wind 
tunnel yield data for 
validation of computations. 
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tributes to damping. 
The new damping concept calls for the 

application of suitably timed and shaped 
thermal~radient waveforms to generate 
expansions and contractions that counter­
act vibrations. In the system studied, the 
vibrating structure was a sanct.vich cantile­
ver beam loaded with a mass at the end. 
Thermal gradients between the bottom 
and the top of the beam were generated by 
Peltier-€ffect thermoelectric heat pumps 
(see figure). 

The vibrations of the beam were sensed 
by an accelerometer. The output of the ac­
celerometer was fed through t'NO lead com­
pensators and two amplifiers, then applied 
to the thermoelectric heat pumps. The lead 

A report describes an experimental in­
vestigation of the three-dimensional in­
teraction of a helicopter rotor blade with a 
vortex like that generated by the preceed­
ing rotor blade. The report provides 
theoretical aerodynamicists with data for 
validation of computer simulations of aero­
dynamic flow. 

The investigation was carried out in a 
wind tunnel in which a vortex~enerating 
blade was mounted vertically, and the 
blade under test was mounted horizontally 
downstream. A three-dimensional laser 
velocimeter measured the velocity field 
around the horizontal blade. Measure-

compensators and amplifiers acted as a 
control system that generated the proper 
amplitude and phase to compensate for 
both the natural vibrational frequency 
(about 2 Hz) of the loaded beam and the 
delays inherent in the thermal responses of 
the thermoelectric heat pumps and the 
beam. WIth the control system turned oft 
the dal'Jl)ing ratio in the first vibrational 
mode was 0.81 percent. When the control 
system was tumed on, the damping ratio 
increased to 7.4 percent 

This work was done by Donald L. 
Edberg of Ca1tech for NASA's Jet Propul· 
slon Laboratory. For further information, 
Circle 2 on the TSP Request Card. 
NPO-17067 

ments of the velocity of circulation around 
the blade were used to calculate the span­
wise distribution of lift on the blade. Mean 
flow velocities were measured over grids 
upstream of the blade. Variations of the 
strength and position of the vortex and of 
the angle of attack of the blade were ex­
amined. 

The report describes the test configura­
tions and instrumentation. It tabulates and 
discusses measured data. Rnally, it de­
scribes and quantifies such sources of er­
ror as the effects of walls, deflections of the 
blade with changes in lift, unsteadiness in 
the position of the vortex, and instrumenta-

NO LIGHT WEIGHT 

. I' ... crucla. 
Testing systems in flight is crucial and requires 
equipment that is highly accurate, lightweight and 
compact in size. Teledyne Taber meets these 
requirements with a line of flight test transducers, the 
result of 35 years' experience in the development 
and production of quality pressure transducers. 

The Taber line of flight test transducers includes 
units from 0-15 to 0-50,000 PSI. 

Flight test transducer models feature: 
• Lightweight units , as small as 2.7 oz. 
• Miniature units , 7/S" in diameter 
• Leak test integrity better than 2 x 10-·cc. std . helium per 

second 
• Austenitic stainless steel pressure cavity 
• Positive mechanical stops for high overload pressures 
• Excellent thermal stability 

~~TELEDYNE TABER 
455 BRYANT STREET, NORTH TONAWANDA, NY 14120 
(713) 694-4000 Telecopier: (716) 694-1450 
Call toll free 1-800-333-5300 

Write or call today for more information on 
the full line of Taber transducers. 
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tion-related errors. 
This 'WOrk was done by Stephen Dunagan 

and Thomas Norman of Ames Research 
Center. Further information may be found 
in NASA TM-100013 [N88-149621 "Uft Dis­
tribution and Velocity Field Measurements 
for a Three-Dimensional, Steady Blade/ 
Vortex Interaction." 

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) 33&4700. 
ARC-12196 

Predictive Attitude 
Maintenance for a 
Space Station 

The peak angular-momentum­
storage requirement is about 
half that of conventional 
reactive techniques. 

A paper provides the mathematical 
basis for the predictive management of the 
angular momenta of control-moment gyro­
scopes (CMG' s) to control the attitude of an 
orbiting space station. Numerical results 
are presented for pitch control of the pro­
posed power-tower space station (the 
pitch axis is the dominant control problem 
for the tooer)_ Based on prior orbit history 
and a mathematical model of the density of 
the atmosphere, predictions can be made 
of the requirements on the dumping and 
storage of angular momentum in relation 
to the current loading state of the CMG's 
and to acceptable attitude tolerances. 

Numerical simulations indicate a poten­
tial for reduction in the peak angular-mo­
mentum-storage requirement of about half 
that of the previous reactive angular-mo­
mentum-management techniques based 
only on sensing present attitude errors and 
the present status of angular-momentum 
storage. These conclusions should be valid 
under all flight conditions since the test 
cases were run using the near-maximum 
atmosp/1eric-density conditions of the 1971 
Jacchia atmosphere model prediction for 
January 1, 1982, a date close to the 11-year 
peak of the solar cycle. 

System dynamics are expressed and 
linearized in a manner appropriate to a 
large platform oriented along the local ver­
tical or horizontal. With the simplified equa­
tions of motion, the pitch dynamics are de­
coupled from the other axes, but roll and 
yaw remain coupled. A deterministic opti­
mal-control problem is posed with a quad­
ratic performance index that includes, as 
variables, the torque loading of the space 
station, the CMG torque demand, and devi­
ations of the attitude from a desired refer­
ence. These quantities are weighted with 
gain coefficients. 

NASA Tech Briefs, September 1989 

The problems of optimization of the un­
coupled pitch and the roll and yaw lead 
to differential equations that predict the 
attitude. The pitch-attitude-control problem 
is described by a linear, constant-coeffi­
cient, fourth-order, differential equation. 
The coupled roll and yaw are described by 
a linear, constant-coefficient, eighth-order 
differential equation. Since both equations 
have only even derivatives in the homo­
geneous parts, the roots can be found by 
exact expressions. 

A conceptual contrOl-system design 
that includes predictive momentum man­
agement is presented in two block dia­
grams. The attitude predictions can be 
computed once per orbit. The attitude pre-

diction includes an angular-momentum­
desaturation term to prevent the unwanted 
large secular buildup of stored angular mo­
mentum in the future and to remove any 
angular momentum accrued on previous 
orbits as a result of unmodeled effects. A 
reaction control system based on thrustors 
would be used only for quick recovery from 
such large transient disturbances as those 
caused by docking vehicles. 

This 'WOrk was done by Philip D. Hattis of 
the Charles Stark Draper Laboratory, Inc., 
for Johnson Space Center. To obtain a 
copy of the report, "Predictive Momentum 
Management for the Space Station, " Circle 
11 on the TSP Request card. 
MSC-21216 

Advanced coating 
and laminating 

technology 
Rexham custom coats and 
laminates flexible films, foils, 
and papers for use in electronics, 
aerospace materials, repro­
graphics, and other high­
performance applications. 

You find resources developed 
during 30 years' work with high­
precision projects-
• Coating accuracy 

capabilities in the 
millionths 

CoaUnglJaminating 
lines (4 plants) 
+ new plant (1990) 
Clean rooms 

15 
2 

• Clean room manufacturing 
• Sophisticated on-line quality 

inspection 
• Extensive analytical 

capabilities 

Call for our Creden­
tials Package. Complete 
confidentiality guaranteed. 

Rl!xham 
Industrial 
P.O. Box 368 
Matthews, NC 28106 

+ new plant 

8 Class 10,000 r~~~="1d (704) 847-9171 
to Class 1,000 laminating -Ision 

2 Clas 100 .... -

(4 plants) 

without compromise. 
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Two-Pipe Heat-Transfer Loop 
Liquid and vapor travel in separate tubes. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A device like a heat pipe transports heat 

over a long distance with negligible loss in 
temperature, trough with coosiderably small­
er total weight. The device uses no pumps 
or other mechanical means to move the 
working fluid: I nstead it converts part of the 
available thermal energy to kinetic energy 
upon vaporization_ The vapor carries the 
thermal energy in the form of latent heat of 
vaporization. Thus, the device can deliver 
thermal energy with a drop in temperature 
of only a fraction of a degree from the 
source to the sink. 

Heat is delivered to an evaporator (see 
figure). There, the fluid evaporates from the 
surface of a porous structure. The surface 
tension of the liquid prevents the vapor 
from flowing into the porous structure, 
forcing t~e vapor down the vapor tube to a 
condenser. There, the fluid condenses on 
another porous structure that isolates the 
vapor from the liquid in the liquid tube. The 
liquid tube is exposed to thermal losses 

Tube for Liquid 

Condenser 

Heat Out 

that cool the return fluid and assure a low 
vapor pressure in the return leg of the loop. 
Thus, the drMng potential for the circula­
tion of the working fluid is due to the tern· 
perature difference across the porous 
structure in the evaporator. 

So that the working fluid will not con­
dense in the insulated vapor tube as it flows 
from the heat source to the heat sink, the 
vapor is superheated and/or the vapor tube 
is traced with an electric heater to make up 
for any thermal losses from the vapor tube 
due to the limitations of the insulation. The 
amount of superheat and/or electric trace­
heater power depends on the thermal loss 
from the vapor tube and the thermal power 
transfer. 

This work was done by Robert Richter of 
Caltech for NASA's Jet Propulsion Lab­
oratory. For further information, Orcle 13 
on the TSP Request Card. 
NPO-17404 

Tube for 
Vapor 

Evaporator 

Heat In 

Liquid and Vapor Flow In Separate Pipes in this heat-transfer loop. A laboratory model that 
contained water as the working fluid was able to transfer 80 W of thermal power from the 
evaporator to the condenser. 

Roller Bearings Survive Loss of Oil Supply 
A ring holds a small emergency supply of oil. 

Lewis Research Center, Cleveland, Ohio 

A tapered roller bearing can operate for 
at least 30 min at speeds up to 11,000 rlmin 

after its oil supply stops. The bearing was 
developed to enable such high-speed ma-
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This Bearing Was Stili Operating after 22 min without externally supplied oil at 12,000 r/min. 
The rib ring is made of porous high-speed steel. 

chinery as a helicopter transmission to that blocks the surface pores is removed 
continue to operate safely when its oil by electroetchlng in an aqueous' solution 
pump fails. that contains perchloric acid. 

The bearing cup includes a porous rib Experimental bearings were evaluated 
ring (see figure) that contains a residual oil at six speeds from 0.26 million to 2.4 million 
supply to lubricate the rollers when the ex- ON with a 65-mmdiameter 'tapered bear-
ternal oil supply is lost. The ring is made by ing. (ON is the product of the bearing 
sintering powdered metal, the pores of diameter in millimeters and the angular 
which hold the emergency oil. The residual speed in revolutions per minute.) The best 
oil impregnated into the ring bleeds out to results were obtained with porous rings 
the ends of the rollers by capillary action. made of CBS1000M steel at 75 percent of 
The bleeding is initiated as the tempera- maximum density, which operated for the 
ture of the bearing rises after the failure of requisite half hour at speeds up to 0.72 
the primary oil supply. The heating also million ON (11,000 r/min). At higher speeds, 
squeezes oil out of the ring because the the bearings failed after decreasing inter-
coefficient of thermal expansion of the oil vals ranging from many minutes to a few 
exceeds that of the ring. seconds. 

The critical aspects of the fabrication of This work was done by G. E. Kreider and 
the ring include the preparation of the P. W Lee of The Timken Q). for Lewis 
metal powder and the final treatment of Research Center. Further information 
the surface. These operations determine may be found in NASA CR-180804 [NBS-
the internal and surface porosity and, 11135], "Improved Oi/-otf Survivability of 
therefore, the amount of oil that can be Tapered Roller Bearings." 
stored and the rate at which it can be dis- Copies may be purchased [prepayment 
pensed. After the ring has been compact- required] from the National Technical In-
ed, sintered, and heat-treated, it is impreg- formation Service, Springfield, Virginia 
nated with oil. It is then ground to final 22161, Telephone No. (703) 487-4650. 
shape, using a coolant to prevent retem- Rush orders may be placed for an extra fee 
pering. To ensure that pores open into the by calling (BOO) 3364700. 
interior of the bearing, the grinding smear LEW-14749 

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. 

Zero-Gravity Fuel-Cell 
Product-Water Accumulator 
Water is removed from the 
fuel cell by capillary action. 

An assortment of documents describes 
a simple, passive system that removes 
water formed from the reaction of hydrogen 
and oxygen in a proton-exchange-mem­
brane fuel cell. Designed for use in zero 
gravity, the &)'Stem does not require any ma­
chinery or extemal source of power. 

The system works by capillary action 

NASA Tech Briefs, September 1989 

and differential pressure. Small wicks trans­
port the product water from the oxygen 
sides of the cell membranes to a larger 
wick in contact with a filter (water-separat­
ing) plate. The filter plate retains the oxy­
gen, and the small differential pressure of 
oxygen across this plate forces the water 
through the plate and into a channel. 

From the channel, the water passes 
through a check valve into a spongelike 
sorbent material that occupies part of the 
volume of a detachable canister. As it ab­
sorbs water, this material expands into the 
remaining dry volume of the canister. A 
quick<lisconnect flange at the end of the 
canister opposite the check valve facili­
tates the removal of the water for reuse. 
The water can also be discarded via a vac­
uum port at the end near the check valve. 

To allow for expansion of the sorbent 
material, the pressure in the dry volume of 
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• 
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" file 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 
f~O act now. Talk to your local 
Ioline dealer or call us at PLOTTING SYSTEMS 

(206) 821-2140 for details. AGieatRetum cxr lOOrhlVeStrrenr" 

IOUNE CORPORATION 12020 - 113TH AVE. NE KIRKLAND, WA 98034 (206) 821-2140 
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ALGOR FEA-Design 
and Stress Analysis $889* 
For 286 or 386 desktop computers 

• FlnHe Elements: truss, beam, 2-D solid, 3-D 
solid, membrane, plate/shell, pipe, boundary, 
rigid link, non-linear gap, thin and thick shell/ 
plate composites. 

• Stress AnalysIs: point load, pressure, tem­
perature, accelerations, centrifugal loads, 
deflections. 

• DynamIc AnalysIs: mode shapes, frequen­
cies, time stress history, response spectrum, 
direct integration, random vibration . 

• Heat Transfer AnalysIs: 2-0/3-0 conduction , 
convection, radiation , heat source, tempera­
ture, steady state and transient. 

• GraphIcs: 3-D models; hidden line removal ; 
light source shading animation; stress, 
displacement, temperature and flux contours 
w/optional shading; deformations; pan; zoom; 
node/element numbers; color. 

• Modeling: 2-0/3-0 mesh, cylinders, extru­
sions profile-path, warped surfaces; bound­
aries, loads, materials, SUPERORAW II and 
parametric model generation. 

* Full CapabllHy, no sIze restrictIons: 3-D 
drawing, Computer Aided Design, solid 
modeling, design visualization, finite element 
stress analysis, and graphic post-processing. 

GSA Contract #GSOOK89AGS6270 

Design the 
future with 
Algor. 

StJns 0.01_ .. oU, 

Algor has the largest base of installed FEA 
software in the world! 

TEL: (412) 967-2700 FAX: (412) 967-2781 

RLIiDR Quollty 

~~f::~ng 
Since19n 

ALGOR INTERACTIVf SYSTEMS, INC. 
260 Alpha Drive, Pittsburgh, PA 15238 
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the canister is kept below that of the sor­
bentlwater combination. The sorbent and 
canister can be sized to hold any conven­
ient amount of water. f;.s a preliminary 
guide to design, the capacity is chosen to 
be sufficient to hold the water accumu­
lated during 8 h while operating at a pcmer 
of 300 W 

This VrOfk was dooe by Thomas P. Barrera 
of Johnson Space Center. To obtain a 
copy of the report, 'Zero-Gravffy Fuel Cell 
Water Storage Accumulator," Circle 11200 
the TSP Request Card. 
MSC-21351 

Simulator of Rain 
In Flowing Air 

Drops are injected into 
slowly flowing air, 
which is then accelerated. 

A report describes a relatively inexpen­
sive apparatus that creates simulated pre­
cipitation from drizzle to heavy rain in flow­
ing air. A small, positive-displacement 
pump and a water-injecting device are p0-
sitioned at the low-airspeed end of a con­
verging section of wind tunnel 10 in. 
(25 cm) in diameter. The drops injected by 
the array are entrained in the flow of air as 
it accelerates toward the narrower outlet, 
15 in. (38.1 cm) downstream. The outlet is 
5 in. (13 cm) in diameter. 

This scheme makes it possible to furnish 
drops of fairly uniform size over a range of 
sizes in an airstream moving at a speed of 
213 fUs (65 mls). Ordinarily, rains above the 
intensity of a drizzle are difficult to simulate 
because the high speed of slippage be­
tween the flOWing air and the injected 
drops tends to shatter drops into smaller 
droplets corresponding to fogs or mists. 

Nine injection tubes are fed by a com­
mon circular manifold. The water-injecting 
device is an array of nine hypodermiC 
needles with an inside diameter of 
0.009 in. (0.23 mm). The rate of waterflow 
is varied from 0.4 to 10.2 IbIh (0.05 to 
1.2 g1s) to span the range from light to 
heavy precipitation. 

The drops at the narrow (fast-flow) end 
of the section of wind tunnel are about 
300 ,.rn in diameter. This is more than twice 
the size of drops estimated from prior ex­
perimental results and correlations. How­
ever, it is smaller than the typical millimeter 
size of raindrops in heavy precipitation. />fr 
parently, the apparatus produces smaller 
drops at a higher density than those of 
natural heavy rain. 

This work was done by Richard M. 
Clayton, Young I. Cho, Parthasarathy 
Shakkottai, and Lloyd H. Back of Caltech 
for NASA'. Jet PropuI.1on Laboratory . 
To obtain a copy of the report, "Rain Simu­
lation for High-Intensity Acoustic Nose 
Cavities," Circle 63 on the TSP Request 
Card. 
NPO-17237 
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Improving a Remote 
Manipulator 

The latest parameters, 
tools, adaptations, and 
software are documented. 

A set of three reports describes work on 
the Protoflight Manipulator Assembly 
(PFMA), a 2.4-meter remote manipulator 
with six degrees of freedom, counter­
balanced for operation in Earth gravity. 
"Performance Olaracteristics of the Pro­
toflight Manipulator Assembly" presents 
the parameters of the PFMA after a refur­
bishment of operating components. The 
document is intended to help simulation 
engineers understand the electromechani­
cal responses of the manipulator arm. 
Data are furnished on dimensions, maxi­
mum joint travel , joint torques, mechanical 
backlash, voltages for releasing and reset­
ting jOint brakes, end·effector closure 
force, frequency response of each joint, 
rate scale factor for the control input to 
each joint, the position scale factor for the 
joint-angle-measuring sensors, and tran­
sient responses of the joints. 

"End Effector and Task Board Develop­
ment for the Protoflight Manipulator As­
sembly" describes special tools and adap-

tations that allow the PFMA to be used for 
servicing equipment. The tools include 
end-effector jaws for grasping and 
manipulating the equipment, an all-pur­
pose encMffector mount that can accept 
special tools, and a device to connect and 
disconnect fluid couplings. A task board 
was modified by the addition of a rotating 
antenna, half of a fluid coupling, and a re­
movable modular box and door. These ad­
ditions enable the development of opera­
tion and simulation techniques. 

"Modular Software Development for the 
Protoflight Manipulator Assembly" docu­
ments the interface and control software 
for the PFMA It includes hierarchy charts, 
data-flow diagrams, a data dictionary, and 
logic flows, as well as a listing of the soft­
ware. A section of the report details the 
operator choices and input requirements. 
It explains the prompts given to the opera­
tor by the program and the data needed to 
respond to the prompts. It also explains the 
layout of the data-base and automatic-se­
quence files. 

This work was done by John W Has/am, 
Jr., Nicholas Shields, Jr., Mary F. Fagg, and 
Ricardo C. Rodriguez of Essex Corp. for 
Marshall Space Right Center. For fur­
ther information, Orc/e 94 on the TSP Re­
quest Card. 
MFS-27067 

12.5 MFLOPS 
32-bit Floating Point Array Processor 

for PC, Xl, AT, & Compatibles 

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

• Software designed for up to 
8 PL 12501, running In parallel 

1K Complex Floating Point FFT 8.35ms 

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

tf~~?pW~MYaM~ 
771 GlgB Drive. Sin Diego. CA 921 D6 

(619) 224-2158 • FAX (619) 224-3958 
In Au.tralll: Compo Trans. Sys. 

(03) S1 7789 
In Jlpln: Kyokuto Boeki Kaisha (KBK) 

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

(06) 1629 26 
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THE FIRST FAMILY IN LINEAR MOTION: 

When it comes to smooth, precise lin­
ear motion, come to the original: 
Automation Gages. We're the experts 
in ball ond roller slide assemblies. In 
foct, AG invented the potented single 
wedge pre-load adiustment technique 
which permits perfect adjustment with 
one screw and eliminates all play and 
bocklash. For durability, repeatability, 
and long term value, AG ball and 
roller slides have no competition. 

[AG] 
NASA Tech Briefs, September 1989 

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

specifications. 

AUTOMATION 
GAGES, INC. 
BALL AND 
ROLLER SLIDES 

NOW 
63 MODELS 
AVAILABLE 
FROM STOCK 
FOR IMMEDIATE 
DELIVERY! 

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

WRITE OR CALL FOR FREE CATALOG 

"got a problem ••• call" 
1·800·922·0329. IN NEW YORK STATE, CALL 716·544·0400 

Dept. 246 
AUTOMATION GAGES, INC. 850 HUDSON AVENUE ROCHESTER, NY 14621 
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Robotic Tool for Tightening and Cutting 
~J The tool can be used in the assembly of truss structures. 

Lyndon B. Johnson Space Center, Houston, Texas 

110 Arc-Ught Reflector for 
Television Weld 
Monitoring 

111 Making Internal Molds of 
Long, Curved Tables 

112 Ughtwelght, Hlgh-Current 
Welding Gun 

Books and Reports 
113 Varlable-Polarlty Plasma 

Arc Welding of Alloys 2219 
113 Grinding SI.N. Powder In 

SI.N. Equipment 

A robot end effector is designed for .----------------------------, 
tightening tube couplers and for cutting 
tubes. Intended for use in building struc· 
tures in space, the end effector can also be 
used as a hand tool for assembling truss 
structures for terrestrial buildings, tents, 
and oil rigs. It can also be used in place of a 
pipe wrench in plumbing work. The tool is 
operable by simple movements and thus 
can be manipulated by a technician wear­
ing heavy protective clothing. 

The tool reaches around an cbject, grasps 
it, locks in place around the object, and ro­
tates the object (see figure). The tool can 
tighten or loosen a nut or collar in the mid­
dle of a tube, for example. The tool can also 
be fitted with a blade so that, when the tool 
rotates, it cuts into the tube. 

The tool can be used even if electrical 
power fails. In that case, the operator re­
leases one of two head-attaching pins. A 
worm gear on the tool then acts as a pawl 

The Specialized End Effector grasps a coupling between two tubes and tightens It, thereby 
Joining the tubes securely. The tool operates on the principle of a worm and pinion gear. 

on a ratchet wheel, and the tool can be op- Space Center. For further information, 
erated manually just like a ratchet wrench. Circle 14 on the TSP Request Card. 

This work was done by Earl T. Cooney of MSC-21538 
McDonnell Douglas Corp. for Johnson 

Making Polymeric Microspheres 
~J A combination of advanced techniques yields uniform particles for biomedical applications. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A process combines ink-jet and irradia­

tion/freeze-polymerization techniques to 
make polymeric microspheres of uniform 
size in diameters from 100 to 400 ~. The 
microspheres can be used in chromatog­
raphy, cell sorting, cell labeling, and the 
manufacture of pharmaceutical materials. 

The liquid droplets are formed by a liq­
uid-injection technique similar to that used 
in ink-jet printers. Uquid monomer flows 
through a nozzle vibrated by a piezoelectric 
transducer. The vibrations break the 
stream into droplets. The nozzle size, the 
flow rate, and the vibration frequency de­
termine the droplet size and the size distri­
bution, which can be kept within a narrow 
range. 

The drops of liquid monomer are sprayed 
directly onto the surface of liquid nitrogen. 

98 

The droplets freeze into an amorphous 
glassy phase, maintaining their spherical 
shape as they do so. 

The frozen monaner particles, suspend­
ed in liquid nitrogen, are exposed to gam­
ma radiation from cobalt-oo. Nosignificant 
polymerization occurs at the low tempera­
ture, but the particles store the free radi­
cals created by the ionizing radiation. 
While the particles thaw slowly, polymeri­
zation by the radicals proceeds, and the 
particles solidify as spheres. The polymer 
molecules are only lightly cross-linked; 

Mlcrospheres of Polymeric Material have 
uniform size and shape after freezing, gam­
ma Irradiation, and slow thawing. The par­
ticles, shown here greatly magnified, are 
suspended in a solution of water and 
ethanol. 
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they can be further cross-linked by more 
gamma radiation, this time suspended in 
an aqueous solution at room temperature. 

In a demonstration of the process, 2-hy­
droxyethylacrylate (HEMA) monomer was 
sprayed downward through an BO-IJIT1-di­
ameter orifice at a rate of 2.5 mLlmin. A 
piezoelectric crystal vibrated the nozzle at 
10 kHz. The resulting droplets had a diame­
ter about twice that of the orifice. Their uni­
form size and formation rate was observed 
under stroboscopic light. The falling drop­
lets passed through an electrode ring at 
1.5 kV just below the nozzle. The ring 
charged the droplets so that they repelled 
each other as they fell instead of joining in 
larger globules. 

The monomer HEMAdroplets fell on the 
surface of liquid nitrogen in a bowl. The 
warm droplets boiled the liquid nitrogen as 
they impinged on it, creating a cushion of 

gas that supported the drops on the sur­
face. Still charged, the floating droplets 
continued to repel each other and spread 
to the edge of the bowl where a corona 
discharge neutralized the droplet charge. 
The frozen droplets sank into the liquid­
nitrogen pool. 

The droplets were gently brushed into a 
smaller container of liquid nitrogen and ex­
posed to gamma radiation at a rate of 0.1 
Mrad/h for about 5 h. They were allowed to 
heat slowly at 0.2 °O'min to a temperature 
at which polymerization began. The result­
ing polyHEMA microspheres (see figure) 
had an average diameter of 180 1JIT1. In 
some experiments, more than 95 percent 
of the monomer was converted to polymer. 

Production rates of 10,000 spheres per 
second from a single nozzle are feasible. 
The process can be adapted to making 
hollow microspheres filled with gas or with 

biological and pharmaceutical materials. 
This work was done by Won-Kyu Rhim, 

Michael T. Hyson, Sang-Kun Chung, 
Michael S. Colvin, and Manchium Chang of 
Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Orcle 
85 on the TSP Request Card. 

In accordance with Public Law 9&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 3056 
California Institute of Technology 
1201 East California Boulevard 
Pasadena, CA 91125 

Refer to NPO-17023, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 

Spray Deflector for Water-Jet Machining ~~ 
A cheap disk shields expensive parts from erosion. -.JI This work was done by Michael A. 

Lewis Research Center, Cleveland, Ohio 
Cawthon of Lewis Research Center. No 
further documentation is available. 

Inquiries concerning rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel, Lewis 
Research Center [see page 18). Refer to 
LEW-14863 

A disk on a water-jet-machining nozzle 
protects the nozzle and parts behind it from 
erosion by deflected spray. The disk is part 
of the water-jet-machining unit. The water 
jet strikes the surface of the workpiece and 
rebounds toward the nozzle, impinging on 
the nozzle nut. The energetic water spray 
can wear away the nut and then attack the 
collet that holds the nozzle. 

The disk consists of a stainless-steel back­
ing with a neoprene facing that deflects the 
spray so that it does not reach the nut or 
other vital parts of the water-jet apparatus 

. (see figure). Instead, the spray erodes the 

Water-Flow 
System 

Collet 

The Deflector Disk Is a barrier between the 
erosive bounced jet and the nozzle nut. 
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neoprene-rubber face of the disk. The disk 
is rotated to a new position from time to 
time to prolong its life by spreading the 
wear across its surface. 

There's almost 
no flow you can't 

model with · 

We have a computational fluid dynamics lab that 
can predict flows for everything from airplanes to 
racing yachts. And it's available for contracting 
through Boeing Technology Services. For infor­
mation, call Chris MacRae at (206) 234-5000. 

BOEING 
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Compact Apparatus Grows Protein Crystals 
~J A pair of syringes with ganged plungers produce crystals by hanging-drop method. 

Marshall Space Flight Center, Alabama 
A laboratory apparatus provides a deli-

cately balanced combination of materials 
and chemical conditions for the growth of 
protein crystals. Intended for use on Earth 
and in the low gravitation of outer space, 
the apparatus and the technique for growth 
are based on the hanging-drop method for 
the crystallization of macromolecules. 

The apparatus (see figure) includes a 
pair of syringes with ganged plungers. One 
syringe contains the protein solution; the 
other contains a precipitating-agent solu­
tion. The syringes intrude into a cavity lined 
with a porous reservoir material (for exam­
ple, ultra-high-molecular-weight polyethyl­
ene) that is saturated with 1 mL or more of 
a similar precipitating-agent solution. Prior 
to activation, the ends of the syringes are 
plugged to prevent the transport of water 
vapor among the three solutions. 

At the moment of activation, the plug is 
withdrawn, and then the plungers are 
moved to extrude the protein and precipi­
tating-agent solutions from the syringes. 
The solutions mix and adhere to the joined 
tips of the syringes, forming a drop of 30 to 
80 IAL, in which the concentration of pre­
cipitant is lower than that in the reservoir 
material. Water begins to evaporate slowly 
from the drop. The water vapor is trans­
ported to and absorbed in the reservoir 
solution. This slow evaporation and trans­
port continues until vapor-pressure equilib­
rium is reached. 

As the concentrations of the protein and 
precipitating agent in the drop increase 
during evaporation, crystallization begins. 
Crystallization can start either before or at 
equilibrium. Crystallization can be has­
tened by local concentrations due to im­
perfect mixing of the two solutions, by im­
purities that act as nucleation sites, by a 
seed crystal, or by roughness on one or 
more of the surfaces in contact with the 
drop. 

At the end of the time allotted for growth, 
protein crystals are suspended in the drop 
of mixed solution. To begin deactivation, 
the plungers are withdrawn to pull the solu­
tion and crystals back into the syringes. 
The plug is once again pushed against the 
tips of the syringes, sealing the solution 
and crystals inside. The solution and crys­
tals are removed subsequently for further 
experimentation. 

An alternative version of the crystal­
growing technique involves a similar pro­
cedure, except that crystallization de­
pends on the change in acidity or alkalinity 
of the drop. In this case, a volatile acid or 
alkaline solute (e.g., acetic acid or am­
monia) is evaporated and transported In­
stead of water. 
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Precipitat ing-Agent 
Solution 

Air Between 
Solutions and Plug 

PreCipitat ing-Agent Solution 

PRIOR TO ACTIVATION 

ACTIVATION 
Drop Reduced In Volume by 
the Volume of Water Transported 
to the Reservoir 

TRANSPORT OF WATER VAPOR FROM DROP TO 
RESERVOIR UNTIL VAPOR·PRESSURE EQUILIBRATION OCCURS 

Protein/Precipitat ing-Agent Solution 
Containing Protein Crystals Air 

DEACTIVATION COMPLETE 

Crystals of Protein grow In a drop that adheres to the tips of the syringes. The drop contain­
Ing the crystals is then withdrawn Into the syringes. 
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This work was done by Charles E. Bugg, 
Lawrence J. DeLucas, Fred L. Suddath, 
Robert S. Snyder, Blair J. Herren, Daniel C. 
Carter, and Vaughn H. Yost of the Universi-

ty of Nabama for Marshall Space Flight 
Center. For further information, Drcle 163 
on the TSP Request Card. 

Inquiries concerning rights for the com-

mercial use of this invention should be ad­
dressed to the Patent Counsel, Marshall 
Space Flight Center[see page 18].Referto 
MFS-26088 

Making Jointless Dual-Diameter Tubes 
Welds between sections that have different diameters are eliminated. ~J 

-------------------------------------~~ Marshall Space Flight Center, Alabama od, the maximum reduction is determined 
by the working characteristics of the ma­
terial. Usually, the smaller outside diameter 
cannot be less than 0.25 in. (6.4 mm). The 
length of the tapered section is limited by 
the diameter of the die rollers. 

A single tube can be made with an inte­
gral tapered transition section between 
straight sections of different diameters and 
wall thicknesses. The tube is made from a 
single piece; it contains no joints, welded or 
otherwise. It therefore is not prone to such 
weld defects as voids and need not be in­
spected for them. 

The tube can be fabricated by either of 
two methods: drawing or reduction. In the 
drawing method, a straight tube is first 
drawn over a tapered mandrel to produce 
the tapered reduction in the thickness of 
the wall. The tube is then drawn through a 
series of segmented dies to reduce the di­
ameter. The segments of a die (see figure) 
move together radially, under the action of 
a cam, as the tube passes through. The 
shape of the cam determines the shape of 
the taper in the diameter. 

The inner surfaces of the die segments 
do not constitute a perfect cylinder until 
they are contracted together at the mini­
mum diameter. To minimize out-of-round-

Relative Motion of Segments 
During Contraction of Die ... 

TWO ADJACENT SEGMENTS OF AN 
EIGHT·SEGMENT DRAWING DIE 

Tapered 
Groove 

DIE ROLLER FOR REDUCTION METHOD 

Alternative Methods of creating a taper be­
tween wider, thicker-walled and narrower, 
thinner-walled sections of tube employ 
contracting die segments, two of which are 
shown at left, or a tapered-groove rolier 
(right). In either case, the tube is rotated 
around a tapered mandrel inside the tube to 
reduce the thickness of the wall. 
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ness, the tube is rotated about its axis dur­
ing drawing, and reduction in diameter by a 
single die is typically limited to 0.05 in. (1.3 
mm). Because the tube can be annealed 
after any pass, it can be reduced to an ex­
tremely small diameter by several passes. 
The tapered section can be made as long 
as the dimensions of the drawbench will 
allow. 

In the reduction method, the wall thick­
ness and diameter are reduced in a single 
step by rolling the straight tube between 
grooved dies as it passes over a tapered 
mandrel. When a sufficient length of the 
narrower section has been produced at 
one end of the wider tube, the piece is re­
moved from the rolling mill. The shape of 
the taper between the wide and narrow 
sections is determined on the inside by the 
shape of the mandrel and on the outside by 
the shape of the groove in the roller. 

Because intermediate annealing is not 
possible in the single-step reduction meth-

Both methods have been used to fabri­
cate tubes of 316L corrosion-resistant 
stainless steel for use as a heat-exchanger 
coil. The wide end of the tube had an out­
side diameter of 0.5 in. (12.7 mm) with a 
wall, 0.032 in. (0.81 mm) thick, tapering to 
an outside diameter of 0.262 in. (6.7 mm) 
and a wall thickness of 0.026 in. (0.66 mm) 
over a transition section 10 in. (25.4 cm) 
long. A wide variety of wide and narrow 
tube sizes and taper lengths is possible, de­
pending on the tube material and on the ta­
pering method. 

This work was done by Kathleen E. 
Kirkham of Rockwell International Corp. for 
Marshall Space Flight Center. For fur­
ther information, Drcle 157 on the TSP Re­
quest Card. 
MFS-29004 

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

• 

We have superb subsonic, transonic, supersonic 
and hypersonic wind tunnels. All available for con­
tracting through Boeing Technology Services. For 
information, call Chris MacRae at (206) 234-5000. 

BOEING 
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Intelligent Welding Controller 
A control system would adapt to changing design requirements and operating conditions. 

Marshall Space Flight Center, Alabama 
A proposed control system for gas/tung­

sten arc welding would require only that an 
operator specify such direct parameters of 
welds as widths and depths of penetration. 
From this information, the controller would 
drive a welding robot to produce welds that 
meet specifications. In contrast, the opera­
tor of a typical conventional welding con­
troller must provide values of such indirect 
parameters as currents, voltages, and 
speeds and hq:le that they would yield vveIds 
that have the required geometries. The 
proposed control system would calculate 
the Indirect parameters from the direct pa­
rameters. 

The equipment and computer programs 
of the system would be dMded into a con­
troller domain and a supervisor domain 
(see figure). The controller domain would 
contain mainly components tightly bound 
to the welding process; for example, sen· 
sors and mathematical models. While weld-
ing is in progress, sensors would measure 
some of the direct parameters of the weld, 
while mathematical models would esti· 
mate the values of parameters that could 
not be measured. Comparators would pro­
duce error signals in the form of differenc­
es between the measured and estimated 
values of the direct parameters and the 
corresponding deSign values of parame­
ters supplied by the user. 

A multivarlable controller would use the 
error signals to produce control signals, 
which would tend to reduce the errors. The 
number of input variables to the controller 
should exceed or equal the number of the 
output variables, which are control signals 
for the indirect parameters of the weld. 
These control Signals would be fed simul­
taneously to the welding equipment and to 
a mathematical model that would simulate 
the dynamics of the weld puddle. 

The portion of the system in the super­
visor domain would adaptively tune the 
mathematical models, control algorithms, 
and other components in the controller do· 

SUPERVISOR DOMAIN 

CONTROlLER DOMAIN 

=~np~:;'':: ...--,n-II-,.,-...., 
_Of_W_"'d~--t Ind~~~:~~~m~:er.HI-----, 

of Weld 

Conflgur.Uon of System 

Indirect 
Parameter. 

01 Weld Mathematical Model 
r----~ of Dynamics of 

Weld Puddle 

Achieved 
Direct 

Parameters 
of Weld 

Estimated Direct Parameters of Weld 

In the Control System for a Robotic Welder, components and functions Intimately connect­
ed with the welding process would be assigned to the controller domain. More general func­
tions would be assigned to the supervisor domain. The Initial estimate of indirect parame­
ters of the welding process would be applied to the system only at the beginning of a weld 
(t = 0); after the start of welding, outputs from the multlvariable controlier would take the 
place of the estimate. 

main, and would restructure the system adaptation of the multivariable controller 
when appropriate. In addition, it would would be assigned to the supervisor do-
maintain and update information on the 
welding process for later use, communi­
cate with users, and perform other general 
tasks. 

Tuning (which would be done before 
welding operation) would be an iterative 
process in which the measured direct pa­
rameters would be compared to corre­
sponding values of those parameters 
calculated by models, and the internal pa­
rameters of the models would be adjusted 
until the calculated and measured values 
would coincide. Because tuning would 
have to be carried out In a context of envi­
ronmental conditions and other factors 
known only at a high level in the system, 

main. 
The supervisor might choose to restruc­

ture the control system when welding con­
ditions changed in such a way that another 
available model became more accurate 
than the one in use. Such restructuring 
would be done quickly so that welding 
could continue without interruption. 

This work was done by George E. Cook, 
Ramaswamy Kumar, and Tanuja Prasad of 
Vanderbilt University and Kristinn kldersen 
and Robert J. Barnett of Mid-South Engi­
neering, Inc., for Marshall Space flight 
Center. For further information, Circle 37 
on the TSP Request card. 
MFS-27195 

Bonding Gauges to Carbon/Carbon CompOSites 
Thermal-expansion properties are modified to prevent bonds from failing. 

Marshall Space Flight Center, Alabama 
A proposed transition layer would be de­

posited between a substrate and a strain or 
temperature gauge to be bonded to the 
substrate. The layer is intended particularly 
for gauges that must operate at tempera­
tures above 600 OF (320 OC) and substrates 
like fiber-reinforced carbon/carbon com­
posites, which are difficult to bonet The 
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transition layer would reduce the stress 
caused by the difference between the ther­
mal expansions of the gauge and substrate 
materials. Without the transition layer, the 
stress often weakens or breaks the bond. 

The following process was proposed to 
deposit a transition layer on a carbon/car­
bon material that consists of graphitized 

rayon-fiber cloth in a glassy carbon matrix 
processed to 1,500 OC: The material is first 
cleaned in methanol and baked at 100 OC 
for 1 h to drive out hydrocarbons and unpy­
rollzed phenolic resin. The surface on 
which the strain gauge Is to be placed is 
cleaned by radio-frequency sputtering in 
argon. The sputtering removes a layer 
50 A thick and removes such contami­
nants as water vapor, oxide layers, and any 
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residual hydrocarbons. 
A film of 80 percent nickel, 20 percent 

chromium 1,000 A thick is deposited on 
the surface by radio-frequency sputtering 
in argon. Then a beam of argon ions is di­
rected onto the surface at a kinetic energy 
of 90 keV to mix the nickel/chromium film 
and drive it into the substrate. The dose is 
1017 ions/(cm)2. 

The surface is once again sputter -cleaned 
to a depth of 50 A, and a nickel/chromium 
layer 5 ,..m thick is sputtered onto the sur-

face as a protective layer for subsequent 
steps. The surface is masked so that only 
the gauge area is exposed, and the area is 
plasma-arc-sprayed with 80 percent nickel 
and 20 percent chromium to a thickness of 
0.003 in. (0.076 mm). Next, a transition 
layer of half nickel/chromium, half alu­
minum oxide is plasma-arc-sprayed onto 
the surface. Finally, an insulating layer of 
aluminum oxide is roo-flame-sprayed onto 
the transition surface. The next step would 
be the attachment of the gauge. 

This work was done by M. M. Lemcoe, 
for Marshall Space A ight Center, A. H. 
Deutchman of Beam Alloy Corp., R. G. 
Brasfield of Morton ThiokoJ Corp., and D. E. 
Crawmer of Battelle Columbus Laborato­
ries. For further information, Orcle 132 on 
the TSP Request Card. 

Inquiries concerning rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel, Marshall 
Space Flight Center[see page 18]Refer to 
MFS-28315. 

Making Large Composite Vessels Without Autoclaves 
Differential thermal expansion provides the requisite pressure. 

Marshall Space Flight Center, Alabama 
A methoo for making a fiber-reinforced 

composite structure relies on heating and 
differential thermal expansion to provide 
the temperature and pressure necessary 
to develop full strength, without having to 
place the structure in a large, expensive 
autoclave. The methcx:l is suitable for such 
cylindrical structures as pressure vessels 
and tanks. It can be used for both resin-ma­
trix (such as graphite-reinforced epoxy) 
and metal-matrix (such as graphite-rein­
forced aluminum) composites. 

A layer of thermally expansive material 
such as aluminum surrounds a release 
layer on a mandrel (see figure). The un­
cured composite is wrapped tightly around 
the aluminum layer, separated from it by a 
thin layer of polytetrafluoroethylene or 
other nonsticking material so that the com­
posite can later be easily released from the 
mandrel. A tight wrapping of graphite fila­
ments surrounds the composite, separat­
ed from it by another layer of polytetra­
fluoroethytene. 

As the assembly is heated, the alumi­
num expands about 22 times as much as 
the graphite-filament wrap does. Thus, 

Polytetrafluoroethylene 

CompoSite 

Layers of Differentially Expanding Material 
squeeze a fiber-reinforced composite be­
tween them when heated. 
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the composite is squeezed between the 
aluminum and the graphite wrapping. For 
exarrple, heating layers of aluminum, graph­
ite/epoxy composite, and graphite wrap -
each 0.25 in. (0.6 cm) thick on a mandrel 19 
in. (48 cm) in diameter - through a tem­
perature rise of 350 OF (194°C) -would 
create a pressure of about 790 Ibfln.2 (5.5 
MPa) in the composite layer. The pressure 
can be increased or decreased by increas­
ing or decreasing the thickness of the ex­
pansion layer. 

The assembly could be heated in an 
oven. Alternatively, if the structure is very 

large, electromagnetic induction from con­
ductive coils around the assembly could 
heat the graphite-filament wrapping. Sup­
plemental heating can be furnished by re­
sistance elements within the mandrel. 

This work was done by W. A. Sigur of 
Martin Marietta Corp. , for Marshall Space 
A ight Center. For further information, Or­
cle 104 on the TSP Request Card. 

Inquiries concerning rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page tB}. Refer to 
MFS-28390 

'There's 
almost nothing you 
can't test inBoeing 

acoustics labs. 

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

BOEING 
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Screen·Prlnted YBa2Cu307-x Films on Alumina 
W~ Superconducting films are made in a relatively simple process. 

Lewis Research Center, Cleveland, Ohio 
Thick films of YBa.p..i:P7-x supercon­

ductor have been deposited on highlyi'QI­
ished alumina substrates by screen printing. 
In addition to sifllllicity, the screeniXinting 
technique offers the advantage that pat­
terns for electronic and microwave circuits 
and devices can be printed directly, without 
additional etching steps. 

The experiments on the screen-printing 
technique began with the preparation of 
the YBa-tPu307-X powder by solid-state 
reaction between Y fJ3' BaC03 and QJO 
powders. The YBafAJ:P7-X powder was 
then passed through a 5()(}mesh screen 
and mixed thoroughly with an organic vehI­
cle to form a paste. The paste was then 
printed directly on the highly-pure alumina 
substrates through 325-mesh screens, 
some of which were stainless steel and 
some of which were silk. 

The substrate-and'paste specimens 
were heated at 5 OC/min to various sinter­
ing temperatures from 900 to 1,000 OC, 
where they were held for various intervals 
from 5 min. to 4 h. The specimens were 
cooled at 3 OC/min to 450 OC, where they 
were annealed for 3 h. Finally, the speci­
mens were cooled slcmly to room temper­
ature. The entire slntering-and-annealing 
process was carried out in flowing oxygen. 

The thickness of the processed films 
ranged from rv30 to 5O,..-n. Those sintered 
at or above 980 OC were hard and adhered 
well to the substrates. The films were ex­
amined by x-ray diffraction to determine 
which solid-state phases were present. Mi­
crostructures were observed by optical 
and scanning electron microscopy. Electri­
cal resistivities were measured In the 
standard four-probe configuration over a 
range of temperatures down to that of liq­
uid helium (see figure). 

The examinations and measurements 
showed that the properties of the films de­
pend strongly on the sintering-and-anneal­
ing treatment. In terms of the actlerence 
and superconductlng-transltion tempera­
ture of the films, the optimum annealing 
temperature and time were found to be 
1,OOO°C and 15 min, respectively. Films 
with higher superconducting·transition 
temperatures but poorer adhesion were 
formed at 945 OC. Thus, there appears to 
be a need to increase adhesion at lower 
sintering temperatures. 

This work was done by Narottam P. 
Bansal and Ra/nee N. Simons of lewis Re­
search Cent .. and D. E. Farrell of Case 
Westem Reserve University. Further infor­
mation may be found In NASA TM-100800 
[N88-22005]. "Synthesis and Characteriza­
tion of High-Tc Screen-Printed Y-Ba-QJ-O 
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Plots of Normalized Resistivity Versus Temperature show the effects of annealing tempera­
tures and times. 

Films on Alumina ... 
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-14829 
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Making Submicron CoSi2 Structures on Silicon Substrates 
Submicron epitaxial single-crystal lines have been 
fabricated by direct electron-beam exposure. ~J 

-------------------------------------~~ NASA's Jet Propulsion Laboratory, Pasadena, California small as 28 nm. In contrast, present 
electron-beam lithography with resist 
technology cannot produce features 
smaller than approximately 40 nm. 

M experimental fabrication process 
makes submicron-sized structures of sin­
gle-crystal metallic CoSi2 on silicon sub­
strates. 'Nhen fully developed, the process 
may be used to make fine wires or dots that 
exhibit quantum confinement of charge 
c,miers. The lateral dimensions of the 
structures will probably have to be tens of 
nanometers or less. Other potential appli­
cations include the use as electron-beam 
resists and fabrication of submicron gate 
electrodes in small field-effect transistors. 

The process (see figure) begins with the 
deposition of a layer of amorphous (that is, 
noncrystalline) Co:Si (1 :2) on the (111) sur­
face of a silicon substrate at near room 
temperature. The stoichiometric ratio of 
the amorphous deposit is essential to for­
mation at low temperature because it pre­
vents the formation of intermediate silicide 
phases. 

M electron beam is focused on the layer 
of amorphous Co:Si (1 :2) and scanned 
across it as necessary to define the struc­
ture to be fabricated. In the area(s) struck 
by the electron beam, the amorphous Co: 
Si is crystallized, becoming single-crystal 
CoSi2· 
--

Focused 
Electron Beam 

A~~h~ co~\ \ II 
(1:\ 

Silicon Substrate 

Single-Crystal Electron Beam 
I Annealing by 

CoSl2 ~ AmorPhoi Co:SI(1 :2) 

V//1 

Silicon Substrate 

,JseleCtiVe 
Etching 

Single-Crystal 

COSI~ 

Silicon Substrate I 
Amorphous Co:SI (1:2) Is Crystallized by an 
electron beam, becoming single-crystal 
CoSI2- The remaining amorphous Co:Si Is 
then preferentially etched away. 
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The remaining amorphous Co:Si is then 
removed selectively by a suitable etching 
technique. For example, a solution of 
H F:HP (1 :9) etches Co:Sl (1 :2) at a rate of 
about 3 Als, while it etches single-crystal 
Co:Si2 much more slowly. This degree of 
selectivity is adequate for removal of the 
amorphous Co:Si without adversely affect­
ing the surviving single-crystal CoSi2. 

The process was demonstrated by using 
a 300-keV, 10-J.IA electron beam from a 
transmission electron microscope to make 
single-crystal CoSi2 lines 300 nm wide from 
a 1(}nm-thick matrix of amorphous Co:Sl 
on a silicon (111) substrate. The crystallized 
regions were sharply defined. The amor­
phous Co:Sl remained unchanged only 10 
nm away from the electron beam. 

These results suggest that selective 
crystallization of CoSi2 in an electron-beam 
lithography system should be possible. 
Allowing for the 8-nm width of the electron­
beam spot and for a 1o-nm-wide border on 
both sides, it should be possible to make 
structures that have lateral dimensions as 

By the use of CoSi2 structures as elec­
tron-beam resists, it may be possible to 
achieve dimensions smaller than those 
achievable by photoresist techniques. The 
patterned CoSi2 could be used as a mask 
to etch the underlying material. Etching 
techniques that do not readily attack CoSi2 
would again be required. Techniques suit­
able for this purpose may include plasma 
etching in CF4 and chemical etching in di­
lute HF:HP or phosphoric acid. 

This work was done by Simon K. W 
Nieh, True-Lon Un, and Robert W FatfJauer 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Qrcle 
10 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 18]. Refer to NPO-17736 

Theres 
almost nothing you 
can't test in Boeing 

propulsion 

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

BOEING 
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Glove Box for Hazardous Liquids 
~~A conceptual box is designed for safe handling and clean ing. 

Marshall Space Flight Center, Alabama 
A prq:JOSed glove box (see figure) would 

enable a technician to handle hazardous liq-
uids safely and to clean up quickly if a spill 
should occur. As in any glove box, the tech­
nician places hands and arms in gloves at 
a port to manipulate materials within the 
box. 

Uquids in the box are contained in pouch­
es (this feature is necessary if the box is to 
be used in zero gravity). To transfer liquid 
from one pouch to another, the technician 
inserts a syringe through a septum in a 
pouch, draws a precise volume of liquid in· 
to the syringe, inserts the syringe in the 
septum of another pouch, and expels the liq· 
uid. 

Glove 
Port 

Glove Box 

Latch (One 
of Four) 

N itrogen-Recycli ng 
Equipment 

Syringe 

Quick­
Disconnect 

Fitting 

To transfer the contents of a pouch to a 
waste·collection system, the technician in­
serts the quick-disconnect fitting at the end 
of a tube on the pouch into a quick-connect 
fitting on the wall of the box. The entire box 
can be vented to a vacuum to clean up a 
spill. When this is necessary, the operator 
makes use of a chamber in the glove port 
to prevent the gloves from rupturing under 
the vacuum and leaking outside air into the 

The Glove Box includes a hatch that seals off the glove ports so that the box can be vented 
and purged when necessary. 
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Sometimes it's just not convenient to bring 
the job to the test bench. 

Cabtron has an enclosure for everyone who's ever had to wait 
days for the space to run an hour's worth of tests. [t's 
the MTC Mobile Test Cart-a heavy duty enclosure 
designed specifically for portable use. 

With the MTC, you can bring a complete test bench to 
the job. [t's ideal for manufacturing, flight lines, test 
engineering, quality assurance, or any job where 
stationary equipment is normally used. The MTC also 
allows one set of test equipment to be used in several 
areas, reducing overhead while increasing efficiency. 

Best of all, its advanced design and rugged construction allow it to 
be used even with sensitive test equipment. A heavy duty, prime 
14 gauge steel frame protects against bumps and jars. And the entire 

circuit is protected by 15 amp fuse to help guard against damaging 
voltage spikes. 

You can even customize the MTC to fit your specific requirements with 
a large selection of accessories and a choice of single or dual 

bay models in 10 standard colors. 

Put an end to test space delays by bringing the test bench 
to the job with the MTC. For more information, contact 
your Cabtron representative or call 1-312-498-6090. 

Cabtron Systems, Inc. 
200 Anets Drive 
Northbrook, IL 60062 
1-312-498-6090 
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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 TWfY.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 ali, it's fast 
-very, very fast. 

1-800-638-7380 
For information or 
immediate pick-up, 
ask for Agent 195. 



box. The operator simply closes a hatch in· 
side the box to seal the glove port and 
withdraws hards ard arms from the glcNes, 
leaving the gloves in the glove chamber. 
The interior of the glove box can then be 
opened to the vacuum. 

The gloves can be changed, if neces­
sary, while the hatch is closed. The gloves 
are part of an integral ring-and-glove as­
sembly. The ring seals to an O-ring in the 
glove port. A self-sealing plastic bag, at­
tached to the outside of the glove port, is 

used to replace the gloves. 
This work was done by R. N. Rossier and 

B. Bicknell of Martin Marietta Corp. for 
Marshall Space Right Center. No fur­
ther documentation is available. 
MF8-28392 

Healing Voids in Interconnections in 1ntegrated Circuits 
A seemingly harsh treatment fills voids (cracks) in aluminum conductors. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
All unusual heat treatment heals voids 

(cracks) in aluminum interconnections on 
integrated circuits (IC's). The voids (cracks) 
have been attributed to such causes as 
mismatched thermal expansion and pre­
cipitation of silicon in the aluminum con­
ductors during the processing of IC wafers 
and the packaging of IC chips. The treat­
ment consists of heating an IC to a temper­
ature between 200 °C and 400 °C, holding 
it at that temperature, and then plunging 
the IC immediately into liquid nitrogen. 

Ordinarily, one would expect such a 
treatment to start voids (cracks) or make 
them longer. Indeed, the treatment was 
first tried in the effort to inflict further 
damage during a study of voiding (crack­
ing) in aluminum interconnection in ran­
dom-access-memory IC's. Researchers 
had hoped that further damage would lead 

NASA has big plans for the Hubble 
Space Telescope. To be sure it's 
pointed in the right direction, BEl's 
Ultra-Lac precision drive system feat­
uring LED-equipped motor-encoders 
will provide guide-star positioning data. 

These small light weight beryllium 

to a capability to estimate growth kinetics. 
To their surprise, the treatment healed the 
interconnects (see figure). 

In the new treatment, the high tempera­
ture is necessary but not the critical step 
and can range from 200 to 400°C, which Is 
speculated to depend on the temperature 
used to deposit aluminum In manufacture. 
A typical holding time at the evaluated 
temperature is 30 minutes. The critical 
step is the rapid cooling in liquid nitrogen. 

Two VoIds (Cracks) can be observed on op­
posite sides of an aluminum Interconnec­
tion. After the thermal treatment, the voids 
(cracks) have disappeared. The aluminum 
line Is 7/ArTl wide. The pictures appear slightly 
fuzzy because the aluminum Interconnec­
tion Is being photographed through a 
glasslvatlon layer that Is on top of the alu­
minum. 

Sometimes, 
the biggest 
plans rely on 
he smallest 

details. 
motor-encoders are totally integrated, 
including motor commutation and 
feature resolution and accuracy to 21 
bits. When you think about it, details 
don't get much smaller than that. 

Our procedures are in compliance 
with NHB-5300A (1 B), MIL-Q-9858A, 

and high reliability MIL-STD-785 
specifications. 

If you have some big plans, perhaps 
we can help in some small way. We 
would like to hear from you ... 
For more information, contact Paul 
Barlock at (501) 851-4000. 

~ 3 = I) BEl MOTION SYSTEMS COMPANY 
: Digital Products Division 

Maumelle Industrial Park . 1100 Murphy Drive . Maumelle. AR 72118 • (501) 851-4000 • FAX: 501·851-5476 
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MKS 
CalStand ™ Products 

for 
Pressure and Flow Calibration 

of 
Gaseous Media 

If you need Primary or 'D'ansfer Standards for your calibration 
laboratory or production facility, MKS has Just what you need. 

PRESSURE: 

The VGCS Vacuum Gauge Calibration System is a fully 
automated Laboratory Transfer Standard System for the 
calibration of a wide variety of vacuum gauges - (ionization, 
thermal conductivity and capacitance manometers) in the range 
of Atmosphere to 10.7 Torr. 

The PVS-6 Portable Vacuum Standard is a self contained 
Transfer Standard System incorporating high accuracy, wide 
range of atmosphere to 1Q.6Torr, and portability - battery back-up 
for the Transfer Standards. 

FLOW: 

CALI FLOW Primary Volumetric Flow Standard allows calibration of 
flow controllers with range of 1 seem to 50 slm with an accuracy 
of 0.2"/0 of Reading. Can be computer automated for unattended 
operation. Features NIST traceability of Primary measurement 
parameters. It is available in the semi-automatic A-l00 or the 
fully-automated A-200 version. 

MICROCAL-F is an automated eight-channel Transfer Standard 
calibrator for either mass flow meters or mass flow controllers. 
System allows optimized linearization of MKS Masster-Flow'· Flow 
Transfer Standards to 0.1 % F.S. accuracy, CRT display of all 
parameters and printer output for calibration data. 

Six Shattuck Road 
Andover, MA 01810 
(800) 227-8766 
In MA: (508)975-2350 
Telex: (508)975-0094 
FAX: (508)975-0093 

As with all MKS Standards, 
traceability to NIST is pro­
vided. With our worldwide 
network of Calibration and 
Service Centers, con­
tinued customer support is 
always available. 
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This work was done by Edward F. OJCIdihy, 
Russell A. Lawton, and Thomas Gavin of 
Caltech for NASA's Jet Propulsion lab­
oratory. For further information, Circle 42 

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 Offic~PL [see 
page tB}. Refer to NPO-17678. 

Arc-Light Reflector for Television Weld Monitoring 
Light is spread more evenly over the image area. 

Marshall Space Flight Center, Alabama 
A conical, stainless-steel mirror at­

tached to the end of a welding torch im­
proves the distribution of light on the work­
piece as its welding is monitored through 
the torch by television. An auxiliary light 
source is therefore not needed. Television 
monitoring not only protects the operators 
from the intense arc light but also facili­
tates automated welding. 

In earlier versions of television weld 
monitoring, the extremely bright light of the 
welding arc closed down the camera aper­
ture enough to lose the detail of the rela­
tively dark surrounding region, particularly 
on overlays. The solution of this problem 
was to use auxiliary light sources to il­
luminate the area surrounding the arc. 
These sources were large, expensive, 
bright, quartz/halogen lights that did not 
work well. 

The new conical mirror (see figure) on 
the other hand, reflects the already-avail­
able arc light onto the darker surrounding 
areas, providing the monitor with a clearer, 
more detailed image of the welding opera­
tion. Simple, small, and easy to install and 
remove, the mirror is relatively nonintru­
sive. For example, it does not interfere with 
the addition of filler wire. 

This work was done by Stephen S. 
Gordon of Rockwell International Corp. for 
Marshall Space Right Center. No fur­
ther documentation is available. 

This invention has been patented by 
NASA (U.S. Patent No. 4,633,060). In­
quiries concerning nonexclusive or exclu­
sive license for its commercial develop­
ment should be addressed to the Patent 
Counsel, Marshall Space Flight Center 
[see page tB}. Refer to MFS-29134. 

Conical Mirror 
(Arc-Light Reflector) 

An Arc-Light Reflector directs light from 
the welding arc back onto the workpiece, 
enabling television monitoring of the weld­
ing operation and protecting the operator 
from the arc light. 

Numerical Algorithms Group 

NAG Fortran Library products enable you to spend your time and talents on genuine 
problem solving, not software development. 200 experts, recognized worldwide as the 
leaders in their fields, create the solutions in the NAG Library. The accuracy, perfor­
mance, and total capabilities of NAG software are unmatched in the industry. Take 
advantage of NAG's expertise in any of these fine products: 
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NAG FORTRAN LmRARY 

More than 700 user-level routines covering the 
principal areas of mathematics and statistics. 
Available on over 90 different computers from 
PC's to supercomputers. 

NAG GRAPHlCAL SUPPLEMENT 

A convenient and versatile means for display­
ing numerical results generated by the Library. 
A facility not available with other libraries. 

NAG ONLINE SUPPLEMENT 

An interactive query system enabling the user 
to make maximum use of the NAG Library. 
The Online system provides hints on choice of 
routines, syntax assistance, and other forms of 
help. 

An interactive CASE tool for vectorizing and 
para1lelizing Fortran programs. Attain perfor­
mance improvements beyond what optimizing 
compilers may provide. Ideal for "rejuvenating" 
older applications. 

NAG Ada Library 

The first commercially available math library 
designed and written completely in Ada. Shor­
tens the development cycle for embedded math 
operations in Ada programs. 

GENSTAT and GUM 

Interactive statistical analysis systems used for 
data exploration, linear modelling, time series 
analysis ... useful applications in statistical qual­
ity control and product survival analysis. 

THE NAG PRODUCT LINE OFFERS 
NUMERICAL AND GRAPHICAL ALGORlTHMS 
FOR MANY SCIENTIFIC AND ENGINEERING 

APPLICATIONS INCLUDING: 

• SIGNAL PROCESSING • COMPUTATIONAL CHEMISTRY 
• OPERATIONS RESEARCH • ECONOMETRIC MODELS 
• APPLICATIONS DEVELOPMENT • STATISTICAL ANALYSIS 

NUMERlCAL ALGORlTHMS GROUP 1400 Opus Place, Suite 200 Downers Grove, IL 60515-5702 (312) 971-2337 FAX: (312) 971-2706 
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Making Internal Molds of Long, Curved Tubes 
Mold material is carried to an internal weld joint and removed after an impression is taken. ~ 

Marshall Space Flight Center, Alabama The operator releases the pressure in the 
cylinder and bag after the impression has 
been made. A retractor spring in the head 
draws the platen and molding material in­
ward so that the device can be withdrawn. A 
steel cable acts as a redundant tether to en­
sure that all parts are extracted. 

A remotely operated device makes an 
impression mold of the interior surface of a 
tube at a weld joint. The mold provides an 
indication of the extent of the mismatch be­
tween the members at the joint. The device 
can be maneuvered to the weld to be in­
spected through a curved tube 3 in. (7.6 cm) 
in diameter by 50 in. (127 cm) long. It can 
readily be adapted to making molds to 
measure the depth of corrosion in boiler 
tLbes or other pipes. 

The device includes a V-notched head on 
the end of a set of hoses (see figure). The 

TETHERED MOLDING MATERIAL 
SEPARATED FROM HEAD TO SHOW PLATEN 

MOLDING MATERIAL MOUNTED ON PLATEN 

CUTAWAY VIEW OF TUBE SHOWING 
SPUTTER ROD AND WELD 

When Pressurized, In Air Cylinder In the 
Held of the mold-making device forces the 
platen and mold material against the Inner 
wall of the tUbe. The splitter rod, revealed In 
the cutaway tube, aids In the positioning of 
the V·notched head. 

NASA Tech Briefs, September 1989 

operator inserts the device in the tube and 
manipulates color-<XXled lines to guide it 
through the curves in the tube until the 
V-notch in the head engages a splitter rod at 
the weld joint. The operator inflates an air· 
bag on the head to lock it in place. The oper­
ator then applies air pressure to an air cylin­
der that pushes a platen outward, forcing 
the molding material against the inner wall 
of the tube. 

Infrared and U1traviolet 
Detector Windows and 
Lenses 
Windows and Lenses 
Ruby and Vag Laser Rods 

The V-notch can be indexed in 15° incre­
ments about the axis of the tube. This fea­
ture enables the taking of a series of impres­
sions that CCNer all or a pJrtion of the inner 
circumference of the tUbe. 

Sapphire and Ruby 
Feed-through Assemblies 
Metalized Sapphire 
Assemblies 

Call or write 
for our new 
ca1alog. ) MelIerOpticsJnc. 

Optics and pbolonics lor industry and delerN!. 
P.O. Box 6001, Providence, R1 02940 

Phone: 401·331·3717· 800-821-0180 • FAX: 401-331-0519 
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Circle Reader Action No. 422 

Labsphere offers a complete line of integrating 
sphere uniform light sources, ranging in size 
from 2 inches to 65 inches to accommodate 
virtually any application need. 

Complete with lamps, power supplies and lumi­
nance monitors, the Unisource assemblies are 
characterized by a luminance and radiance 
which are constant over the plane of the exit 
port and independent of viewing angle; an ideal 
lambertian source. 

Call or write for more information. 

The preferred 
instruments for: 

• Calibration of 
electronic imaging 
devices 

• Illumination for 
densitometers 

• Detector calibration 
and test 

• Optical transmittance 
measurements 

• Calibration of 
radiometers and 
photometers 

• MTF testing of optical 
systems 

• Source simulation 

Labsphere Inc Tel: 603-927-4266 
, • Twx: 710-366-0064 

PO Box 70, North Sullon, NH OU60 Fax: MU-927-4694 

112 Circle Reader Action No. 348 

This work was done by Richard K Burley 
of Rockwell International Corp. for Mar· 
shall Space Right Center. For further in· 
formation, Circle 98 on the TSP Request 
Card. MF8-29435 

Lightweight, 
H igh·Current 
Welding Gun 
A resistance welder 
delivers up to 4,000 A. 

¥?rshall Space Flight Center, 
Alabama 

A lightweight resistance-welding gun 
(see figure) delivers currents and weld 
forces ordinarily obtainable only from 
larger, heavier equipment. The hand-held 
gun supplies alternating or direct current 
over a range of 600 to 4,000 A and can ap­
ply forces from 40 to 60 Ib (178 to 267 N) 
during welding. 

The gun can be used to weld metal sheets 
in multilayered stacks. The high-current, 
high-force, short-duration heating mini­
mizes cracking and produces welds that 
are large enough for critical structural ap­
plications. 

The body of the gun is made of a nonme­
tallic material to keep ~s weight ION. It is de­
signed to be comfortable and convenient 
to use and enables the operator to adjust 
the welding current to suit the thickness of 
the weldment. The gun can be operated 
with a load cell instead of a miniature 
switch, to guard against misfiring or arc 
damage. 

This work was done by Thomas F. Starck 
and Andrew D. Brennan of Rockwell Inter­
national Corp. for Marshall Space Right 
Center. No further documentation is avail­
able. 

Inquiries concerning rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel, Marshall 
Space Flight Centerlsee page 18].Referto 
MFS-29454. 

An Operator Can Maneuver This Welding 
Gun Easily and apply a large force to the 
weld joint with it. 
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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. 

Varlable·Polarity Plasma 
Arc Welding of Alloy 2219 

Macrosegregation and 
characteristics of 
arcs are examined. 

A report presents the results of a study 
of varlable-polarity plasma arc (VPPA) weld­
ing of aluminum alloy 2219. The study con­
sisted of two parts: 
• M examination of the effects of microse­

gregation and transient weld stress on 
rnacrosegregation in the weld pool and 

• 8ectrical characterization of the straight­
and reverse-polarity portions of the arc cy­
cle. 

In VPPA welding, the polarity of the arc 
switches many i'mas per second. The sput­
tering action of argon ions during reverse 
polarity disrupts the oxide film that normal­
ly forms on alloy 2219, thus improving the 
weldability of this uniquely weldable binary 
alloy of aluminum and copper. 

The study led to the conclusion that alloy 
2219 is weldable because large volumes of 
liquid are available during the latter stages 
of solidification. It also found that transient 
stresses cause exudation and flaws that 
are subsequently backfilled. These effects 
in turn cause macrosegregation, which 
manifests itself in radiographic contrast 
phenomena. Material enriched in copper 
was found at the surface of the weld, prob­
ably produced by sputtering and evapora­
tion. 

The study further showed that current 
in the arc falls during the reverse-polarity 
portion of the cycle, but voltage increases 
so much that greater power is often pro­
duced in the reverse part of the cycle than 
in the straight (forward-polarity) part. At any 
programmed current, the current in the 
straight-polarity portion of the cycle in­
creases as the relative duration of the 
reverse-polarity portion is increased. 

This work was done by Daniel W Walsh 
of California Polytechnic State University 
and Arthur C. Nunes Jr., of Marshall 
Space flight Center. To obtain a copy of 
the re{X>rt, "The Keyhole Region in VPPA 
Welds," Orele 108 on the TSP Request 
Card. 

Inquiries concerning rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 18JRefer to 
MFS-27223 
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Grinding Si3N4 Powder in 
SI3N4 Equipment 

Three methods of grinding 
are compared. 

Attrition milling in silicon nitride mills is a 
fast way of producing fine silicon nitride 
powders with minimum pickup of impurity, 
a report concludes. The report is based on 
a study of grinding silicon nitride powder in 
preparation for sintering it into a solid ce­
ramic material. 

Attrition, vibratory, and ball mills lined 
with reaction-bonded silicon nitride were 
tested. The rates of reduction of particle 
sizes and the changes in chemical compo­
sitions of the powders were measured so 
that the grinding efficiencies and the in­
creases in impurity contents from wear of 
the mills and media could be evaluated for 
each technique. 

The results shOlNed that the attrition mill 
and the vibratory mill reduce the sizes of 
particles (measured by increases in sur­
face area) at about the sarne rate - about 
eight times that of the ball mill. The amount 
of oxygen picked up by the particles in­
creases with milling time. The cumUlative 
increase in oxygen content as a function of 
the cumulative increase in particle surface 
area is about the same in ball and attrition 
milling but about six times as large in vi­
bratory milling. Consequently, because of 
its high rate of reduction of particle size 
and lOIN rate of absorption of oxygen, attri­
tion milling is preferred. 

Three milling fluids were tested: ethanol, 
heptane plus 3 volume percent ethanol, 
and n-butanol. In ball milling, butanol was 
found to cause more contamination with 
carbon than did the other fluids because it 
degraded a rubber cap on the mill. Butanol 
also caused slOlNer reduction in the sizes 
of particles. 

This work was clone by Thomas P. Herbell, 
Marc R. Freedman, and James D. Kiser of 
lewis Research Center. Further informa­
tion may be found in NASA TM-86864 (Re­
vised) [N86-24839}, "Particle Size Reduc­
tion of Si3N4 Powder with Si3N4 Milling 
Hardware." 

Copies may be purchased [prepayment 
required] from the National Technical/n­
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. 
Rush orders may be placed for an extra fee 
by calling (BOO) 336-4700. 
LEW-14B21 

Is JOI8' ......... tIon 
..... 10 ....... ' 
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8Ubecrlptton expires. • 

RealTime 
Video 

On 
Workstation 

Displays 

••• 

- :: : : e-- .. ... . 

RGBIView™2000 
The RGB !View video display controller 

Integrates real-time video with 
computer generated text and 

graphics on high resolution displays. 

The RGB !VIew accepts composite 
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 screen. 

• 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 compotible 

• Full 24-bit color; highest quality 
video image 

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

• Text and graphics 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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Computer Programs 
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for Constrained 
Optimization 

Dynamic Transfers of Tasks Among Computers 
An allocation scheme would give jobs to idle computers. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A distributed computer system consists 
of several computers with the same or dif­
ferent processing capabilities, connected 
together by a network. In such a distributed 
multicomputer system, there is a probabili­
ty that one of the computer stations will be 
idle while another computer station will 
have more than one job waiting in the 
queue for service. We call this probability 
the imbalance probability. A high imbal­
ance probability typically implies poor sys­
tem performance. By reallocating queued 
jobs to idle or lightly loaded stations, a 
reduction in system response time can be 
expected. This technique is called load 
sharing and is one of the main focuses of 
this paper. 

An ideal resource-sharing algorithm 
should have the following characteristics: 
1. Dynamics: The load distribution can 

adapt to rapid system load changes. 
2. Decentralized: Each processor deter­

mines, on its own, whether to process a 
job locally or send the job to some other 
station for processing. There is no need 
for a central dispatcher. Since the central 
dispatcher is not required, the problem of 
a single point of failure is eliminated. 

3. Heterogeneous: The computer stations 
need not have the same processing 
povver. 
The proposed enhanced receiver-initi­

ated dynamic algorithm (ERIDA) for re­
source sharing fulfills all the above criteria. 

When a job finishes service and leaves a 
station in this new algorithm, the station 
checks the workload indicator by dividing 
the queue length by the service rate. If the 
workload indicator is below a certain low 
threshold level, the lightly loaded station ini­
tiates a search for the busiest station. If the 
workload indicator of the busiest station is 
above certain high threshold, a job from 
that busy station is transferred to the lightly 
loaded station. Thus, the ERIDA provides a 
method that balances the workload among 
hosts, resulting in an improvement in the 
response time and throughput perform­
ance of the total system. 

The ERIDA adjusts dynamically to the 
traffic load of each station. When the work­
load indicator of every station is greater 

114 

than a certain threshold level, the algo­
rithm generates no overhead - an impor­
tant advantage. 

In a homogeneous 20-node system, ser­
vice stations have the same service rates, 
and the arrival rates at each station are 
also assumed to be equal. The approxi­
mate ERIDA queueing model is validated 
by a GPSSIPC (general-purpose simulation 
system/personal computer) simulation. 
The comparison of results from the aver­
age response time generated by the ap­
proximate queueing model and the results 
from the simulation excercise are shown in 
the figure. This figure shows that the re­
sults from the approximate queueing 
models are very close to the simulation re­
sults. 

Comparing the ERIDA to a non-achieve­
able centralized resource-sharing system 
(M/M/10), the figure shows that the ERIDA 
performance is worse than the centralized 
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M/M/10 system. The inefficiency of the 
ERIDA can be illustrated by the follOwing 
scenario: If one of the stations finishes the 
jobs in its queue and sees that all the other 
stations are not heavily loaded, this station 
will go to relinquish and remain idle until 
either another local job arrives or until 
wakeup timeout. This idle station will not be 
able to share the load with any other sta­
tions that become overloaded during its re­
linquish period. For this system configura­
tion, we can conclude that a centralized 
resource-sharing scheme provides the 
best performance, since no job will wait if 
any station is idle. However, this central­
ized scheme is typically not practical for 
implementing on a distributed system. 

In the same figure, the results of the 
ERIDA are compared against the case 
without load sharing, i.e., the case of multi­
ple independent M/M/1 queues. The aver­
age response time is always improved 

0.2 '--____ ---'-_____ -'--_____ ..L-____ ---' 

0.00 0.25 0.50 0.75 1.00 

Traffic Intensity 

Average Response Time Comparison among ERIDA DIT (ERI DA-APX: 0 l, ERI DA simulation 
(ERIDA-SIM: 0 l, centralized (M/M/20: X) and an independent system (M/M/1: + l, each operat­
ing in a 20-server homogeneous system. 
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Associated Conferences 
Annual Meeting-Lasers and Electro-Optics Society of IEEE 
Annual Meeting - Optical Society of America 
International Congress on Applications of Lasers and Electro-Optics­

Laser Institute of America 
Technical Engineering Program - Optical Society of America 

October 15-0ctober 20, 1989 • Orange County Convention Center, Orlando, Florida 

OPTICS '89 is a jointly sponsored event addressing the needs of all professionals with interest in optics and 
its applications: technicians, engineers, and pure and applied research scientists. The exhibition, core pro­
gram, and associated conferences are sponsored by major professional societies with activities in optics, op­
tical technology, applications of optics, laser technology, applications of lasers, and electro-optics. 

Topics Include: 
Optical Engineering 
Underwater Optics 
Optical Sensors & Measurements 
Flow & Particle Diagnostics 
Diffractive Optics 
Optical Interconnection for Computers 
Neural Networks and Optical Computing 
Optical Thin Films 

Laser Applications in Medicine & Surgery 
Laser Biophysics Applications 
Advancements in Laser Materials Processing 
Emerging Laser Technology 
UV and Short Wavelength Lasers 
Laser & Electro-Optics Systems 
Diode Pumped Lasers 
Laser Cooling & Ion Trapping 

Planetary Exploration Optical Sciences & Technology 
Image Processing 
Fiber Optics 
Local Area Networks & Fiber to the Home 

Selected Invited Speakers Include: 
Thomas P. Rona, Office of Science & Technology Policy, U.S. Scientific Capabilities for Economic Competitiveness 
Richard R. Freeman, AT&T Bell Laboratories, Imaging X-Ray Lithography 
Leon Goldman, U.S. Naval Hospital, Laser Applications in Medicine 
Yuan T. Lee, University of California, Dynamics of Chemical Reactions and Photochemical Processes Using High 

Resolution VUV Lasers 
C. Kumar Patel, AT&T Bell Laboratories, Twenty-Five Years of Uninterrupted Fun: The Evolution of CO2 Lasers 
Richard Snelling, Southern Bell, Fiber to the Home 

OPTICS '89 will consist of the following elements: 
• A major technical exhibition of equipment, supplies, and services for the optics and laser community in the 

140,000 sq. ft. Orange County Convention Center. 
• Product presentations that demonstrate and explain new and important products and their applications. 
• A series of full and half day short courses that provide the attendee with detailed infonnation on a broad spectrum 

of topics ranging from image processing to infrared systems to laser systems. 
• An employment center that is available for companies and registrants that wish to explore personnel resources. 

Sponsored by: 
Laser Institute of America (LlA) 
Lasers and Electro·Optics Society of IEEE (LEOS/IEEE) 
Optical Society of America (OSA) 

Additional Information: 
For additional information on the OPTICS '89 program, the technical exhibition, 

and the associated conferences of LlA, LEOS/IEEE, and OSA contact: 
OPTICS '89, c/o Optical Society of America 

1816 Jefferson Place, NW, Washington, DC 20036 
Phone (202) 223-8130 FAX (202) 223·1096 

Circle Reader Action No. 532 



when the ERIDA resource-sharing scheme 
is applied. Obviously, the independent 
M1M11 queue system is inefficient, since 
there may be jobs queued up in front of one 
of the stations when the other one is idle. 

This work was done by Howard T. Uu of 
CaJtech and John A Silvester of the Univer­
sity of &xJthern Galffornia forNASA's Jet 
Propulsion Laboratory. For further infor-

mation,Orele 47 on the TSP Request Card. 
This Invention is owned by NASA. and a 

patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent 
Counsel. NASA Resident Offic8'\JPL [see 
page 18]. Refer to 
NPO-17197. 

Network-Control Algorithm 
Channels are allocated optimally to links in a multilink, 
multi node network. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
An algorithm has been developed for 

the optimal routing of packets of data along 
the links of a multillnk, multinode digital 
communication network. The algorithm is 
iterative and converges to a cost-optimal 
assignment that is Independent of the Initial 
assignment. 

The network Is assumed to have an ar­
bitrary topology, In which each node is 
connected to several other nodes through 
full-duplex-fnultichannellinks (see example 
figure). The problem is to determine the link 
route between originating and destination 
nodes and the number of channels for pack­
et~ched traffic along the route that mini­
mize the cost, subject to the constraints 
Imposed by the maximum average allow­
able network delay. 

To simplify the analysis, the cost of initial 
setup, the propagation delay on each link, 
and the processing delay at each node are 
neglected. The cost of using each half du­
plex link is assumed to be proportional to 
the number of channels used in that link: 
This assumption assures the convexity of 
the cost function, which in turn assures 
that the iterative optimization process 
leads to a global optimum. 

The algorithm begins with the selection 
of an initial feasible flow vector, which 
characterizes the link route and the flow. 
The gradient of the cost function in the 
flow-vector space is then computed and 

used to find the shortest path. A flow<levia­
tion subalgorithm is then used to find the 
next iteration of the feasible flow vector 
that minimizes the cost function. If the frac­
tion of the user demand that satisfies this 
flow vector can be increased, it is in­
creased, and the resulting cost function is 
evaluated. The foregoing steps are repeat­
ed until the decrements of the cost func­
tion at an iteration become arbitrarily 
small, indicating the attainment of the glob­
al optimum. The number of channels in 
each link is then assigned according to the 
resulting flow vector. 

The algorithm depends In part on the 
assumption that the number of channels in 
a link can be treated as a continuous vari­
able. This assumption may not be appli­
cable where the number of channels is 
small, in which case integer programming 
can be used to determine the number of 
channels. The algorithm can also be modi­
fied to take account of different priorities 
among the packets belonging to different 
users by using different delay constraints 
or imposing additional penalties via the 
cost function. 

This work was done by Hak-Wai Olan 
and Tsun- Yee Yan of Caltech for NASA's 
Jet Propulsion Laboratory. For further in­
formation. Orc/e 125 on the TSP Request 
Card. 
NPO-17505 

Each Node 18 Connected to other nodes through links, each containing a number of two-way 
(one way at a time) channels. The algorithm assigns channels according to message traffic 
leaving and arriving at each node. 
~ Circle Reeder Action No. 303 NASA Tech Briefs, September 1989 



Thomson Saginaw ball screw actuators ... 
when only the best will do. 

A machine's performance is only as good as its 
complnents. That's why Thomson Saginaw ball 
screws have been specified most in demanding 
aviation and aerospace applications since 1941. 

Today, Thomson Saginaw is the new name for 
high-efficiency linear actuators - products formerly 
manufactured by the Actuator Products Group, 
Saginaw Division, General Motors Corporation. Now 
Thomson Saginaw is making machines more reliable 
in the manufacturing plant as well. 

Operating at over 90 percent efficiency, 
Thomson Saginaw ball screws convert rotary motion 
to linear motion. Assemblies come in telescoping or 
miniature designs, with ground or rolled threads, or 
even lightweight tubular screws. Diameters range 
from 3/16 inch to 4 inches. 

From milling machines to flying machines, the 
names "Thomson" and "Saginaw" are synonymous 
with reliable, quality performance. We welcome your 
inquiries. For a copy of our new catalog - or for 
expert application assistance - call us at (517) 
776-4123. 

Circle Reader Action No. 413 

Or write Thomson Saginaw Ball 
Screw Company, Inc., Box 9550, 
Saginaw, MI 48608. Telex: 71425543. 
Fax: (517) 776-3632. 

THON/SON SAGINAW 
First in Linear Actuator Technology 



Macsyma® ... 
the most powerful 
math software 
in the world of 
mainframes, 
now on 
PC's. 

1989 Symbolics Inc. 

Circle Reader Action No. 524 

Until now, if you wanted to 
combine symbolic and numerical 
analyses into a powerful approach to 
mathematical modeling, there was 
only one way to do it - MACSYMA 
and a big computer. 

Now we've taken all the 
power, performance and productivity 
of MACSYMA and created a PC ver­
sion, one that runs on any 386/00S­
based PC·. 

So now you can perform 
complex symbolic, numerical, and 
graphical calculations automatically 
- in applications ranging from 
plasma physics to aeronautics, from 
economics to fluid mechanics and 
more - right at your desk. Such as 
differential and integral equations, 
Laplace and Fourier transforms, 
vector and tensor calculus. The same 
calculations that used to require 
mainframe performance. 

There's one thing about 
MACSYMA that isn't complex - using 
it. In fact , using MACSYMA is so easy, 
you can get right to work using our 
On-line Help and Quick Reference 
Card - without even opening a book. 

MACSYMA on a PC. As easy as 1T. 
Call 1-800-MACSYMA (in 
Massachusetts, 617-221-1250). 

symbolics Inc 

Computer Aided Mathematics Group 
8 New England Executive Park East 
Burlington, MA 01803 U.S.A. 

MACSYMA is a registered trademark of Symbolics, Inc. 

• 100% IBM compatibles. 





After centuries of practice, 
mankind erfects engineering 

calcu ations: 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. 

M"thCAD 2.S includes 3-D plotting, HPGL sltm:h 
import, "nd PostScript 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, 
inciudingAutoCAD~ And now you 
can print on PostScript" compatible 
printers . 

And like before, MathCAD's live 
document interface'" 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, FFIs and matrices. 

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

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

And for Macintosh" 

March 14, 
1989 issue. 

Bestof'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~ 
diall-800-MATHCAD (in MA, 
617-577-1017). 

*Ifyou purchased MathCAD 2. 0 between 
5/1/89 and 6/16/89, you canget a FREE 
uf1!p'aJk to vmion 2.5 (otherwise, the up­
grade co$t is $99. 00 until June 30, 1989; 
afterwards, the co$t will be $149. 00) . 

MathCAD® 
MathSoft, Inc . One Kendall Square, Cambridge, MA 02139 
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Available for mM"' compatibles and Macintosh computers. TM and ® signify manuhcrurer's t .. demark or manuncturer'$ regisrcred r .. demark resp<ctively. PE 
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Using Inorganic Crystals To Grow Protein Crystals 
Solid materials serve as nucleating agents. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
Inorganic crystals can be used as nucle­

ants or substrates for growing protein crys­
tals. Inorganic crystals therefore promise 
to make the growth of protein crystals 
more easily controllable, more reliable, 
and more reproducible. Protein crystals 
can be induced by heterogeneous nuclea­
tion - and in some cases by epitaxy - to 
grow at lower supersaturations than are 
needed for spontaneous nucleation. Het­
erogeneous nucleation may make it possi­
ble to grow large, defect-free single crys­
tals of protein more readily. Such protein 
crystals will benefit research in biochemis­
try and pharmacology. 

A series of experiments tested the ef­
fects of 50 inorganic crystalline substrates 
on the growth of four proteins known to 
crystallize with exceptional reproducibility: 
chicken-egg lysozyme, jack-bean canaval-

in and concanavalin B, and beef-liver cata­
lase. The inorganic nucleants were select­
ed from a large collection of mineral and 
synthetic samples. They included alkaline 
earth fluorides, feldspars, zeolites, and mi­
cas, and compounds of transition-and 
heavy-metal ions. 

The proteins differed widely in sensitivity 
to nucleants. Canavalin responded to at 
least 30 out of the 50 inorganic materials 
tested, while lysozyme nucleated quickly 
with only 9 nucleants and catalase with on­
ly 7. Usually the crystals nucleated by par­
ticles were of the same size, form, and 
quality as those of control crystals grown 
without the nucleants. However, anomal­
ous forms were found: For example, lyso­
zyme grew on magnesium oxide cleav­
ages as spherulites but grew epitaxially on 
apophyllite as orthorhombic crystals (see 

Epitaxial Growth of Lysozyme crystal on a 
cleavage of apophyllite. 

figure). 
This work was done by Paul J. Sh/ichta 

of Caltech and Alexander A. McPherson of 
the University of California for NASA's Jet 
Propulsion Laboratory. For further infor­
mation, Circle 75 on the TSP Request Card. 
NPO-17314 

SYSTEMS REIDY TRANSIT CASES 
MIL-SPEC RELIABILITY 
EDAK provides fully ruggedized transit 
cases designed to protect against 
water, sand, dust, shock, vibration 
and the hazards of extreme conditions. 
MILEC-Built to military specs for 
ultimate protection in transport or oper­
ation under severe environmental stress. 

TRALEX-Transit and operational 
cases to safeguard valuable electrical 
or electronic equipment. 
A-CASE-Stackable off-the-shelf 
transit cases in many sizes. 

r-________ ~M~/=LE~Cr_------------~m~~~LE~X 
Features: 
• Shock isolated chassis 
• EMI shielding 
• Special storage 
• Positive stacking 
• Cooling provisions 
• Custom designs 
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~ Swiss engineering + 
~ American craftsmanship = = world class performance 
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Mirrors 

killS 
@!!! Dolle. 

SONEX acoustical foam's 
absorption coefficient is four 

times that of conventional 
materials. Send for the tests, 

charts, specs, and color 
examples from 3800 Washing~ 

ton Ave. N., Minneapolis, MN 
55412, or call612 / 521~3555. 

illbruck 

The world 's largest variety of optical quality mirrors. In stock. World­
wide. Flat, spherical , cylindrical , ellipsoidal, on- and off-axis paraboloi­

dal. Focal lengths from 12.5mm to 2 meters; diameters from 6mm to 
400mm. Surface accuracies to 
}J20. Available with aluminum, 
gold, silver, rhodium and a 
variety of high-efficiency 
dielectric reflective coat-
ings at laser wavelengths. 
Modifications, specials 
and competitive volume 
prices for the OEM . 

mELLES GillOT 1170 Kettering St .• Irvine, CA 92714· (714) 261-5600 

canada (61 3) 226·5880 • france (0 I) 3460·5252 • Japan (03)407·3614 • Netherlands (08360) 33041 
Sweden (0764) 31570 • Taiwan (035) 775·1 11 • United Kingdom (0252) 334411 • West Germany (06151) 86331 
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Books and Reports 
These reports, studies, handbooks are 
avai lable 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. 

Measuring Phytoplankton 
From Satellites 
Present and future methods 
are examined. 

A report reviews methods of calculating 
the concentration of phytoplankton from 
satellite measurements of the color of the 
ocean and using such calculations to es­
timate productivity of phytoplankton. Satel­
lites have a unique ability to measure the 
quantity of phytoplankton quickly on a re­
gional or ocean-basin scale. Satellite 0b­
servations are the only way to obtain a 
comprehensive view of the ocean because 
they can give global coverage in 1 or 2 
days. The Information will aid in under­
standing the role of the ocean In the global 
carbon dioxide cycle. 

As phytoplankton and their chlorophyll 
become more abundant, the color of the 
ocean shifts from blue to green. Color 
scanners aboard satellites detect this shift, 
providing the raw spectral data for use in 
calculations of concentration and produc­
tMty. 

The report describes the Coastal Zone 
Color Scanner (Cla3), which was launched 
aboard the Nimbus 7 satellite and is the on­
ly instrument to date designed especially to 
measure the color of the ocean. The report 
discusses algorithms that correct the raw 
spectral data to remove the effects of 
backscattered sunlight and microscopic 
particles in the atmosphere. It discusses 
algorithms that take account of the absorp­
tion and scattering properties of water and 
of dissolved and suspended constituents, 
including sediments, phytoplankton, and 
products of the degradation of phytoplank­
ton. 

The report goes on to discuss ways of 
estimating rates of production of phyto­
plankton from measurements of concen­
tration. The only method used thus far has 
been based on the correlation of satellite 
measurements with shipboard measure­
ments or published values. Much-better 
estimates can be obtained if such factors 
as light and the supply of nutrients are 
taken into account. Mathematical models 
that include these factors as well as 
satellite data are undergoing development, 
as are satellite instruments that will provide 
the necessary data. 

This work was done by C. 0. Davis of 
Caitech for NASA'. Jet Propuilion lab­
oratory. To obtain a copy of the report, 
"Measuring Phytoplankton Biomass and 
Productivity From Space, " Circle 69 on the 
TSP Request card. NPO-17008 
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New Literature 

A new PC data acquisition catalog 
from Intelligent I/O, Tucson, AZ, 
covers plug-in carrier boards and 
modules, including a complete soft­
ware library and all the necessary 
information to configure a cost­
effective data acquisition system for 
PC/AT/Xf, PS/2, and 386-type com­
puters. Offered free of charge, the 
catalog features such new products 
as the IQ Workstation, a real-time 
data acquisition, test, measurement, 
and control system, and " Super­
Boards," a family of small yet power­
ful single board products. 
Circle Reader Action Number 702. 
I-----------------j High-resolution positioning com-

ponents and systems for the optical, 
defense, medical, and fiber optics in­
dustries are described in a new cat­
alog from Micro Kinetics, Laguna 
Hills, CA. The 1 OO-page publication 
features multi-axis table systems, 
drive master actuators, micrometers 
and ball screws, electronic controls, 
motors and drivers, precision transla­
tion tables, micropositioning sys­
tems, piezoelectric translators, and 
optical encoder gauges. 

A free brochure from Cambridge 
Aeroflo Inc., Shirley, MA, describes 
the company's full line of motor 
drivers, sensors, switches, and con­
trols for monitoring and regulating 
air flow, mass flow, and temperature. 
Product highlights include solid-state 
sensors and switches featuring glass 
bead thermistors that compensate 
for ambient temperature, air speed, 
altitude, relative humidity, and rever­
sal in air flow. 
Circle Reader Action Number 704. 

Marketing Strategies International 
Inc., Mission Viejo, CA, has pub­
lished a directory of more than 600 
resellers serving the CAE and com­
puter graphics markets. The direc­
tory includes software and hardware 
resellers, VARs, system houses and 
integrators, distributors, and con­
sultants. It lists company name and 
address, phone number, products 
carried, and area of specialization. 
Circle Reader Action Number 724. 

A free booklet explains the Depart­
ment of Defense Computer-Aided 
Acquisition and Logistic Support 
(CALS) initiative, which calls for a 
shared, on-line weapons system in­
formation database to replace the 
current paper-based system. Offered 
by Sun Microsystems Inc., Mountain 
View, CA, the booklet details the 
origin, goals, and key issues sur­
rounding CALS, and suggests ways 
for government end-users and con­
tractors to prepare for the initiative's 
impact. 
Circle Reader Action Number 722. 

NASA Tech Briefs, September 1989 

Circle Reader Action Number 706. 

The Vantage™ Listing and Refer­
ence Manual features information 
on products compatible with the full 
line of image processing subsystems 
from Imaging Technology Inc. , 
Woburn, MA. The publication lists 
software for image analysis and 
measurement, machine vision, med­
ical imaging, and image compres­
sion and transmission, as well as 
hardware products such as video 
cameras, real-time disks, and display 
processors. 
Circle Reader Action Number 728. 

More than 1000 light sources, 
monochromators/spectrographs, 
and detection devices are detailed 
in a free catalog from Oriel Corp., 
Stratford, CT. In addition to fiber op­
tic components and UV-IR sources, 
the 460-page publication features 
such new products as MultiSpec™, 
a compact, high-performance spec­
trograph; Series Q, a versatile hous­
ing for low power arc lamps; and 
InstaSpecTM, an economic diode ar­
ray detection system . 
Circle Reader Action Number 708. 

VIBRATION 
TESTING? 

LDS offers: 
• Air cooled exciters to 

12,500 Ibs Force 

• Water cooled exciters to 
65,000 Ibs Force 

. Air & Water cooled 
Amplifiers to 288 kVA 

• Instrumentation 

• Slip Tables 

• Fixturing 

• Purpose built systems 
for temperature and 
vibration testing. 

World leaders in 
vibration technology 
CONTACT: 

60 CHURCH STREET 
YALESVILLE, CT 06492 

TEL (203) 265-7966 
FAX (203) 284-9399 
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NBS TESTS THE ROTRONIC 
C-80 HYGROMER HUMIDITY SENSOR 

Better than ± 2% RH over a temperature range 
of - 20°C to + 40°C. And now we operate at 175°C. 

Now, that's something to "croak" about!! 

Only Rotronic with HYGROCOMP electronics offers 
the confidence of performance specs supported by NBS 
test data. 

If you have a problem measuring or controlling humid­
ity, and you want solutions, not promises, Rotronic has the 
most complete line of portable instruments and industrial 
transmitters with NBS type tested RH sensors-the 
C-80 series. 

Rotronic gives you 25 years of experience in humidity 
sensor research and development ... that's why we're the 
best. For information and catalog contact us. 

HUMIDITY KNOWLEDGE ••• THAT WORKS 

ro Ironic 
instrument corp 

160 E. MAIN ST., HUNTINGTON, NY 11743 
516/427-3994 • FAX 516/427-3902 
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SCIENTIFIC/ENGINEERING GRAPHICS TOOLS 
for the IBM PC and compatibles 

FORTRA fPascal tools: GRAFMATIC (screen graphics) 
PLOTMATIC (pen plotter) and PRINTMATIC (printer driver) 

These packages provide 20 and 3D plotting capabilities 
for programmers writing in a variety of FORTRA fPascal 
environments. We support MS, R-M, LAHEY FORTRA and 
more. PLOTMATIC Supports HP or Houston Instrument 
plotters. PRI TMATIC supports dot-matrix and laser print­
ers. Font module available too! Priced from $135 . 
Don't want to program? Just ask for OMNIPLOT! Menu­
driven, fully documented integrated scientific graphics. Write 
or call for complete information and ordering instructions. 
GRAFMATIC-PLOTMATIC-PRINTMATIC-OMNIPLOT 
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Microcompatibles, 301 Prelude Drive, Silver Spring, MD 20901 
(301) 593-0683 
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Pressure 
Regulators 
Specializing in: 
• Medium to High 
Pressures 

• High Purity 
Applications 

• Corrosive Media 
and Environments 

Demanding appli­
cations call for 
Thscom pressure 
regulators. Choose 
from hundreds of 
standard models with 

literally thou-
sands of available modifications 
for special or one-of-a-kind applica­
tions. Send for a free 12-page color 
brochure describing our entire line. 
Or, write explaining your applica­
tion requirements and we'll send 
you complete specifications on 
recommended models. 

U~~~~~ 
PRESSURE CONTROLS DIVISION 

12616 Industrial Blvd., Elk River, Minnesota 55330 (612) 44) -6330 
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New on the Market 

The Synco Chemical Corp ., 
Bohemia, NY, is offering free sample 
tubes of Super Lube® , a synthetic, 
biodegradable lubricant that is safe 
for use on general manufacturing 
and food processing equipment. The 
product is impervious to water, 

Eastman Kodak Co., Rochester, NY, 
has added a solid-state camera with 
high resolution and RGB/NTSC com­
patibility to its still video product line. 
The CCD camera provides 330 TV 
lines of horizontal resolution in both 
NTSCand RGBoutput.Minimum il­
lumination is 20 lux, using the op­
tional fl1.4 12-72 mm zoom lens. It 
operates from 12V DC power and is 
supplied with an AC adapter. 
Circle Reader Action Number 760 . . 

grime, and extreme temperatures f-------------j 
when used on anything that slides, 
swivels, rolls, or squeaks; on parts 
subject to rust, heat, cold, corrosion, 
or abrasive wear; or on surfaces that 
should be weatherproof or water­
resistant. It provides lubrication from 
-45° to + 450°F. 
Circle Reader Action Number 774. 

A new series of high brightness AC 
plasma displays has been intro­
duced by Densitron Corp., Tor­
rance, CA. The displays offer a 
typical contrast ratio of 20: 1, 160 
degree viewing angle, and 50,000 
hours life with no reduction in pixel 
intensity. Select models feature grey 
scale capability; neon-orange pixels 
are available in 400 x 640 and 480 x 
640 graphic formats. 
Circle Reader Action Number 766. 

The UMIS-2ooo, a research tool for 
characterizing surface materials, in­
cluding coatings and surface mod­
ified layers, is offered by Microsci­
ence Inc., Norwell, MA. A diamond 
indenter is forced into the surface 
under controlled load, and pene­
tration displacement is recorded dur- f--------------j 
ing the loading and unloading 
segments. Hardness and elastic 
modulus are derived without imag­
ing the indent. The software system 
is IBM PC/AT compatible and pro­
vides instrument control, data ac­
quisition and analysis, and file 
handling. 
Circle Reader Action Number 772. 

The LunaTrace computer program 
from American Imaging Services 
Inc., Carrollton, TX, enables design­
ers to load optically scanned draw­
ings or images directly into a CAD 
system, avoiding expensive and 
time-consuming manual conversion 
to CAD format. Designers can view, 
pan, zoom, plot, and convert images 
into intelligent CAD data using exist­
ing CAD software commands and 
equipment, including plotters. 
The menu-driven program requires 
512 KB of memory and sells for 
$79.95. 
Circle Reader Action Number 764. 

The Model 3800-6 computer tape 
cleaner from Computer-Link Corp., 
Wilmington, MA, removes debris 
and loose oxide particles responsible 
for data error. After cleaning, the 
tape is evaluated for data handling 
capability. Operating with tape den­
sities from 800 to 6250 bits per inch, 
the unit tests for such conditions as 
tape edge errors, multiple track er­
rors, physical damage, and signal 
density errors. The user programs 
the test criteria and acceptable 
threshold for errors. 
Circle Reader Action Number 762. 
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New on the Market 

Miniature quick-connect couplers 
from Medo USA Inc., Wood Dale, 
IL, feature an automatic shut-off 
valve in the socket to eliminate 
leakage when the units are discon­
nected. Designed for air, gas, water, 
and chemical applications, the 
chrome-plated brass couplers are 
compatible with 3/32" or 1/8" soft 
tubes used in medical, pneumatic 
control, robotic, and scientific equip­
ment, as well as machine tools. 
Circle Reader Action Number 780. 

Quad Design Technology Inc., 
Camarillo, CA, has introduced the 
Crosstalk Tool Kit (XTK), a software 
package that predicts the effects of 
signal coupling, or "crosstalk," on 
system performance early in the 
development of complex integrated 
circuits and printed circuit boards. 
XTK calculates the degree of cou­
pling expected to OCCU{ between 
signals in high-<lensity circuits, and it 
si m u lates the effects of th is i n­
terference on signal waveforms in a 

RADEL ®X thermoplastic/carbon 
fiber prepregs exhibit high damage 
tolerance, in-service capabilities 
of 325°F/wet, and quick and easy 
processing, according to the manu­
facturer - Amoco Performance Pro­
ducts Inc., Ridgefield, CT. The 
solvent-free systems offer unlim­
ited shelf life with no change in 
mechanical properties. They can be 
processed by rapid fabrication 
methods such as filament winding 
and pultrusion, and come in a varie­
ty of forms, from 12-inch-wide 
unidirectional tape to commingled 
fabrics up to 60 inches wide. 
Circle Reader Action Number 768. 

The CGplotTM software package 
from Cerritos Computer Services 
Inc., Long Beach, CA, turns dot 
matrix and laser printers into color 
pen plotters by converting Hewlett­
Packard Graphics Language (HP-GL) 
instructions into a format that can be 
used by most popular printers. The 
PC-based software is delivered with 
a graphics data spooler that allows 
the computer to be used for other 
purposes while simultaneously print­
ing graphics. Priced at $395, CGplot 
requires 256 KB of memory and MS­
DOS 3.0 or higher versions. 
Circle Reader Action Number 758. 

circuit or a complete system. System 1.====::;:;-------1 
developers can use this information 
to reduce signal noise and improve 
their designs. The software works 
with all logic families commonly 
used to build digital circuits, such 
as TTL, CMOS, and ECL. 
Circle Reader Action Number 794. 

HTBasic, a new software product 
from TransEra Corp., Provo, UT, pro­
vides a simple method for develop­
ing and running HP BASIC programs 
on a PC. The software emulates the 
H P 9000 series 200/300 workstation 
BASIC. It supplies the entire lan­
guage environment, including the 
unified path I/O system, graphic 
commands, full-screen edit mode, 
and interactive debugging com­
mands. Also included are utility pro­
grams that transfer data files and 
ASCII programs between HP LlF for­
mat diskettes and MS-DOS disks. 
Circle Reader Action Number 800. 

The OM220 portable datalogger 
from OMEGA Engineering Inc., 
Stamford, CT, w ill measure virtually 
any parameter and store it to internal 
memory, then download the data to 
a PC. Voltage, pressure, humidity, 
temperature, frequency, 4-20 mA 
loop, and pulse are all within its 
monitoring capabilities. Full OM220 
control is directly implemented for 
RS232, RS48S, and a modem. 
Circ.le Reader Action Number 798. 

Imagraph Corporation 's new high­
definition frame grabber/display 
system captu res from both analog 
and digital sources and displays 
them in real time at sampling rates 
up to 40 MHz - far higher than 
other PC-AT based frame grabbers, 
according to the manufacturer. The 
HI·DEF™ system features a fully 
programmable capture system, with 
input black and white references, 
look-up tables for camera correc­
tion, capture resolution, sampling 
rate, and display resolution all in­
dependently software-selectable. 
Circle Reader Action Number 790. 

NASA Tech Briefs, September 1989 

Tight! 
Tired of troublesome and 'dalngerclus 
fuel, oil or oxygen line leaks? 

Is cross threading of tube fittings a 
nuisance? 

Simple to apply ... just brush 
FORMULA-8 on your pipe threads for 
tighter joints. Easy makes and breaks. 

Doesn't relax and leak like Teflon tape 
after months in the field_ 

Non toxic, oxygen safe, odorless, 
USDA approved. 

Proven for over a decade in 
cryogenics, N2, 02, oil filled 
transformers, hydraulic f ittings, fuel 
line fittings, hospital breathing gas 
lines, welding gas lines . .. superior in 
all non-aqueous systems. 

Great for boats, autos and trucks! 

Buy direct and save! We ship w ith in 
24 hours! 

Want to know more? 

Call or write! 

Fluoramics, Inc. 
103 Pleasant Avenue 
Upper Saddle River, N.J. 07458 

TOLL FREE: 1-800-922-0075 
IN N.J.: (201) 825-8110 

TEFLON Reg TM of DuPont 
FORMULA-8 Reg TM of Fluoramics 

Circle Reader Action No. 354 

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 for a wide variety 
of applications for: 

• Conductlrlty 
• Corrosion/Oxidation 

Protection 
• Dielectric 
• Thermal Barriers 
• Wear Protection 

Processes tnclude: 

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

Grinding 

Industries served Include: 

• Aerospace • Industrial 
• Automotive • Marine 
• Computer • Petrochemical 
• Electronic ... and others 

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

~PLAA;;~e~;~;~;~~~;n/~~;~;;~ATEO 
@.-l!f j 1754 Crenshaw Blvd 70 Rye Street, PO Box 857 

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. 463 127 



lltlephone (203) 265-3929 
Telex 643802 • Fax (203) 265-2690 
West Coast Office (213) 316-0275 
European Office 089123 03 52 98 

Circle Re.der Action No. 4n 

ANVIL CASES ... BUILT FOR 

AIR, lAND & SEA 
·II.A.C.C. CaII- mili1ary application 
cases and containers meet or exceed 
1he Slringent testing 01 
MIL·STD-Bl0 

• A.TA Call meet or 
exceed the fIIlr Transport 
Association specification 
300 category 1 

• Cullom -.ring InCI designing IVIiIIbIe • Bulfding queIIty c:.-1Ince 11152 

CIII Today For More InIonnItIon 

4128 Temple 0Iy Bhd . • Rosemead. CA 91771)0 (8110) a3-G71. CA: (8110) 242-4411 or 1I11117Nt14 
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New on the Market 

Data Retrieval Corp., Milwaukee, 
WI , has introduced Text800K 
Online Manuals, a new application 
for IBM and DEC systems that uses a 
free-form database to manase Iarwe 
amounts of reference data and im­
ases online. TextBOOK allows users 
to store, update, search, and retrieve 
information normally kept in paper 
or book form. It provides immediate 
access to updated text, thus avoidif")g 
data entry problems that accompany 
batch updates. Users can search and 
retrieve information by any word or 
phrase; a word index is generated 
automatically by the software. 
Circle Reader Action Number 756. 

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

The VGA Extender allows the 
monitor and keyboard of a VGA­
equipped PCJXT/AT or PS/2 to be 
placed up to 500 feet away from the 
system unit. Marketed by Com­
munications Specialties Inc., Haup­
pauge, NY, the product consists of a 
transmitter and a remote receiver 
connected by a composite cable that 
combines the VGA and keyboard 
signals. Applications include security 

f-----========-i systems, desktop video systems, 
remote test and measurement 
devices, and office administrative pro­
cessing systems. 
Circle Reader Action Number 752. 

The MDP-6E, an image processing 
system that integrates imaging, 
graphics, text, vector/array process­
ing, and a high-resolution display, is 
offered by Computer Design and Ap-

Photometries Ltd ., Tucson, AZ, has plications, a subsidiary of Analogic 
introduced the Series 300 CCO Corp., Peabody, MA. The MDP-6E 
camera system with 12-bit dynamic provides a SUN-compatible 1152 x 
range. The camera features a 576 x 9(X) color frame buffer that enables 
384 scientific-grade CCD imager and the display of multiple images with 
includes an intelligent controller with separate Z mapping and XN zooming 
integrated frame store. Its detectivi- at over 10 million pixels/sec. The im­
ty is equal to an ASA rating in excess aging subsystem is configured on 
of 100,000, according to the three standard 6U size VME boards 
manufacturer, and read noise is on- and is fully compatible with the 
Iy 25 electrons per pixel. The system SUN-3/E. 
can serve as an independent data ac- Circle Reader Action Number 750. 
quisition unit or can be connected to f----------:-::-----j 
a host computer via an IEEE-488 
interface. 
Circle Reader Action Number 746. 

A new line of motorized positioning 
equipment for laboratory and in­
dustrial applications has been in­
troduced by Ealing Electro-Optics 
Inc., Holliston, MA. More than 50 
standard stages are available with 
travel ranges of 25 mm to 1000 mm, 
positioning resolutions to 0 .10, and 
speeds up to 250 mm/sec. In addi­
tion, Ealing is offering a micropro­
cessor-based programmable con­
troller that supports the combined 
operation of up to eight axes of step­
per and DC servo motors. The con­
troller features full front panel con­
trols, 128 KB of memory, and both 
RS232 and IEEE-488 communication. 
Circle Reader Action Number 754. 

A new data acquisition, control, and 
analysis software package for 
materials testing has been introduced 
by Instron Corp., Canton, MA. The 
Series IX (Version 4.0) works with 
most MS-DOS compatible computers 
and supports a wide range of tension, 
compression, flexural, stress relaxa­
tion, peel, tear, and friction calcula­
tion and testing methods. The new 
version features an expandable 
database called LabVantage that 
enables materials testers to create 
SPC/SQC control charts, handle data 
from several instruments, and con­
solidate results. 
Circle Reader Action Number 788. 
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A 
ACCELEROMETERS 
Tunnel-effect 
displacement sensor 
page 59 NPO·17362 
ACOUSTIC 
MEASUREMENT 
Optical measurement of 
sound pressure 
page 50 NPO·17565 

AIRFOILS 
Calculating transonic 
flows about airfoils 
page 76 LAR·13899 
ALGORITHMS 
Network-control 
algorithm 
page 116 NPO·17505 
Variable-metric algo· 
rlthm for constrained 
optimization 
page 78 MSC·21275 
ALLOCATIONS 
Dynamic transfers of 
tasks among computers 
page 114 NPO·17197 
ALUMINUM 
Healing voids In 
Interconnections In 
Integrated circuits 
page 108 NPO·17678 
ALUMINUM ALLOYS 
Varlable-polarlty plasma 
arc welding of alloy 2219 
page 113 M FS·27223 

ANALYSIS 
MATHEMATICS 
Hypercube-computer 
analysis of electro­
magnetic scattering 
page 49 NPO·17551 

ANTENNAS 
Paraboloidal antenna 
radiates fan or pencil 
beams 
page 24 NPO·17543 
ANTI FRICTION 
BEARINGS 
Roller bearings survive 
loss of oil supply 
page 94 LEW·14749 

ARC WELDING 
Arc·llght reflector for 
television weld 
monitoring 
page110 MFS·29134 
Intelligent welding 
controller 
page 102 MFS·27195 
lightweight, hlgh-current 
welding gun 
page 112 MFS·29454 

ARCHITECTURE 
COMPUTERS 
Dynamic transfers of 
tasks among computers 
page 114 NPO·17197 

ATTITUDE CONTROL 
Predictive attitude 
maintenance for a space 
station 
page 93 MSC·21216 

B 
BIPOLAR TRANSISTORS 
Radiation damage In 
advanced bipolar 
transistors 
page 32 NPO-17570 
BLADE·VORTEX 
INTERACTION 
Interaction of a 
helicopter blade with a 
vortex 
page 93 ARC·12196 
BONDING 
Bonding gauges to 
carbon/carbon 
composites 
page 102 MFS·28315 
BUCKLING 
Dynamic delamination 
buckling In composite 
laminates 
page 82 LEW·14745 

c 
CAPILLARY TUBES 
Capillary·pumped heat· 
transfer loop 
page 84 MFS·27196 

CARBON-CARBON 
COMPOSITES 
Bonding gauges to 
carbon/carbon 
composites 
page 102 MFS·28315 

CHAMBERS 
Glove box for hazardous 
liquids 
page 106 MFS·28392 
CHARGE COUPLED 
DEVICES 
Single electrode would 
control charge-coupled 
device 
page 30 NPO·17313 
CHIPS ELECTRONICS 
Test structures for 
bumpy Integrated 
circuits 
page 20 N PO-17393 

CINEMATOGRAPHY 
Synchronizing 
photography for high· 
speed-englne research 
page 42 LEW·14713 

CLOSED CYCLES 
Two·plpe heat·transfer 
loop 
page 94 NPO·17404 
COASTAL ZONE COLOR 
SCANNER 
Measuring 
phy1oplankton from 
satellites 
page 124 NPO·17608 
COBALT COMPOUNDS 
Making submlcron CoSI2 
structures on SI 
substrates 
page 105 NPO·17736 
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CODING 
Digital 8-DPSK modem 
for treilis-coded 
communication 
page 47 NPO-17578 
Vector 
adaptive/predictive 
encoding of speech 
page 40 NPO·1723O 

COMMINUTION 
Grinding SI3N" powder 
In SI3N,4. equipment 
page 113 LEW·14821 
COMMUNICATION 
NETWORKS 
Network-control 
algorithm 
page 116 NPO-17505 
COMPOSITE MATERIALS 
Dynamic delamination 
buckling In composite 
laminates 
page 82 LEW·14745 
The ACEE program and 
basic research on 
composites 
page 74 LAR·14028 

COMPOSITE 
STRUCTURES 
Making large composite 
vessels without 
autoclaves 
page 103 MF8-28390 

COMPRESSIBLE FLOW 
Calculating transonic 
flows about airfoils 
page 76 LAR·13899 

COMPUTER NETWORKS 
Hyperswltch network for 
hypercube computer 
page 44 NPO·16905 

COMPUTERIZED 
SIMULATION 
Improving a remote 
manipulator 
page 97 MFS·27067 

CONSTRAINTS 
Variable-metric algo­
rithm for constrained 
optimization 
page 78 MSC·21275 

CONTROLLERS 
Intelligent welding 
controller 
page 102 MFS·27195 
Simple multiplexing 
hand·held control unit 
page 28 NPO·17308 

COOLING FINS 
Honeycomb-fin heat sink 
page 28 NPO·17196 

COUPLINGS 
Robotic tool for 
tightening and cutting 
page 98 MSC·21538 

CREEP PROPERTIES 
Plecewlse·llnear 
computation of creep 
page 80 ARC·12142 

CRYOGENICS 
expansion valve with 
temperature·sensltlve 
flow regulation 
page 86 KSC·11372 

CRYOSTATS 
Un pressurized container 
for cryogenic testing 
page 62 MF8-28347 
CRYSTAL GROWTH 
Compact apparatus 
grows protein crystals 
page 100 MFS·26088 
Surrogate seeds for 
growth of crystals 
page 73 NPO·17339 

NOW! 
All Dynamic 
Measurements 

from this 
ONE Box 
A complete, gyro·stabilized dynamic 
test system in one environmentally­
sealed box that can be bolted to any 
vehicle frame or installed in almost any 
remote location. It gives you the most 
comprehensive dynamic measure­
ments possible on all types of land, 
water, or airborne vehicles. 

It provides acceleration and direction 
measurements referenced to vertical 
and horizontal planes. Has outputs for 
3-axis position, 3-axis acceleration, and 
3-axis angular rate measurements. 
Gyros are electronically caged and 
uncaged. 12V DC or 28V DC systems 
available. 

Write for full details and costs: 
Humphrey, Inc. 
9212 Balboa Ave. , Dept. NTB 989 
San Diego, CA 92123 U.S.A. 
Telephone: (619) 565-6631 
TWX: (910) 335-2001 
FAX: (619) 565-6873 

FREE BROCHURE 

Circle Reader Action No. 626 

In ... 

129 



Wescone/@;~ 

Debuts Microwave/RF Center 
Nov. 14 - 16, 1989 -San Francisco, Calif. 

Brooks Hall/Civic Auditorium, Moscone Convention Center 

Wescon Proudly Announces a new 
exhibit area dedicated expressly to your 
Microwave/ RF product needs. Over 40 
manufacturers, grouped together for ease 
of discovery, will offer hundreds of prod­
ucts designed to meet your requirements 
for reliability and excellence; performance, 
price and selection You'll find the right 
device for the right application at Wescon. 

You 'll also benefit from three technical 
sessions in the Profes ional Advancement 
Program devoted exclusively to Microwave/ 
RF issues: CAD for Microwave Circuits, 
Active Microwave Devices, and Commercial 
Applications of GaAs ICs and Silicon MMICs. 

Microwave/ RF products concentrated 
for easy access at largest expo and 
conference for design engineers in u.s. 

Don't miss your chance to see products from all these companies 
in onc pbce, at one timc, at \VESCON. 

- Ad \,lI1Cl'd Terhl1ologl' 
- .'\n1l'ril,1I1 Tl'rhnir,11 

C'l'r,ll11 ic~ 
- ,\ I11plll'l1tll ('orp, 
- ,\I1,lrl'l1 \linl\\\',lll' 
- ,\ppli,'d Lngil1l'l'ring 

I'roduds 
-Cl'r,llllll l'roll";" SI'~Il'I11, 

Cprp, 
-l)il'ltodrir L1bs 
-1)\'n ,ltl'rh \!in,,\\ ',11 l' 

rl'lhnol(lgl' 

-LF, il,hlbllll 
- FIl'ctrol1 ic Derisiol1s, I ne. 
- Lnr,1I1 Tl'chlHllogl 
- Filtronl'tic Clll11plllll'nb 

ltd, 
- Fl,1I1n \1 irn\\\',ll'l' 
- FIl'xr,,\lirr(l\\',l\'l', Inc. 
-Cl'nnum Corp, 
-111tl'ch 
-111ll'rnlll til1l'n!,]1 

\1 in",,' ,1 I'l' 
- )" ... 11'11 I)l'iense S\'sll'ms 

- KDI I Tri<1I1gle 
- K & L Oscill,lkk 
-\I /A-COM , lnc. 
- !\krtwnic l3u\'l'rs Cuidl' 
- VIl'nlo Industril's 
- \!icw\\'a l 'l' Print 
- \1irww,1I'l' & RF 

\I.lgo1/ine 
- rVlolex, Inc. 
- '\(lrtlwrn Srientific L1b 
- On'.l n M ino\\' ,1I'l' 

-I'oll'er Spl'rtr,l Illc. 

- Premier Microw,ll'e 
Corp, 

- Picosecond Labs 
- Steinbrecher Corp, 
- Tekelec 
- Tektronix 
- Thomsol1-CSF 
- Time Microwavl' 
- Trilnsistllr Del'ices 
- T,T,E" Inc. 
- Yectrol1 Labor,ltories, 

Inc. 
- Yoltronics Corp, 

WESCON /~N - your best source for the latest in Microwave / RF technology and design. 

Sponsored by San Francisco Bay Area Council and Los Angeles Council, IEEE ~ Northern and outhern California Chapters, ERA E!r~ 

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

rX'"\ Wescon./&l~ \..-\I.J Microwave/ RF 

PLAN NOW TO ATTEND! For a copy of the 
Wescon/89 Preview Program call 213/772-2965, 
Or mail this coupon to: Wescon Special Activities, 
P,O. Box 92275, World Postal Ctr" Los Angeles, 
CA 90009-2275, DO IT NOW! 

o Register me for Wescon Exhibits and 
Technical e ions 

arne 

Company ________________________ __ 

Title, ___________________________ _ 

Dept. or M/S ______________________ _ 

Phone __________________________ ___ 

Address, _________________________ __ 

Ci~------------------------------

State ____________________________ _ 

Zip~-------------------------------

L _____ ~ ___________________________ ~ 
Circle Re.der Action No. 630 



CRYSTALLINITY 
ESR measurement of 
crystallinity In 
semi crystalline polymers 
page 50 NPO-17369 

CRYSTALLIZATION 
Using Inorganic crystals 
to grow protein crystals 
page 123 NPO-17314 
CUTTING 
Robotic tool for 
tightening and cutting 
page 98 MSC-21538 

D 
DATA ACQUISITION 
Adaptive telemetry 
multiplexer 
page 38 MSC-21170 
DEFLECTORS 
Spray deflector for 
water-jet machining 
page 99 LEW-14863 
DEGRADATION 
Accelerated testing of 
photothermal 
degradstlon of polymers 
page 72 NPO-17454 
DEHYDRATION 
Zero-gravlty fuel-<:ell 
product-water 
sccumulator 
page 95 MSC-21351 
DIGITAL DATA 
Digital signal processor 
for GPS receivers 
psge 38 NPO-18997 

Dean 

DIGITAL TECHNIQUES 
Vector 
adaptive/predictive 
encoding of speech 
page 40 NPO-17230 
DIRECTIONAL 
ANTENNAS 
Paraboloidal antenna 
radiates fan or pencil 
beams 
page 24 NPO-17503 

DISPLACEMENT 
MEASUREMENT 
Tunnel-effect 
displacement sensor 
page 59 NPO-17362 
DISTRIBUTED 
PROCESSING 
Dynamic transfers of 
tasks among computers 
page 114 N PO-17197 

DROPS (LIQUIDS) 
Convergent-filament 
nonmechanlco1l pump 
page 64 NPO-17301 
Simulator of rain In 
flowing air 

ELECTRIC WELDING 
Ughtwelght, hlgh-<:urrent 
welding gun 
page 112 M FS-29454 

ELECTRODES 
Single electrode would 
control charge-<:oupled 
device 
page 30 NPO-17313 
ELECTROMAGNETIC 
SCATIERING 
Hypercube-<:omputer 
analysis of electro­
magnetic scattering 
page 49 NPO-17551 

ELECTRON BEAMS 
Separating Isotopes with 
laser and electron 
beams 
page 58 NPO-16907 

ELECTRON 
PARAMAGNETIC 
RESONANCE 
ESR measurement of 
crystallinity In 
semicrystaliine polymers 
psge 50 NPO-17369 

EYE PROTECTION 
Eye-safe IIdar 
page 60 NPO-17464 

F 
FEEDBACK CONTROL 
Applying thermal 
gradients to control 
vibrations 
page 90 NPO-17067 

FIBER COMPOSITES 
Making large composite 
vessels without 
autoclaves 
page 103 MFS-28390 

FUEL CELLS 
Zero-gravlty fuel-<:ell 
product-water 
accumulator 
page 95 MSC-21351 

page 96 NPO-17237 ELECTRON TUNNELING 
Tunnel-effect 
displacement sensor 

G 
GAS STREAMS 
Probe samples and 
cools hot gas 

DYNAMIC STABILITY 
Hydrodynamic stability 
and frames of reference 
page 71 NPO-I7740 

E 
ELASTIC PROPERTIES 
Temperature 
dependence of elastic 
constants of polymers 
page 71 NPO-I7762 

page 59 N PO-17362 
ELECTRONIC CIRCUITS 
Test structures for 
bumpy Integrated 
circuits 
page 20 NPO-17393 

END EFFECTORS 
Robotic tool for 
tightening and cutting 
page 98 MSC-21538 

EXCITATION 
Making excited oxygen 
molecules and atoms 
page 61 NPO-17534 

For Cryopumping in 

page 56 LEW-I4856 
GAS TUNGSTEN ARC 
WELDING 
Intelligent welding 
controller 
page 102 MFS-27195 

GLASS 
Temperature 
dependence of elastic 
constants of polymers 
page 71 N PO-I7762 

Space Simulators, Wind Tunnels 
and Superconductivity Studies 
• Heat Transfer using L-He, L-N2' or L-Air as media 
• Blackened inside (lOW emissivity, high 

absorptivity) accepts radiation from test object 
• Electropolished outside (high emissivity, 

low absorptivity) reflects radiation to reduce 
cryo-liquid usage 

• Dean, supplier of Cryopanel for more than 30 years 
Made of Type 304L or 316L stainless steel, then small research facilities, universities and industrial 
blackened on the inside and electropolished on the companies to test/qualify optical, electronic and me-
outside to simulate space when placed into your chanical products for use in space. Dean Cryopanel 
vacuum chamber, Cryopanel Shrouds have been in- also provides the heat absorption needed in wind tun-
stalled in solar simulator space chambers such as the nel studies and sub-zero cooling of superconductive 
very large ARO facility and many other test facilities materials. Windows and penetrations for instrumenta-
including NASA, JPL, TRW and General Dynamics, tion and sight glasses are readily included. 

Write for complete details or send (fax) a sketch of your shroud needs to: 

(1:) Dean Products, Inc., 1989. 
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Dean Products, Inc. 
985 Dean St., Brooklyn, New York 11238-3395 
Phone: (718) 789-4444. Fax: (718) 789-5401. 
Telex: 126669 Cable: DEANPANCOL 
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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 m ainframe 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 n, or workstation in RS-232 or 
networked compu ter 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-r isk 30-day evaluation copy. 

Current TGRAF llsers call us for 
infonnatiorl 011 how to upgrade to ollr 
latest product - TGRAF-4200 

C; GRAFPOlnT 
1485 Saratoga Avenue 
San Jose, CA 95U9 
1-800-426-2230 
In Californ ia 408-446-1919 

Gralpolm and TGRAF are ~ademarks of Grafpoim. 
PC and PS/2 are nademarks of ImemationaJ Business Ma· 
cI1ines CorporatlOl1. T ek!ronlx is a trademark of Tektronix, 
Inc. Macintosh is a trademark of Apple Computer, Inc. 
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GLOBAL POSITIONING 
SYSTEM 
Digital signal procesllOr 
for GPS receivers 
page 36 NPO·16997 

GRINDING 
(COMMINUTION) 
Grinding SI3N" powder 
In SI3N4.. equipment 
page 113 LEW·1 4821 

H 
HEAT PIPES 
Convergent·fllament 
non mechanical pump 
page 64 NPO·17301 
Two-plpe heat·transfer 
loop 
page 94 NPO-17404 

HEAT SINK 
Honeycomb-fin heat sink 
page 28 NPO-17198 
HEAT TRANSFER 
Capillary·pumped heat· 
t ransfer loop 
page 84 MFS·27196 
HIGH TEMPERATURE 
GASES 
Probe samples and 
cools hot gas 
page 56 LEW·14856 
HIGH TEMPERATURE 
SUPERCONDUCTORS 
Screen-prlnted 
Y~Cu3<>r_ x films on 
alumina 
page 1a. LEW·14829 
HOLOGRAPHIC 
INTERFEROMETRY 
Synchronizing 
photography for high· 
speed-englne research 
page 42 LEW·14713 
HONEYCOMB 
STRUCTURES 
Honeycomb-fin heat sink 
page 28 NPO·17198 
HYDRAULIC JETS 
Spray deflector for 
water-jet machining 
page 99 LEW·14863 
HYDRODYNAMICS 
Hydrodynamic stability 
and frames of reference 
page 71 NPO·1n40 
HYDROGEN OXYGEN 
FUEL CELLS 
Zerollravlty fuel-cell 
product·water 
accumulator 
page 95 MSC-21351 
HYGROMETERS 
Polymeric electrolytic 
hygrometer for harsh 
environments 
page 66 NPO·17365 
HYPERCUBE 
MULTIPROCESSORS 
Hyperswltch network for 
hypercube computer 
page 44 NPO·16905 

I 
INTEGRATED CIRCUITS 
Healing voids In 
Interconnections In 
Integrated circuits 
page 108 NPO·17878 

Test structures for 
bumpy Integrated 
circuits 
page 20 NPO-17393 
INTERNAl COMBUmON 
ENGINES 
Synchronizing 
photography for high· 
speed-englne research 
page 42 LEW·14713 
ISOTOPE SEPARATION 
Separating Isotopes with 
laeer and electron 
beams 
page 58 NP0-16907 
ISOTOPES 
Separating IlIOtopes with 
laser and electron 
beams 
page58 . NPO·16907 

J 
JOINTS (JUNCTIONS) 
Making Internal molds of 
long, curved tubes 
page 111 MF8-29435 
Making jolntless dual· 
diameter tubes 
page 101 MF8-29004 

JOSEPHSON 
JUNCTIONS 
SQUID with Integral flux 
concentrator 
page 26 MF8-28282 

JOULE·THOMSON 
EFFECT 
expansion valve with 
temperature·sensltlve 
flow regulation 
page 66 KSC·11372 

L 
LAMINATES 
Dynamic delamination 
buckling In composite 
laminates 
page 82 LEW·14745 
LASER APPLICATION 
Separating IlIOtopes with 
laser and electron 
beams 
page 58 NPO·16907 
LASER OUTPUTS 
Speckle·suppresslon 
apparatus 
page 54 LAR·13n1 

LIQUID HELIUM 
Unpressurlzed container 
for cryogenic testing 
page 62 MFS-28347 
LOGIC DESIGN 
Hyperswltch network for 
hypercube computer 
page 44 NPO·16905 
LOW TEMPERATURE 
TESTS 
Unpressurlzed container 
for cryogenic testing 
page 62 MF8-28347 
LUBRICATION 
Roller bearings survive 
1088 of 011 supply 
page 94 LEW·14749 

M 
MACHINING 
Spray deflector for 
water·jet machining 
page 99 LEW·14863 
MANIPULATORS 
Improving a remote 
manipulator 
page 97 MF8-27067 

MEASURING 
INSTRUMENTS 
Bonding gauges to 
carbon/carbon 
composites 
page 102 MF8-28315 
Polymeric electrolytiC 
hygrometer for harsh 
environments 
page 66 NPO-17365 
Probe samples and 
cools hot gas 
page 56 LEW·14856 
MEISSNER EFFECT 
SQUID with Integral flux 
concentrator 
page 26 MFS-28282 
METEOROLOGICAl 
INSTRUMENTS 
Ey.aafe IIdar 
page 60 NPO-17464 
MICROELECTRONICS 
Making submlcron CoSI2 
structures on SI 
substrates 
page 105 NPO-17736 
MICROPARTICLES 
Making polymeric 
mlcrospheres 
page 98 NPO·17023 
MOISTURE METERS 
Polymeric electrolytic 
hygrometer for harsh 
environments 
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teed service , depend on IT!. 
All instruments made and serviced 
in the U.S.A. 
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MAR KETPLACE To Advertise- Call (212) 490-3999 

FREE CATALOG on 
Interface Boards 

A 164 page 
catalog lists 
the company's 
lines of analog 
and digital 110 
boards, com­
munications 
interfaces, 
counter/timers, 
memory and 
disk cards, 
motion-control 
interfaces, 

signal monitoring and control boards, 
accessories and software. 

CONTEC Microelectronics 
2010 N. First St., Suite 530 

San Jose, CA 95131 
TOLL FREE 1-800-888-8884 
Circle Reeder Action No. 426 

RACKMOUNT COMPUTERS 
286/386 computers configured with 
motherbpard 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 408/734-3443 

Circle Reeder Action No. 676 

HIGH SPEED PULSE GENERATORS. This free 
new 80 page catalog describes over 150 models of 
ultra high speed pulse generators, impulse gener­
ators, monocycle generators, samplers, delay 
generators and accessories such as transform­
ers, power splitters and scope probes covering 
the PRF range of Ot025O MHz, rise times from 40 
psec to 10 nsec, pulse widths from 130 psec to 
100 usec and amplitudes from 5 to 400 volts. 
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3.5/4,5 Digit & LCD 
Digital Panel Meters 
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FREE! 
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for 
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Free 130 page product catalog from Rolyn, 
world 's largest supplier of "Off-the-Shelf" optics. 
24-hour delivery of simple or compound lenses, 
filters, prisms, mirrors, beamsplitlers. reticles, 
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stock items. Rolyn also supplies custom prod­
ucts and coatings in prototype or production 
quantities. ROL YN OPTICS Co., 706 Arrowgrand 
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SC/FOXTM 
High Performance 

Embed ded System Contro llers 

SC!FOX S8C (Single Board Computer) 18 MIPS, 60 MIPS 
burst, stand-alone or embedded operation, Eurocard 
size. 1 serial, 1 printer port, 64K-512K bytes memory. 
From $1495. 
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EVERY SENSOR 

•--..... : ..... 

. -
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.. ' 
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• DigItal output in engineering units 
• Digital 110 lor solid state relays 
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• Simple ASCII commands 
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Our high-performance CAMAC systems meet your 
most demanding realtime industrial, scientific, 
aerospace, or defense needs. Based on a series of inter­
nationallEEE/ANSIlIEC standards, CAMAC inter­
faces to Digital, Gould, H-P, MODCOMP, Control Data, 
and most personal computers. 

Choose from over 150 CAMAC modules including 
16-bit AID and D/A converters, high-speed transient 
recorders, counters, digital 110, and both ARINC-429 
and MIL-STD-1553 interfaces. Transfer data at three 
megabytes/second over a fiber optic highway to 
distances of 10,000 feet between 110 locations. Use our 
new Tachion-rn' system to precisely sample long­
duration analog signals for digital storage to disk at 
a throughput of 9.6 megabytes/second. 

For nearly 20 years, KSC has supplied powerful 
CAMAC data acquisition systems for such customers 
as General Electric, Boeing, LTV Steel, McDonnell­
Douglas, AT&T, Bell Labs, Westinghouse, General 
Motors, and NASA. 

Call us now to discuss your application needs. 

D 
U ' Cooperalive 

• Markeling 
Program 

ineticSyste"ns 

11 Maryknoll Drive, Lockport, Illinois 60441 
(815) 838 0005 
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flying adventure ! 
This action· 
packed VHS 
videotape 
features real 
combat footage. 
$19.95 each plus 
$3.00 postage. 
NY residents 
add sales tax. 

Add ress ________ _ 
City _______ ~--
State Zip __ 
Total enclosed: _____ _ 
for ___ Jet videos. 

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

41 East 42nd St., 
New York, NY 10017 

---------- .... 
NASA Tech Briefs, September 1989 



AMCO'S PEOPLE 
TAKE THE HEAT SO 

YOUR COMPONENTS 
DON'T HAVE TO. 

~ ~ We're always 
•• testing the 
limits, especially 
in co~ling ._ 
reqUlrements. J J 
See us at the ASIS Show 9/1 1·9/13 
Nashville ,TN Booth " 's 3217·3219 

Ch uck Broad, R&D: 

"Our goal? Th anticipate 
tougher cooling demands 
than anyone is likely to throw 
at us. That's why we develop 
complete systems of fans, 
blowers, and special cooling 
devices to better meet these 
needs. We test every compo­
nent over and over, always 
pushing to extend reliability 
and performance:' 

There's no room here to tell 
you the whole AM CO cooling 
story, so call for your FREE 
Cooling Systems Catalog 850 . 
Call1-800/833-3156 . 
In Illinois, 1-312/6 7 1-6670.* 
' AsofNovember 11. 1989-New Area Code wUl be 708. 

If \\\\ I lij..j!-' 
® 

AMCO Engineering Co. 
3801 N. Rose Street 
Schiller Park, IL 60176-2190 

AMCO GETS THERE FIRST. 
Circle Reader Action No. 500 



"Lockheed was building the platforms, we were building the structure that 
would hold them. So everything we did had to work perfectly with what they 
did. Or this transportation rack we were putting together, for a mission 
payload wouldIit transport anything anywhere. 

Well, the rack worked out so well and looked so good I keep a picture 
of it in the shop here. It worked because we took dimension readings and 
retook them again to make sure everything was properly aligned. It's heavy 
steel construction, but we measured and cut and drilled like we were mating 
titanium parts on a fighter plane. 

You work like that when you know somebody is depending on you. 
If you think about it, somebody's always depending on you-whether it's a 
co-worker or a fellow contractor or a customer." 

- Ronnie Pruitt (far right), Payload Processing Mod Shop Senior Thchnicinn Inspector with (from left to right) Larry Young, Thchnicinn 
Inspector, Joe Adams, Thchnicinn Inspector, Doug Verdeck, Senior Thchnician Inspector, Rusty Claridge, Senior Thchnicinn Inspector, 
Phil Strada, Welder, Larry Kitlas, Thchnician Inspector. and not present for photo, Oren Verble, Machinis~ Willinm Powers, Machinist 

MCDONNELL DOUGLAS 
A company of leaders. 

Circle Reader Action No. 501 
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