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The study of
naturally occurring

POLYMERS

has led

to the synthesis

of many products.

by Dr. Julio Natta,

professor and director,
Industrial Chemistry Dept.,
Institute of Milan, and

1963 Nobel laureate in chemistry

ALTHOUGH macromolecular com-

pounds have been used widely
in the course of the ages as building
materials (for example, cellulose, nat-
ural rubber, etc.), and they constitute
the basis of all living organisms, both
animal and vegetable (starch, pro-
teins, etc.), macromolecular chemis-
try rose to the dignity of science only
about 30 years ago.

At that time, Herman Staudinger,
1953 Nobel laureate in chemistry, in
his fundamental research, laid the
foundations of the study and knowl-
edge of that science.

Since then, macromolecular science
has developed not only due to the bet-
ter knowledge of macromolecular nat-
ural products, but because several new
products have been synthesized that
exhibit different properties based on
the specific conformation of their

" molecules.

The new methods of stereospecific
polymerization recently have acquired
great importance. They allow the syn-
thetic production of macromolecular
substances identical with the natural
ones, such as cis-1,4 polyisoprene
(identical with natural rubber), and
of new types of stereoregular macro-
molecules,

New methods of polymerization also

allow us to obtain a trans-1,4 polymer

of isoprene, which exhibits an identi-

cal structure with that of gutta-percha

rubber.

... . Amorphous polymers, and, in par-
tlcular, the copolymers with ethylene,

xhibit - properties of - elastic rubbers
1d

d largely ‘as synthetlc rub-, .

THERMOGRAVIMETRIC analysis measures and records changes in weight
as a function of temperature of polymers at Martin Marietta Corp.

Stereospecific polymerization has
considerably increased the spectrum
of synthetic macromolecular chemis-
try, especially because new, as well as
previously known, monomers may be
used for the production of new poly-
mers having particular physical prop-
erties.

Some polymers of alpha-olefins and
butadiene, copolymers of ethylene and
propylene, polyesters, and polyamides
have spawned new applications in the
fields of plastics, textiles, and syn-
thetic rubbers.

The stereospecific polymerization of
diolefins also is of great interest. It
yields products that present different
properties, depending on the struc-
ture and configuration of the monomer
units.

Crystalline polymers

It is possible to obtain polymeriza-
tion products from the same starting

‘material that have different physical

properties, This, of course, depends on
their molecular weight and especially
on the structure of the macromolecules
constituting them.

A regular succession of single mon-
omer units generally is accompanied
by a crystallinity that produces poly-
mers with high melting temperatures,
good mechanical properties, and an
orientability of the molecules of the
stretched products, which generally
allows the production of valuable ¢rys-
talline textiles.

The isotactic polymer of propylene,
with macromolecules characterized by

.the presence of monomer units with
- .the same configuration, actually ex-

hibits a high crystallinity below melt-
ing temperature (about 170 to 180 C).
Valuable plastics, textiles, and films
obtained from polypropylene are pro-
duced commercially all over the world.

The isotactic polymers of a-olefins
can crystallize. The stereoregularity of
isotactic poly-a-olefins often is high.
Crystallinity decreases with increasing
steric irregularities. Generally 30%
of randomly distributed non-isomor- .
phous monomer units is enough to
obtain a completely amorphous poly-
mer.

If monomer units with the same con-
figuration are combined in chain seg-
ments, block polymers form; they still
exhibit some crystallinity, but their
x-ray diffraction spectra reveal the
presence of bands that are broader and
less intense than those characteristic
of highly isotactic and well-crystal-
lized polymers.

Also, syndiotactic polypropylene,
which was prepared in our institute, is
crystalline. However, having a lower
melting temperature than the isotactic
polymer, it is of less practical interest
than the latter.

Isotactic polymers may be obtained
only in the presence of heterogeneous
catalysts generally consisting of a tran-
sition metal halide (with a valence
lower than the maximum), insoluble
in the reaction medium, and of an
alkyl organometallic compound.

Both steric purity and homogeneity
of the polymers depend on the catalyst
constitution. Actually, a catalyst pre-
pared from pure and microcrystalline
violet TiCls .yields a polymer predom-
inantly consisting of - isotactic mole-




compounds—con51sts of a' heterogene-
“ous ‘mixture of titanium' chlorides with
a different degree of oxidation and of
crystallinity. The resulting compound
is less stereospecific from a catalytic
point of view. ¥

On the other hand, high yields of
syndiotactic polymer are obtained in
the presence of some homogeneous
catalysts. For example, the catalysts
obtained by reaction of a solution of
vanadium tetrachloride with aluminum
diethyl monochlorine exhibit a high
stereospecificity for the low tempera-
ture production of syndiotactic poly-
mers.

Major butadienes

Among the synthetic products ob-
tained by the polymerization of diole-
fins, I mention the four fundamental
polymers of butadiene. Among them,
the cis-1,4 polybutadiene is of prac-
tical interest, as it is a synthetic rub-
ber that will crystallize spontaneously
only below 2 C. At higher tempera-
tures, it can crystallize under stretch-
ing like natural rubber; it has an ex-
cellent tensile strength and elongation
at break. Trans-1,4 polybutadiene ex-
hibits high crystallinity also in the un-
stretched state and a high melting
temperature (about 145 C).

Polybutadiene-1,2 was obtained in
two stereoisomeric forms — isotactic
and syndiotactic respectively. Both are
crystalline. However, these polymers
are of little practical interest, unlike
1,4 polymers, due to the relatively low
flexibility of the chain.

From a scientific point of view the
synthesis of stereoregular, optically ac-
tive alkyl polysorbates is of consid-
erable interest. Because they are ob-
tained from monomers having no op-
tical activity, the corresponding macro-
molecules consist of monomer units
with the same configuration.

The above reveals the importance of
both chemical and steric regularities
on the physical and technological
properties of linear high polymers..

My earlier remarks about the syn-
thesis and properties of polypropylenes
with different steric structures obvi-
ously may be extended to all poly-
mers (hydrocarbon or not) of asym-
metric vinyl monomers.

Therefore, stereospecific polymer-
ization allows one to obtain valuable
products from monomers that other-
wise would have no practical interest.

In fact, by the old processes of
polymerization, they mostly yielded
low-molecular-weight polymers with
an irregular structure due to the ir-
regularity in the succession of mono-
mer units of different configuration. =

L tammg T1Cl;—but obtained by coId'f
- reduction of TiCla with’ organometalhc—

by Dr. Joshua Lederberg,

Asexual repmductwn ,of F humans
*'may be the next major advancement: _

m GENETICS But controversies

could hamper progress in this area.

professor of genetics, School of Medicine,
Stanford University, and 1958 Nobel laureate

in physiology and medicine

ECENT DIsSCUssIONS of controlled
human evolution focus on two
techniques — selective breeding (eu-
genics) and genetic alchemy (algeny).
Algeny presupposes a number of
scientific advances that have yet to
be perfected, and their immediate ap-
plication to human biology is, prob-
ably unrealistically, discounted as
purely speculative.

Paradoxically, the issue of “subhu-
man” hybrids may arise first, just be-
cause of the touchiness of experimen-
tation on obviously human material.
Tissue and organ cultures and trans-
plants already are in wide experimen-
tal or therapeutic use, but there
would be widespread inhibitions about
risky experiments leading to an ob-
ject that could be labelled as a human
or parahuman infant.

There is enormous scientific inter-
est in organisms augmented by frag-
ments of the human chromosome set,
especially as we know so little of man’s
biological and genetic homology with
other primates. This is being and will
be pushed in steps as far as biology
will allow, to larger and larger pro-
portions of human genome in intact
animals, and to organ combinations
and chimeras with varying propor-
tions of human, subhuman, and hy-
brid tissue.

Note that there have been efforts
to transplant primate organs to man.

The hybridization is likely to be so-
matic, and the elaboration of these
steps will make full use of nuclear
transplantation to test how well and
to what extent these assorted geno-
types will support the full develop-
ment of a zygote.

The sharpest challenges to our pre-
tensions about human nature already
are in view, yet they may be over-
looked as a result of too farsighted
focusing on possibilities such as the
“chemical control of genotype.”

Man is, indeed, on the brink of a
major evolutionary perturbation—veg-
etative propagation.

Experimentally, we know of suc-
cessful nuclear transplantation from
various adult tissue cells into am-
phibian eggs whose own nuclei have
been removed. There is nothing to sug-
gest any particular difficulty about ac-
complishing this in mammals or man,
although it rightly will be admired as
a technical rour-de-force when it is
first implemented.

A biological accident?

I am more puzzled by the rigor with
which asexual reproduction has been
excluded from the vertebrate as com-
pared to the plant world, where its
advantages are widely exploited.
Many plants spread almost entirely by
asexual growth and reproduction.

A colony of organisms derived from

LASER beams are used by Perkin-Elmer scientists to find blood cells
in the process of dividing (mitosis). Cut 1 is @ normal blood cell
image; cut

2 is a mitotic cell image showing the chromosomes.
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NALGENE
LABWARE

G»T p &

A NEW PLASTIC FROM IClI

Clear as you’d ever want it. . . tough
as you’ll ever need it.

This shatterproof labware made
from TPX* is as clear as glass. Auto-
clave it for hundreds of cycles—use it
at constant temperatures to 360°F up
to 100 hours—and expect the strength
and rigidity of polypropylene.

Available in a full line of beakers
and graduates. Order from your Nal-
gene Labware dealer. Or write Dept.
8113, Nalgene Labware Division,
Rochester, N. Y. 14602.

*TPX is a trademark of Imperial Chemical Industries Limited
for their brand of methylpentene polymer.

NALGE

RITTER PFAUDLER CORPORATION
See inquiry card 4.
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htérhationa

Your

first source
for custom
engineered
lamp systems:
PEK

PEK —and only PEK —offers fully integrated lamp-driv-
ing systems custom engineered to your application . ..
whether it be precision laser puising, muitiple flash lamp
triggering or pulsed or continuous arc lamp operation.

PEK’s engineers draw on their extensive knowledge
of lamp construction and operation to achieve the ideal
matching of power supplies, trigger units, pulse generators
and other components within a compact, integrated system
that is tailored to your specific requirements. The result
is a level of efficiency and reliability that cannot even be
approached by modification of general purpose equipment
or piecing together of off-the-shelf components.

A PEK custom lamp system will get you the best lamp
performance possible. And, it will cost you less to acquire,
less to set up, less to operate.

Tell us what your requirements are. PEK —and only
PEK —is your source for electronic lamp systems custom
engineered to meet your individual needs.

PEK

PEK, INC.

825 E. Evelyn Ave.. Sunnyvale, California

Phone (408) 245-4111 TWX 910-339-9214
See inguiry card 5.

INDUSTRIAL RESEARCH—JAN 1968 s



TFILL IN YOUR APPLICATION: |

Whatever it is, Olympus has a microscope to fit it. And your My applications for inverted metallographs inctude:
‘budget. With quality you can see even before you look through the
precision optics.

Cases in point, the four new inverted metallographs illustrated
here. Send for information on the model(s) that suit your needs. Or
fill in your applications, and we’ll send you information on the
Olympus model we think suits them.

l Please send information on: { ) MGK; ( j MG; () PMD;
Olympus metailographs: MGK MG PMD PME gior)mp E; } The mode! you think best fits my appllca-
Price (less optional camera body) From From From From
I $550 $850 $1700 $2100 Name l
Total magnification range available: 13-1000X 13-1000X 13-1250X 13-1250X X
l Camera facilities: Title I
35mm - optional optional optional L
Polaroid 3%” x 4¥4” pack - optional optional optional Organization :
l Potaroid 4” x 5” sheet - - optional optionatl I
Exposure meter type - optional semi-auto automatic Address
. | Hiluminators: . . i
I Bright-field axial standard | standard | standard | standard | S State Zip l ]
Built-in variable transformer unmetered | unmetered | metered metered - 3
Transmitted light optiona! optional optional optional ' qeﬂ‘s'f”"w‘, i
. Oblique light optional optional optional optional §’ c; l E
Dark-field : optional optional optional optional OLYMPUS CORPORATION 3 g 5
. ﬁgn:n - - optional optional OF AMERICA O%CE‘W"' l
-pressure mercur’ - - i i .. . M
_ ngr:?terﬁpzsrsat;?e v:cuu:ln stage _ - EZI;Z::: ZE;Z::: Precision Instrument Div., Dept. |
1190 Brooks Ave., Rochester, N.Y. 14624 i
Prices and specifications subject to change without notice - ‘
BN NN NN N N NN BN B NN N N BN BN A |

i NI

See inquiry card 6.
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our needs
inaj
recording

SyECIrD-
plometer?

CHECK THE BENEFITS YOU GET WITH
A CARY MODEL 14

DEPENDABILITY

The first CARY 14 was purchased 13 years
ago. It's still performing. So is every other
one made since then.

SIMPLICITY

Easy to operate. Switch at will to eight dif-
ferent scan speeds. Read wavelength and
absorbance data more easily throughdirect
linear recording. There's no need to change
paper to study a wide variety of spectra.

VERSATILITY

Accessories make the CARY 14 adaptable
for a wide variety of studies. Accessories
include dewars, fluorescence, reflectance,
and both sample handling and digitizing
devices. '

ECONOMY

Low-cost operation and maintenance. De-
preciate the CARY 14 in five years —appre-
ciate it for many more.

ACCURACY

Outstanding for a recording spectropho-
tometer. 0.002 absorbance near zero and
0.0005 with expanded scale. Wavelength:
better than 4A. Resolution: 1A in Visible
and UV; 3A in Near-Infrared.

REPRODUCIBILITY

Excellent for repeatable, linear wavelength
and photometric readings. Records data
with minimum of correcting or reprocessing.

QUALITY

Sound engineering practices demand care
in the design and selection of components.
Tough tests and extensive calibration also
provide more reasons why CARY makes
the world’s finest research instruments.

Need additional information? Then send
today for the CARY 14 brochure S604-18

Cary.

instruments . a varian subsidiary
2724 South Peck Road, Monrovia, Catif. 91016
UvV/VIS/IR/Raman Recording Spectrophotometers
Manual Spectrophotometers » Spectropolarimeters
Vibrating Reed Electrometers & Amplifiers
See inquiry card 8.
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Engis announces:

the NEW mark Ia STEREOSCANF

(SCANNING ELECTRON MICROSCOPE)

Now provides largest field of view...
greater magnification range...greater depth of focus

Important Advantages Include:

« Resolution 150-300 A at 20 KV

» Useful magnification range 14X to 50,000X

e At 20X, it offers sample scan area of 5mm x Bmm at a working distance of 1.1cm
e Interchangeable final apertures—increases depth of focus by a factor of 4

Write to Engis Equipment Company, Instrumentation Division for Mark lla
catalog no. 51-168. Contains detailed information. The new Mark Ila Stereoscan, scanning
electron microscope, is a product
INSTRUMENTATION DIVISION of Cambridge Instrument Co.. Ltd., London.
England, and is sotd and serviced

ENGIS EQUIPMENT COMPANY ) exclusively in the U.S.A. by

8035 Austin Avenue, Morton Grove, lllinois 60053 « 312—966-5600 Engis Equipment Company.
See inquiry card 9.




When information buried in noise
is periodic, transient, or random, there is
a PAR"instrument to recover it

PAR manufactures a complete line of signal processing equipment to measure signals of various
types buried in noise. The choice of the most appropriate instrument depends upon the char-
acteristics of the signals.. The equipment faills into three general classes:

' N\
Lock-In Amplifiers have application where the signal of interest is or
LOCK-IN can be made to appear at a single frequency and where a reference
AMPLIFIERS voltage related in frequency and phase to the signal can be obtained.
These instruments employ phase-sensitive detection and narrow-band
filtering techniques to provide a DC output signal proportional to the
amplitude of the fundamental component of the signal being measured.
The Lock-In Amplifier can be described as a tuned voltmeter, the re-
sponse of which is “locked” to that particular frequency and phase at
which the signal information has been made to appear. They operate
typically in the frequency range of 1.5 Hz to 150 kHz with full scale
sensitivities down to 10-% volts.
\. _J
' )
Waveform Averagers are useful when, after processing, the actuai wave-
form of the signal of interest must be maintained and the signals are
repetitive waveforms or transients whose onset can be related to a trigger
pulse. The application of a synchronized, repetitive waveform will result WAVEFORM
in an output that corresponds to the average value at each of the AVERAGERS
segments of the waveform being studied, whereas any non-repetitive
(or un-synchronized) signals such as noise will be suppressed since their
average after many occurrences will approach zero. PAR makes two
instruments that perform this function; the Boxcar Integrator and the
Waveform Eductor.T-M. The Boxcar Integrator is a single point averager
in which a single slice, as narrow as 1 microsecond, of the input wave-
form is averaged while the position of the slice is slowly scanned through
the waveform. The Waveform Eductor simultaneously averages one
hundred points of the waveform which can be distributed over periods
varying from 100 microseconds to 10 seconds.
J
- \
CORRELATION Correlation Function Computers are the most general form of signal
FUNCTION processing equipment that can be constructed (Lock-In Amplifiers and
COMPUTERS Waveform Averagers are actually special cases of correlation equip-
ment). Whereas a reference or synchronization signal is required in
the other equipment discussed, autocorrelation analysis allows periodic
and random signals to be defined without this restriction. An even more
powerful technique is crosscorrelation which has the ability to describe
the degree of conformity between two different signals as a function of
their mutual delay. The PAR Signal Correlator simultaneously computes
in real time 100 points of either the auto- or crosscorrelation function
over total delay spans of 100 microseconds to 10 seconds.
\ Y,

A variety of instruments and associated peripheral equipment is available from PAR in each
general class. Instrument prices range from $765 to $9500. Since PAR has wide experience in
applying these systems to many situations in all fields of science and engineering (e.g.: aero- and
hydrodynamics, spectroscopy, medical physics, geophysics, etc.), we welcome the opportunity to
discuss your specific application. For additional information, or to arrange for a demonstration
at your facility, contact Princeton Applied Research Corporation, Dept. H , P.0. Box 565, Prince-
ton, New Jersey 08540. Telephone: (609) 924-6835.

PRINCETON APPLIED RESEARCH CORP.

10 INDUSTRIAL RESEARCH-—JAN 1968
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EDITORIAL
SN S

a shortsighted R&D policy

THE RESEARCH AND DEVELOPMENT OUTLOOK is discouraging.
As indicated in the annual forecast in this issue, the nation’s R&D expendi-
tures probably will increase less than 4% to about $25-billion during the
coming year.

In an effort to reduce the budget deficit, the federal government has
adopted a hold-the-line policy which has curtailed existing R&D programs
and delayed or killed many proposed projects.

Congress has insisted on drastic cuts in space, defense, nuclear, health, and
other research and development programs. Although resisting a 10%
across-the-board cutback, President Johnson has agreed to some reductions
and to keeping R&D increases to a minimum.

Industry has adopted a wait-and-see attitude. As a result, only nominal
increases are being made in industrial R&D expenditures until the impact
of the government holding action can be determined. '

Unless there is a dramatic change in the government and industrial posi-
tions, it is possible that R&D spending will rise to only $24.5-billion, or
about a 2% increase over the estimated $24-billion for 1967. This hardly
- will cover the inflationary increases to maintain the same level as last year.

The editors of Industrial Research believe such an R&D approach is a
shortsighted policy that could have unfortunate repercussions for the
nation and industry.

We realize, of course, that it is not possible to fund every worthwhile
project. And we recognize the value of objective reevaluation and the
pruning of less promising programs. However, we are opposed to indis-
criminate budget surgery, the shelving of projects with great potential,
and a government or industrial attitude that fails to grasp the signifi-
cance of the R&D investment.

Instead of leveling off R&D expenditures, it is time to accelerate the dis-
covery and application of scientific and technological knowledge. Both the
nation and industry are faced with many needs that can be resolved only
through more and better research and development.

It is primarily through increased federal R&D support, for example, that
we will obtain cleaner air and water, better health, faster transportation,
efficient nuclear power, economical desalination, improved weaponry, full
exploitation of the sea’s resources, and a greater understanding of mat-
ter and the universe.

At the same time, industry cannot hope to keep pace with the demands of
the market and the offerings of competitors without continuing R&D
programs aimed at new and improved products and services.

I e

We believe that a nation as large, prosperous, and strong as the United
States—and companies as profitable as those in this country—should be
able to support a much higher level of research and development than is
planned for 1968. The failure of the President, Congress, and industrial
leaders to recognize the value of R&D could be disastrous. =
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Selling a scientist his first computer involves certain re-
sponsibilities. To educate, for example, not only on the
specific machine that he buys, but on computers in the
laboratory in general. The scientist must learn how to use
them, what may be expected of the machine, what is ex-
pected of him, and how the methods of the laboratory are
changed by the very fact that he can now handle data at
computer speeds.

Because we have made scientific computers for 8 years now
— thousands of them — and, frankly, because we sell scien-
tists their second, third and fourth computers as well, we
have accepted these responsibilities with gusto.

We publish books — more books than some small book pub-
lishers — and not just the handbooks that go with the ma-
chines, either. Primers in scientific computers. Scientific

DIGITAL EQUIPMENT CORPORATION, Maynard, Massachusetts 01754. Telephone: (617) 897-8821 « Cambridge, Mass. *
Parsippany, N.J, « Princeton, N.J. « Rochester, N.Y. « Long Island, N.Y. - Philadeiphia - Huntsville «

applications papers. ‘‘How to .. ."” books for putting labora-
fory instrumentation together.

We give\courses, not only on how to work with a specific
machine, but on how to use scientific computers, how to
connect an experiment to a machine, how to hook up the
instrumentation, how to analyze the results. And we give
lectures, not only in Maynard, but at universities, at the invi-
tation of universities,in our field offices, and at users group
meetings.

DECUSCOPE speaks for the second most active computer-
user’s society in the world, where the exchange of informa-
tion, technigues, and even programs is an exciting tribute to
the cooperation among scientists everywhere.

Our commitment to help educate is a serious one, and also
one of the most rewarding aspects of our business. We're
doing more of it, and will do still more in the future.

dlifgliltlal §

COMPUTERS - MOOULES

New Haven « Washington, D.C. -
Pittsburgh - Chicago « Denver » Ann Arbor + Houston -

Albuquerque - Los Angeles » Palo Alto - Seattle - Carleton Place and Toronto, Ont. - Montreal, Quebec « Reading and Manchester, England - Paris, France
- Munich and Cologne, Germany + Oslo, Norway - Stockholm, Sweden - Sydney and. West Perth, Australia - Modules distributed aiso through Allied Radio
See inquiry card 12.
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RESEARCH NEWS OF THE $25-BILLION RESEARCH INDUSTRY

Pickering selected ‘man of the year’ in research

BETWEEN 10:34 anD 11 a.M. last Oct.
19, the Mariner 5 spacecraft com-
pleted an almost perfect flyby mission
to Venus. As the 245-kg craft passed
within 4,000 km of the cloud-covered
surface of our nearest planetary neigh-
bor, it returned new data about the
planet’s temperature, atmospheric
structure, and solar wind shock wave
pattern.

Less than a month later, on Nov. 9,
Surveyor 6. touched down on the rug-
ged lunar surface only 5 km from the
target launching spot. Surveyor 6 has
relayed back pictures and chemical
data. Eight days after landing, the
craft, in response to Earth command,
rose 3 m above the lunar surface un-
der rocket power and moved 2.4 m
lateraily.

The flawless completion of these
complicated missions was an amazing
scientific feat in more ways than one.
No one had planned to have such a
Mariner flight until barely a year be-
fore it began, and few people thought
it would be possible to effect the
Surveyor leap at this stage of the
space program.

Basically, Mariner 5 was a stopgap,
low-cost program. Its aim was to keep
America’s planetary program in mo-
tion after budget and other restrictions
had delayed more ambitious space-
craft designs until sometime in the
mid or late 1970s. Mariner 5 was
hurriedly started using the backup
spacecraft from the earlier Mariner
Mars flyby program.

The seeming ease with which the
new mission was accomplished and the
accuracy of its operation were an im-
pressive tribute to the capability of the
Jet Propulsion Laboratory of Pasa-
dena, Cal., and its longtime director,
Dr. William H. Pickering.

Because of the major contributions
of this space probe and earlier Mari-
ner, Surveyor, and Ranger flights to
man’s understanding of the universe,
Pickering was selected the “I'R Man
of the Year” by the editors and the
distinguished 30-man Editorial Advi-
sory Board of Industrial Research.

He will be presented $1,000 and a
beautifully inscribed plaque by Indus-
trial Research Inc., publisher of In-
dustrial Research and other technical

publications, at the third annual Na-
tional Conference on Industrial Re-
search in Chicago on Jan 22-23.
The conference, which will have
“Research Decision-Making in New
Product Development” as its theme,
is being cosponsored by Industrial Re-
search and IIT Research Institute.
Under Pickering’s guidance, JPL
helped compile most of the nation’s
deep space “firsts.”” These included the
first American artificial satellite, Ex-
plorer 1 (1958); first successful cis-

After receiving his doctorate, he re-
mained to teach electrical engineering,
eventually attaining the rank of pro-
fessor in 1946. His interest in space
phenomena was a strong one, how-
ever, that was stimulated by associa-
tion with Caltech’s renowned presi-
dent, Dr. Robert A. Millikan.

In the years before World War II,
Pickering joined the group under
Nobel laureate Millikan conducting a
worldwide program of high-altitude
cosmic-ray research.

CITED FOR DIRECTION OF SPACE PROBES
Dr. William H. Pickering of Caltech’s Jet Propulsion Laboratory

lunar space probe, Pioneer 4 (1958);
first successful flyby of Venus by
Mariner 2 (1962); and world’s first
successful flyby of Mars by Mariner
4 (1965). Added to this list is the
continuing series of missions onto the

lunar surface by the JPL-administered

Surveyor spacecraft program.

The Jet Propulsion Laboratory is
operated by the California Institute of
Technology under contract to NASA.

The well-modulated voice of the
erudite Pickering betrays a trace of an
English accent. This reflects his birth-
place, Wellington, New Zealand, from
which he emigrated as a young man
to attend Caltech. There he gained a
BS and MS in electrical engineering
and a PhD in physics.

Pickering traveled to many parts of
the U.S.,. as well as to India and
Mexico, to help the launch of instru-
mented high-altitude balloons. These
probes telemetered back some of the
first data about the variation of cosmic
ray intensity with changing altitude
and latitude due to the Earth’s mag-
netic field.

Pickering turned towards applied
research during World War II. He
conducted work in the field of micro-
waves at Caltech, Massachusetts Insti-
tute of Technology, and other labora-
tories. With growing Army interest in
guided missilery, he was given the task
of organizing the electronics effort for
the first operational U.S. missile at
JPL in 1944. This led to his appoint-

INDUSTRIAL RESEARCH—JAN 1968 13



14

ment as project manager for the Cor-
poral missile program at the laboratory
in the late 1940s.

For several years, Pickering d1v1ded
his time between teaching and super-
vising graduate -work at Caltech and
directing studies at JPL. Gradually, the
laboratory took more and more of his
time, culminating in his appointment
as director in 1954.

Under his direction, the laboratory
continued working on Army missile
and space projects until 1958. At this
time, the newly organized National
Aeronautics & Space Administration
appointed JPL as its major contractor
responsible for unmanned lunar and
planetary flight projects and the sup-
porting technology.

The laboratory continued to grow in
size—from 1,500 employes in 1954 to
about 4,400 today—and prestige under
Pickering’s guidance. The fruits of his
labors brought recognition in many
forms, including NASA’s Distin-
guished Civilian Service Award, British
Interplanetary Society’s Special Award,
Columbus Gold Medal of Italy, Gala-
bert Award of France, James Wyld
Memorial of the American Rocket
Society, and Robert H. Goddard Me-
morial Trophy of the National Space
Club. - ‘

Besides directing the laboratory’s
R&D, Pickering found time to serve
the nation and the scientific commun-
ity in other ways as well. This in-
cluded service on the Army Scientific
Advisory Panel, charter membership
on the Air Force Scientific Advisory
Board, and election as first president
of the American Institute of Aeronau-
tics & Astronautics.

~Pickering is an ardent supporter of
research, basic and applied. “Without
basic research, there would be no
space program nor, for that matter, the
-major advances in technology of to-
day,” he states.

As he points out,
today’s planetary programs is due to
basic theories developed in many dis-
ciplines 10 or 20 years ago. “We might
take deep-space communication as an
example. The systems of Mariners 4
and 5 are examples of developments
based on the quantum physics prin-
ciples involved in invention of the
maser and the mathematical precepts
that permitted development of opti-
mum coding and modulation. '

“Qur people at JPL, of course, took
the basic research results in these areas
and built on them with their own ap-
plied research. The result.has been an
amazingly efficient system with per-
formance close to the maximum theo-
retical possibility.” .

The results from all the NASA-JPL
space projects have been impressive,
but some stand out particularly in
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the success of

TRACKING MARINER 5
JPL ‘dish’ looks past the Moon

Pickering’s view of things. The knowl-
edge gained from the 22 television
pictures of Mars returned by Mariner
4 in July 1965, he stresses, should not
be overlooked.

“They showed that the Martian sur-
face is cratered to look more like the
surface of the Moon than of Earth.
Although it had been recognized that
probably all planets in their early his-
tory had been bombarded with mete-
oric particles, most people felt that a
planet the size of Mars would have
had enough tectonic (i.e., mountain
building processes) and erosive activ-
ity to erode the basic surface as has
been the case on Earth.

“On Earth, it is difficult to find
traces of craters. The fact that Mars
still shows these indicates little dy-
namic evolution of the surface in the
periods since cratering occurred. This
implies very little tectonic activity, no
free water in quantity, and an ex-
tremely thin atmosphere. Therefore, if
life forms have developed on Mars,
they must have developed within an
environment similar to what exists
there now.

“The evolution of our atmosphere to
its .present oxidizing state probably is
related to the presence of life as we
know it on Earth. An understanding
of how life developed on Mars, if it
has developed, could contribute highly
important information about the rise
of life forms on our planet.”

The Mariner 2 and 5 flights to
Venus have indicated the planet is too
hot to support life as we know it on
the surface. This does not rule out
life in the dense atmosphere, however.
As Pickering points out, “Just as we
find that life floats in Earth’s oceans,
we also could find floating forms in

Venus’ atmosphere.”

The four successful Surveyor flights
to the Moon have provided basic data
for the future manned landing of the
Apollo program. “Analysis of the Junar
surface,” Pickering stated, “shows it
to be made of a powdered material
that will support a reasonable load, at
least in the Surveyor landing sites to
date. Also important to our under-
standing of Earth’s natural satellite is
the Surveyor data on chemical compo-
sition showing it to be similar to ba-
salt in at least one region.”

Pickering is certain that continued
expansion of space research will bring
important new advances for mankind
in the future. But he also believes
some of the fallout from space re-
search to date is of greater importance
than many people realize.

Development of the concept of sys-
tems engineering, he believes, is of
major significance. “This might prove
to be one of the most useful things to
come out of the program. It provides a
major tool to solve problems in many
other areas. We already can see this
application starting in ‘such things as
transportation research and resource
planning.

“The development of project teams
covering a wide spectrum of techno-
logical disciplines is another part of
this picture. In planetary missions, for
example, we have biologists working
with structural engineers, communica-
tions engineers with solar physicists,
and so on. This has important conno-
tations for the approach to research
both today and tomorrow.”

Industrial Research believes the se-
lection of Pickering as I'R Man of
the Year is particularly significant in
the light of the completion of man’s
first decade of space exploration.

Reviewing the decade’s accomplish-
ment, Pickering said, “We, and I
mean everyone at JPL and NASA,
have contributed heavily to man’s
knowledge of the planets and have
paved the way for future work of
even greater importance. We look for-
ward to -playing a part in what we
hope will be a continuing program of
planetary research.”

Last year, the I'R Man of the Year
award went to Emmett N. Leith, as-
sociate professor of electrical engineer-
ing and head of the Radar & Optics
Laboratory at the University of Mich-
igan, for his pioneering efforts in
laser holography.

The Industrial Research award pro-
gram was started in 1966. to honor
outstanding scientists, engineers, and
technical administrators who have
made significant recent contributions
to the advancement of applied science
and technology. — IRWIN STAMBLER,
WESTERN EDITOR [J
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tax relief for small businesses

UNDER THE PRESENT TAX STRUCTURE,
a large corporation engaged in R&D

can pursue many ventures that never '

pay off. Such losses are written off
against profits in other divisions of
the company. In many cases, the gov-
ernment bears nearly 50% of the cost
for these misadventures.

However, a small company cannot
do this since it generally lacks a profit-
able segment of its operation. It must
rely on carrying forward its losses
against profits for the succeeding five
years. Thus, the government doesn’t
contribute its 50% until the five years
have passed.

And if the company doesn’t become

profitable until after five years, the

first year tax writeoff is lost.

Sen. Gaylord Nelson (D-Wis.), a
member of the Select Committee on
Small Business, has introduced a bill
to extend the period of loss carry-
forward to 10 years. He limits its
application to companies:

m Engaged in producing products
or services that can be sold, leased,
or licensed.

@ In which at least 25% - of the
employes perform “technological or
skitled technical functions.”

m With at least 25% of the gross

clinical lab standards

CLINICAL LABORATORIES engaged in in-
terstate commerce will be required to
meet standards set by the Dept. of
Health, Education & Welfare in the
future.

The action was a result of hearings
that revealed significant shortcomings
in the quality of the tests performed
by some laboratories.

The department will set standards in
quality control, records, equipment,
facilities, qualifications of supervisory
personnel, and will establish a pro-
ficiency-testing program.

However, laboratories certified by
professional accreditation bodies with
standards as good as those set by
HEW will be exempt. This provision
apparently is intended to keep the
federal government free of licensing
details.
~ The accreditation bodies plan to
make their services available to all
laboratories without requiring mem-
bership in the associations.

Three groups specifically identified
as providing the necessary accredita-
tion are the Joint Commission on Ac-
creditation of Hospitals, the Ameri-
can Osteopathic Assn., and the Col-
lege of American Pathologists. U

income attributed to the company’s
product.

w Having less than 500 employes, or
gross sales less than $1-million, or
net worth less than $2.5-million, or
total assets less than $5-million.

m That are independently owned.

Nelson limits his proposal to small
businesses on the grounds that they
require the incentive, and have the
greatest potential. .

“It is almost axiomatic,” he says,
“that small independent innovative
companies exert the most leverage per
dollar spent and hour consumed in
the whole process of innovation.” t

another metric plan

WHEN SWEDEN finally decided to drive
on the right side of the road (to con-
form with the rest of Continental Eu-
rope), it was not with the intent of
promoting a switchover to the metric
system in the United States.

Yet, Sen. Frank E. Moss (D-Utah)
drew a parallel between the choice
that faced Sweden and that which con-
fronts this country.

Bills pending before the Senate Com-
merce Committee (and consigned to
oblivion in the House Rules Commit-
tee) call only for a study of the ad-
vantages and disadvantages of joining
most other countries in the world in
their adoption of metric measures.

The proposed study obviously has
been prejudged by most proponents of
the bills. Conversion is inevitable in
their view.

Thus, opponents are fighting to in-
sure that the study, if authorized, does
not overlook those aspects that might
put the switch in an unfavorable light.

REVISES METRIC PLAN
Sen. Robert P. Griffin at hearing

_sees conversion as

Their vehicle is a bill introduced by
Sen. Robert P. Griffin (R-Mich.). It
differs from the earlier Sen. Claiborne
Pell (D-R.1.) version in three respects:

m It preserves, “more clearly,” the
option of recommending retention of
the existing system.

m It requires specific recommenda-
tions for meeting the difficulties and
costs of conversion in those areas of
the economy where change is advo-
cated. )

m It calls for a comparison of metric
and nonmetric standards and their use
in fields subject to conversion.

This last requirement, according to
the Industrial Fasteners Institute, is
“the most important.” This group
“redesign and
change in physical size, shape, and
form,” and it requires revision of
technical standards.

The industry group points out that
the locknut industry, for example,
would have to scrap 20 years of tech-
nical standards development and start
from scratch to prepare metric ver-
sions because “there is no comparable
documentation in any metric country
in the world.”

But Pell and other backers of the
earlier bill were not visibly swayed by
such reasoning. Included in his argu-
ments were the results of an Indus-
trial Research “Opinion Poll” in which
93% of the 3,800 respondents  sup-
ported the switch. O

election by computer?

CAN ' COMPUTER VOTE PROJECTIONS
broadcast by the television and radio
networks affect the outcome of the
November Presidential election? In
close elections, it is a possibility.

A switch of only 11,874 votes in
five states would have reversed the
outcome of the 1960 Presidential elec-
tion.

Three of those states—Hawaii, New
Mexico, and Nevada — are in time
zones potentially susceptible to in-
fluence by computer projections based
on Eastern returns, had such methods
been in significant use at that time.

All of the networks will be using
projections extensively during the No-
vember elections. But although Con-
gress is pondering the effect of these
projections, it is unlikely to take any
specific action.

Last summer, the Senate Commerce
Committee held hearings to consider
the possibility of voter .influence or
fraud in connection with the projec-
tions. It also examined the accuracy
of past results and considered four
possible ways of minimizing problems:

m Several studies offered no evi-
dence to indicate that voters could be
influenced by early returns.

w Consideration  of the elaborate
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procedures used by the networks sug-
gested that the possibility of fraud was
remote.

m Where projection errors did oc-
cur, they were in close races, particu-
larly the three-way Georgia governor’s
contest, and could be attributed to
human error.

m Four potential solutions were to
require a uniform time for release of
results, a uniform poll-closing time,
prohibit predictions prior to poll clos-
ings, or ask the broadcasters to vol-
untarily withhold predictions until after
all polls had closed.

But this year’s Presidential race may
be a three-way battle. The studies that
found no voter influence were made
during the 1964 election.

The impact of the computer-aided
projections is an open question. [

the patent debate

CriTics of the Administration’s patent
reform bill have a new rallying point.

Sen. Everett M. Dirksen (R-Ill.) has
introduced a substitute measure that
preserves the present “first-to-invent”
principle and the one-year grace pe-
riod prior to filing.

The Dirksen proposal was drafted
in cooperation with the American Bar
Assn.’s Section on Patent, Trademark
& Copyright Law.

The Administration bill, introduced
earlier in 1967, is based on a Presi-
dential study commission report that
favors a package overhaul of the pat-
ent system. :

The report recommended making
the American system more compatible
with international procedures by adopt-
ing a “first-to-file” policy and drop-
ping the grace period.

In introducing his bill, Dirksen said,
“It modernizes our patent laws without
destroying the proven principles upon
which the U.S. patent system is based
solely for the sake of international
standardization of inferior patent sys-
tems used in other countries.”

Retention of the two controversial
features permits an inventor to explore
the potential interest in his idea before
committing funds to obtain the patent.
And the actual inventor would receive
the patent, rather than the first indi-
vidual to submit an application.

But those backing the commission
approach see “first-to-file” as a clean-
cut mechanism for handling priority
disputes. They would substitute a pre-
liminary application for the grace pe-
riod mechanism, thus offering the
same interest-measuring capability in
the period between preliminary and
final application.

Chances for passage of either meas-
ure this session are slim in view of the
diversions which accompany a Presi-
dential election year. O
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. DISCUSS KENNEDY REORGANIZATION PLAN
NSF Director Leland J. Haworth (left) and Sen. Edward M. Kennedy

support for stronger NSF role

SoMETIME during the second session
of the 90th Congress, the long-dis-
cussed National Science Foundation
reorganization may materialize.

Contemplated and debated for sev-
eral years now, a bill which cleared
the House last April is intended to
convert a “passive” organization into
one which might more actively guide
the science effort in channels appro-
priate to the national interest.

But some of the details of the
House bill are not viewed enthusias-
tically by the NSF and the President’s
Office of Science & Technology. Thus,
a new bill was introduced into the
Senate recently by Sen. Edward M.
Kennedy (D-Mass.). In hearings held
before a special science subcommittee
of the Senate Labor & Public Wel-
fare Committee, the differences were
spelled out.

While the House measure seems in-
tended to strengthen the role of the
foundation’s board, the Senate version
favors the NSF director. In the first
case, the board “shall establish and be
responsible for the policies of the
NSF and be denied a separate staff.

In the Senate view, the board will
merely “establish policies to guide”
the foundation and be denied a sepa-
rate staff.

The House bill requires the director
to obtain board approval for large
expenditures, while the Senate would
leave the approval request to the di-
rector’s discretion.

In essence, the Senate version
would recognize the director as an
official of the Administration, rather
than an official of the board.

It is unlikely that these-differences
will go unresolved in view of the many
areas of agreement which call for sub-
stantial change in the NSF role.

Thus, in view of its importance and
Kennedy’s recent interest in NSF af-
fairs (perhaps spurred by his Cam-
bridge constituents), the bill could
find its way to the Senate floor and
eventually clear Congress. U

declassified research

IN A MOVE TO PACIFY academic critics,
the Dept. of Defense has announced
plans to declassify a portion of the re-
search sponsored at universities.

In the future, all basic research
sponsored by the DOD at universities
will be unclassified, according to Dr.
John S. Foster Jr., director of defense
research and engineering.

The Pentagon currently has about
5,500 university research contracts,
with only 420, or less than 10%, of a
classified nature.

Of the total, 4,152 can be con-
sidered basic research projects. Only
138, or 3.3%, are classified. It is not
known whether existing projects will
be declassified under the new policy.

The DOD move came after faculty
members at a number of universities
objected to the performance of “se-
cret” research on the campus. In some
instances, these protests have been
spearheaded by anti-war elements.

It is doubtful if the new policy will
have much impact on the volume or
nature of DOD-funded research.

Although fewer projects will have
the “classified” label, the DOD is
likely to make greater use of contracts
with individual professors for the
same investigations.

In those instances where the work
must be conducted through the institu-
tions, the DOD always can shift “ba-
sic research” into the classified “ex-
ploratory development” category. O
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funding based on social value?

WiLLiaM D. Carey of the Bureau of
the Budget speculated on research
budgeting problems of the future at a
recent Johns Hopkins Applied Physics
Laboratory colloquium.

Conceding that the science com-
munity was unhappy with recent bud-
get-cutting, the assistant director of the
budget bureau suggested that “weep-
ing off in a corner isn’t going to melt
any hearts.”

It must be recognized that R&D is
in competition with other programs,
ranging from educational proposals to
income-maintenance schemes, he as-
serted.

Carey said he was not aware of any
post-Vietnam planning on the part of
the research community. If this is the
case, he said R&D people will end up
reacting, rather than leading in the
future.

As he sees it, a concept of “social
value” could emerge as the criteria for
federal support of civilian R&D.

Carey said he had been studying the
problem for some time, and that he
has developed a unique approach—
called “Social Merit Matrix” — for
comparing competing research pro-
grams. ‘

Carey emphasized the matrix is not
an evaluation approach employed by
the Bureau of the Budget. He said it
was being presented only as “a begin-
ning to stimulate reaction and discus-
sion as to whether it is possible and
useful” to develop such an analytical
tool.

To start, Carey suggests that social
merit- might be measured in terms of
the contribution of research to three

‘ . el L Desalis
: @Value Category Weight nation

Populatron
Control

different types of values:

m Economic. Does it contribute to
health and welfare, technical advance,
conservation of resources, and/or re-
turn on investment?

m CuLTURAL. Does it contribute to
exploration, understanding man’s en-
vironment, enrichment of education,
and/or improvement of human rela-
tions? :

m PoriTicAL. Does it contribute to
national prestige, international under-
standing, problem-solving in underde-
veloped countries, and/or cold war
advantage?

Carey then assumes that each of the
three types of values is equally rated
at 25 points and splits the total within
each category according to his merit
assessment. Next, a matrix is con-
structed to depict the relative worth of
several research programs.

While Carey describes the matrix as
a superficial examination of a com-
plex problem, others will see it as a
legitimate initial analytical attempt to
grasp some slippery issues.

The real controversy would sur-
round assigning relative social values
to research projects. This is the old
problem of establishing national goals.
Such an obstacle also lies at the end
of the technology assessment question
now under study in Congress. Yet this
political task appears to be the most
promising area for progress if ap-
proached in an unemotional fashion.

But the task of foretelling the un-
known results of research projects,
particularly in basic research, is for-
midable.

There is evidence that Congress
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tends to object to the newer analytical
tools, such as cost-benefit analysis, be-
cause it does not participate in setting
the assumptions that determine the
final choices. The question at issue in
evaluating approaches such as Carey’s
may not be where it should be em-
ployed, but how it can be utilized.

Can an analytical approach be de-
veloped that would permit the policy-
making, political inputs to be supplied
from the Congress, rather than from
the analysts?

Thus, in Carey’s matrix, perhaps
Congress could be polled to obtain an
average set of weighting numbers. The
weighting role could be split with the
Administration.

The research community seems cer-
tain to encounter more concepts like
the “Social Merit Matrix” in the fu-
ture.—ALFRED J. COTE JR., WASHING-
TON EDITOR. (]

FDA lab search

IN 1948, the Food & Drug Adminis-
tration decided that it needed more
laboratory space. Seven years later,
a construction request was submitted
to the General Services Administra-
tion. Within a mere 12 months, appro-
priate Congressional committees gave
the project their blessing.

But, by the time construction ap-
propriations cleared Congress in 1961,
this initial facility (HL-O) was deemed
inadequate and work began on a head-
quarters laboratory (HL-1). The new
facility was not located near HL-O
in downtown Washington, but at near-
by Beltsville, Md.

In 1965, the FDA set out to create
a third laboratory (HL-2), deciding
that Beltsville was an appropriate site.
Unfortunately, the House Appropria-
tions Committee was captivated by a
decentralization philosophy and tossed
out the planning funds. The Senate
Appropriations Committee restored
the money and then lost the confer-
ence fight.

One year later, the House reversed
its position and okayed the Beltsville
site. But the Senate group also had
changed its mind, vetoed the funds,
and this time it won the conference
fight.

This year, the Food & Drug Admin-
istration showed up at appropriations
hearings with an alternate site to Belts-
ville. It offered Madison, Wis., and
this time the planning funds cleared
Congress.

Beltsville was not rejected by name.
A rider was inserted prohibiting con-
sidering any site within 80 kilometers
of Washington.

However, the FDA is not yet clear
of the woods, for now the House In-
tergovernmental Relations Subcommit-
tee has published a 15-page report on
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“FDA Procedures for Selection of
Laboratory Sites.” It concludes that:

= Laboratory HL-O really should
“have been considered for location out-
side Washington.

m FDA failed to advise Congress of
the shortcomings of a Midwest loca-
tion and exhibited a “completely in-
consistent” attitude.

m Selection methods were “of poor
quality and doubtful validity” since it
was noted that an original estimate of
$5.4-million extra cost for a Madison
choice dropped to $1-million when the
options were restudied.

m Site selection regulations were ig-
nored.

= There was “an almost total ab-
sence of documentary support for the
selection made.”

Two questions emerge from the
miasma surrounding FDA'’s laboratory
development efforts: Was decentral-
ization of federal installations or uni-
form distribution of R&D spending
the motivation behind the Madison
selection? If an agency can wait that
long for facilities, does it really need
them in the first place? U

UFO report delayed

ANXIOUS SCIENTISTS and laymen await-
ing solution of the flying saucer riddle
will have to wait a little longer.

Results of the prestigious scientific
inquiry have been moved back another
six months, according to the project’s
scientific director, Dr. Edward U.
Condon, professor of physics and as-
trophysics at the University of Colo-
rado and former director of the Na-
tional Bureau of Standards.

In late 1966, the Air Force Office
of Scientific Research named the uni-
versity and Condon to study the phe-
nomenon of unidentified flying ob-
jects (UFOs) under a $300,000 con-
tract.

The investigation was expected to be
completed by the end of 1967. Now,
Condon told Industrial Research, the
report will be submitted for review
near the end of September to a special
committee of the National Academy
of Sciences.

“We have a free hand to do most
anything we want. The contract just
calls for a scientific study. In fact, I
think the Air Force hoped we would
come up with some new ideas,” he
said.

New ideas or no, Condon asserted
that the “messy, complicated” task is
a difficult one because of “wild-eyed
interest” and too much energy is being
dissipated in running down a large
number of false leads.

But some critics are not so lenient
with Air Force motives for establish-
ing the research panel.

Dr. James E. MacDonald, senior
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physicist at the Institute of Atmos-
pheric Physics, University of Arizona,
has hinted that Condon’s panel was
convened merely to improve the Air
Force’s public relations. In addition,
he fears the panel may be inadvert-
ently glossing over the whole problem
by spending too much time with
“crackpots.”

MacDonald also is convinced that
at least some UFOs are extraterrestial
in origin—an admitted guess based on
10 years of personal research.

The original champion of the scien-

tific UFO investigation, Dr. J. Allen ‘

Hynek, seems less inclined to criticize
what is undoubtedly attributable to his
efforts. Hynek is director of North-
western University’s Dearborn Observ-
atory and long-time sole scientific con-
sultant to Project Bluebook, the small
Air Force team assigned to look into
flying saucer reports.

Regardless of the outcome or of
whatever “surprises” Condon’s com-
mittee releases this fall, it now is ob-
vious that UFOs and their possible
origins are admissable as topics for
polite conversation among more con-
servative scientists. O

the McNamara R&D legacy

THE DEPT. oOF DEFENSE research and
development program has undergone
drastic changes in the last seven years.

The defense budget—once divided
almost arbitrarily among the three
services—now is allocated on the ba-
sis of mission.

In the R&D area, this change has
resulted in greater coordination and
less duplication of efforts among the
Army, Navy, and Air Force.

At the same time, the control of
defense R&D funds has shifted largely
from military to civilian hands.

The budget and control changes
have been accompanied by the intro-
duction of new management concepts
in the procurement, performance, and
evaluation of research and develop-
ment.

Among the innovations have been
the systems analysis technique, the in-
centive contract, and the PPBS Sys-
tem (Planning, Programing, and Budg-
eting System).

Utilizing these and other analytical
and control tools, the DOD developed
a flexible response defense system
based on an arsenal of nuclear mis-
siles and a mobile striking force.

In the process, the R&D emphasis
was on long-range missiles, standard-
ized aircraft, and new ordnance. Many
projects also were killed or shelved,
including the B-70 manned strategic
bomber, the Skybolt and MMRBM
missiles, the nuclear aircraft engine,
the Dyna-Soar spacecraft, and a nu-
clear Navy buildup.

During the seven-year period, the
defense R&D budget climbed only
from about $6-billion to slightly more
than $7-billion, while total defense
spending mushroomed from around
$43-billion to almost $75-billion
(largely because of the Vietnam war).

However, the increased effective-
ness of DOD planning and cost-con-
trol efforts produced much greater
returns for the R&D investment.

The man most responsible for these
changes during the last seven years—
Defense Secretary Robert S. McNa-

END OF AN ERA?
McNamara leaves many innovations

mara—has announced his plans to
leave the Pentagon to assume the pres-
idency of the World Bank.

However, it is unlikely that there
will be revolutionary changes in de-
fense policies or practices as a result
of his departure.

McNamara leaves the DOD ma-
chinery securely in the hands of ci-
vilian and military subordinates thor-
oughly grounded in his operational
philosophy.

The defense R&D budget will re-
main at about the same level, the
tough management techniques will
continue to be utilized, and most re-
search and development projects will
follow the pattern of recent years.

But there will be increasing pres-
sure from the military and industry
to reactivate the strategic bomber pro-
gram, to expand the Nike-X antibal-
listic missile system, to provide a Navy
substitute for the pivot-winged F-111,
and to convert the Navy to nuclear
power.

The success of these efforts will de-
pend upon who is named to replace
McNamara. O
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pollution creates new industry

New York-—The nation seems on the
verge of creating a pollution industry
—one bent on cleaning up our air
and water, that is.

Apparently, though, the economics

of such an industry have not yet.

reached the point where a profit can
be turned.

Two unheraided plans, one in New
York and another in Texas, may prove
to be a turning point in this economic
race with the rising stink of cities
and rivers. .

New York City is experiencing a
garbage crisis. The city’s incinerators
cannot handle the waste generated by
its inhabitants. The situation has
reached a point where there is serious

Northwest giants

PULLMAN, Wasun.—The lion’s share of
industrial R&D in the Northwest is
concentrated at two organizations—
_the Boeing Co. and Battelle Memorial
Institute’s Northwest Laboratories.

This fact stood out in the just-re-
leased 1964-65 report by Washington
State University on regional industrial
research spending.

The report showed that Boeing and
Battelle employed 6,289 of the esti-
mated 8,772 R&D personnel working
in industrial and contract laboratories
in Washington, Oregon, Montana, and
Idaho in 1965. Dollar volumes were
not given for individual organizations
in the region.

From the data collected, it was esti-
mated that only 12% of all firms in
the region spent funds on R&D. Total
spending was estimated at $227-mil-
lion in 1964 and $245-million in 1965.
Spending on in-house research ac-
counted for 96% of the total, leaving
only 4% in the form of contract re-
search.

Distribution of 1965 industrial re-
search funding by states was estimated
to be: Washington, $212-million; Ore-
gon, $24-million; Idaho, $5-million;
and Montana, $500,000.

The instrument field, according to
the report, had the highest propor-
tion of research-performing firms.

Largest dollar volume of R&D
spending was in the transportation
field. It came to $182-million in 1964
and $192-million in 1965.

Heaviest concentration of funding
among surveyed firms was in develop-
mental research, increasing from 64 %
in 1964 to 68% in 1965. At the same
time, basic research spending went
down from about 7.6% to 6.4%,
while applied research declined from
28.2% to 25.4%. 0

talk about having New York declared
a disaster area. .

Such an unenviable status would
make the city eligible for federal and
state funds to help purge itself.

While the city buys more sanitation
trucks (800 have been ordered) to
haul garbage to nonexistent incinera-
tors, some farsighted city officials have
announced plans to build a $110-mil-
lion plant to incinerate both sewage
and solid refuse. As a side benefit, the
plant would produce waste heat, which
could be sold to a utility company.

Meanwhile, three firms in Texas
are making plans for a similar plant
to incinerate all types of industrial
waste. Again, waste heat would be
sold to make the plant economically
feasible.

Consolidated Oxidation Process En-
terprises Inc., Houston; Foster Wheeler
Corp., Livingston, N.J.; and Nichols
Engineering & Research Corp., New
York, are planning a $5-million plant
to be located at a Houston Ship Chan-
nel site. The plant would incinerate
waste from neighboring industrial sites.

The idea to incinerate waste prod-
ucts and sell the heat generated is not
new. What is new is that plans have
been made for a major city and indus-
trial area to put the idea to work.
Should the plants be built and should
they actually turn a profit, the na-
tion’s much needed pollution industry
might begin to blossom. [ :

academic passport

Caicaco — In many areas — particu-
larly sports—individual Big Ten uni-
versities are intense rivals.

On the more academic and admin-
istrative levels though, cooperation is
the rule rather than the exception.
One piece of evidence is the Com-
mittee on Institutional Cooperation
(CIC), which conducts joint programs
for member universities — Chicago,
Illinois, Indiana, Iowa, Michigan,
Michigan State, Minnesota, North-
western, Ohio State, Purdue, and Wis-
consin.

And what appears to be most suc-
cessful venture under the CIC’s jur-
isdiction is the unique “Traveling
Scholar Program.”

Starting in 1963, the program saw
41 doctoral candidates enrolled in
about 20 different disciplines. By the
end of 1967, more than 450 gradu-
ate students had crossed state and in-
stitutional lines with the CIC’s “aca-
demic passport” to perform short-term
work in highly specialized areas at
neighboring campuses.

The passport cuts through the us-
ual red tape so that the student may
use special resources unavailable at his
home institution, such as a specialized
course offering, a unique library col-
lection, an outstanding laboratory, or
a professor who is a world authority
in his field.

Dr. Stanley F. Salwak, CIC’s direc-
tor, told Industrial Research that
“there really is no barrier to the num-
ber of doctoral candidates who might
use the program or to the number of
disciplines studied.”

Theoretically, he said, a student may
use the program for any subject of-
fered in the 11 universities. The only
restrictions are on time spent (us-
ually one semester), whether the fa-
cility or course is not attainable on
his home campus, and if the student is
academically qualified.

Salwak ™ also revealed that several
other university groups, both in this
country and abroad, are quite inter-
ested in the traveling scholar program.
Among these, he said, are the Univer-
sity of California campuses and the
Ivy League schools. O ’

seek science funds

CaMBRIDGE, Mass.—Teaching science
and engineering is becoming a finan-
cial problem even for the regional gi-
ants in the academic community. Just
how expensive is indicated by the dol-
lar volume allotted to science and
technology in many university fund-
ing drives announced this winter.

Joining the bandwagon of multi-
million-dollar campaigns are Califor-
nia Institute of Technology, Pasadena;
Harvard University and Massachusetts
Institute of Technology, Cambridge,
Mass.; and Yale University, New
Haven, Conn.

Riding on the heels of the university
announcements is Research Triangle
Institute, Research Triangle Park,
N.C., which revealed a plan that would
double its operations within five years.

On the West Coast, Caltech kicked
off a five-year, $85.4-million cam-
paign—with most of the money to go
for buildings and operating costs.

Harvard University, located at the
hub of educational and scientific ac-
tivities on the East Coast, is seeking
nearly $50-million for “A Program
for Science” at Harvard College—
aimed at putting new zest into under-
graduate science instruction.

Dr. Franklin L. Ford, dean of arts
and sciences, explains in a report,
titled “A Program for Science in Har-
vard College,” that the construction of
adequate science facilities at the uni-
versity has lagged—both in compari-
son with earlier periods in the insti-
tution’s history and in relation to non-
science fields.
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Over $6-million already has been
pledged to the program, which will

include the construction of a $14.5-

million science center and an alloca-
tion of $12.6-million for a research
and teaching center in biochemistry
and molecular biology.

- Five endowed professorships at a
total cost of $3-million will be created.
Total cost of the new construction
program will amount to $45,690,000.

Another educational giant in the
Boston area, Massachusetts Institute of
Technology, announced that a mini-
mum of $135-million in additional pri-
vate funds will be needed for capital
improvements within the decade.

Among MIT’s immediate plans is a
$14-million electrical engineering and
communications - research complex.
Other funding needs include $14-mil-
lion for endowed professorships and
faculty salaries, $6.5-million for stu-
dent housing, and $2-million for stu-
dent scholarships and loans.

Establishing itself as a major con-
tender in the scientific arena, Yale
University revealed its capital needs
will total $388-million in 10 years.

President Kingman Brewster Jr. ex-
plains Yale, with a current endowment
of $500-million, will need $241-mil-
lion of the $388-million for improved
faculty salaries and positions to meet
competition. Another $146.5-million
will finance the construction of new
buildings.

Of this total, $57.4-million will be
needed for expanding science facilities.
Over $6.5-million will go towards a
$16.5-million engineering and applied
science complex now on the drawing
board. Another $50.9-million will be
for medical science: facilities.

To achieve the projected growth of'

staff and revenue, George R. Herbert,
president of Research Triangle Insti-
tute, forecasts a $3-million investment
in new physical facilities and equip-
ment and $1-million for working cap-
ital and program development.

The five-year expansion plan at RTI
includes a professional and support
staff totaling 600. Cumulative research
income at RTI now tops $20-million.

The nonprofit institute was formed
as a separate research corporation in
1958 by Duke University, Durham;
the University of North Carolina,
Chapel Hill; and North Carolina State
University, Raleigh.

Heading the list of new facility re-
quirements at RTI are two laboratory
and office buildings on the institute’s
campus. Construction of the first
building is expected to begin within
the next 18 months. It will be ear-
marked for RTI's Chemistry & Life
Sciences Laboratory, major units now
located in Durham, eight miles from
the research park. O
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devaluation brings R&D cutback

Lonpon—A dark cloud looms over
the scientific community as Great
Britain adjusts to the devaluation of
the pound sterling—now pegged at
$2.40 instead of $2.80.

The devaluation, ordered by the

- Labor Government, has resulted in a

cutback of British funds for scientific
research and defense programs.

A number of major research proj-
ects in Britain already have been post-
poned because of a lack of funds.
They included the building of a na-
tional magnet laboratory, a nuclear re-
actor for materials research, and equip-
ment for particle research at Ruther-
ford and Daresbury laboratories.

The delays were revealed by Sir
Harry Melville, chairman of the Sci-
ence Research Council, while report-
ing on the council’s annual expendi-
tures. v

One of Britain’s first moves follow-
ing the pound devaluation was the
cancellation of a $28-million order for
Chinook helicopters from the Boeing

Italian research park

NAPLES — Another American innova-
tion is gaining in popularity in Europe.
Naples is the latest -Continental city
to announce plans for an American-
type research park.

Most likely site for the multimil-

lion-dollar development is the govern-

ment-owned site formerly occupied by
the defunct “Overseas Fair,” a money-
losing propaganda creation of the Mus-
solini regime declared “superfluous”
by the Italian government last year.

Backing the Naples research park
project are Italy’s Minister for Scien-
tific Research, Leopoldo Rubinacci,
[taly’s National Research Council, the
Naples city government, and Naples’
two universities.

Initial occupants would be the Ci-
anello Physics Institute, two affiliated
cybernetics study centers, and the
Buzzati-Traverso Biophysics & Ge-
netics Laboratory — all presently lo-
cated on or near the fair grounds.

Outside groups reportedly inter-
ested in the projected research park
are the University of California at
Berkeley and an American electronics
company.

Italian government and industry of-
ficials consider California’s Stanford
Research Park a prime example of
what they would like to see in Italy.
The Italians also would like to emulate
the European “research center-indus-
trial parks” developed at Grenoble and
Toulouse in France. O

Co. Although the cancellation will
save Britain a few dollars, it will re-
move a sizable order from Boeing’s
Vertol Div., Morton, Pa.

Another project to bite the dust is
the controversial $56-million air base
with the United States on Aldabra
atoll in the Indian Ocean. This move
is likely to cancel the order for all 50
of the F-111 fighter aircraft from
General Dynamics Corp.

An unknown factor is the eventual
effect of devaluation on the Anglo-
French Concorde supersonic transport.
Joint research and development costs
still are based on the old rate at $2-
billion. :

Defense research and development,
currently at a level of $700-million,
probably will feel the brunt of the
cutbacks. Refurbishing of at least two
British aircraft carriers will be delayed,
and the project to build a new Type 82
missile destroyer is up for review. This
move, in turn, will affect the develop-
ment and production of such naval
missiles as the Sea Dart.

Although the largest item in defense
equipment is for U.S. hardware, in-
cluding 50 General Dynamic F-111K
fighters, 80 Lockheed C-130 Hercules
transports, and 170 McDonnell Phan-
ton F-4Ks and Ms, there is little
worry that the devaluation will have
much effect. These contracts have
been finalized.

There may be, however, some slow-
down in deliveries of the hardware in
an attempt to improve the balance-of-
payments. O

nuclear consortium

LonpoN — A single British nuclear
power group is suggested as a remedy
for Britain’s failure to hold its own
against United States competition in
the world market for nuclear equip-
ment.

The proposal is for a consortium
consisting of the United Kingdom
Atomic Energy Authority, the big elec-
trical equipment companies, and pos-
sibly a uranium producer.

The new organization would carry
out the Atomic Energy Authority’s
function of developing new reactors
and supplying nuclear fuel, and the
job of designing and engineering nu-
clear power stations, which are now in
the hands of three manufacturers’
consortia. -

The British argue that such an or-
ganization could compete on equal
terms with General Electric Co. and
Westinghouse Electric Corp. for the
world nuclear market. O




ENTER EXPANDING ELECTRIC CAR RACE
Ghia “Rowan” (left) and “Movretti Elettrica” at Italian auto show

more electrics for Europe

TuriN, ITaALy—Perhaps after the pro-
totype electric cars unveiled over the
past year in Detroit, London, and
Tokyo, it was only natural that this
year’s Turin Auto” Show also would
reflect the resurgence of interest in
the electric car.

There were four models on exhibit
——the “Moretti Elettrica,” presented by
Moretti S.a.s. of Turin; the “Fiat Gi-
annini 500 Elettrica,” offered by Gi-
annini Automobili S.p.A. of Rome; an
updated version of the “Urbanina,”
presented by Urbanina S.p.A. of Pog-
gio Adorno near Pisa; and the Ghia
“Rowan,” the sleek Italo-American
prototype which was the highlight.

The major difference between the
first two and the latter two was that
the Moretti and the Giannini electric
cars were merely standard Fiat 500s
with lead acid battery-powered electric
motors, while the Urbanina, which de-
buted at Turin two years ago, and the
Rowan were examples of vehicles de-
signed as electric cars.

The Rowan is the result of an in-
ternational team venture embracing
the Rowan Controller Co. of West-
minster, Md., and its two recently ac-
quired European subsidiaries, Ghia
S.p.A. of Turin and De Tomaso Auto-
mobili of Modena.

The vehicle, which is roughly 3 m
“long, weighs 596 kg, and has a range
of about 320 km at a speed of 41 to
43.5 mph. Powered by two 9 hp elec-
tric motors placed under the rear seats
and connected to the control box, the
Rowan has no differential, transmis-
sion system, or clutch assembly.

In the Rowan-developed Metrodyne

drive system, which functions in much -

the same manner as a conventional
automatic transmission system, the
driver uses the accelerator to control
acceleration, the brake to control de-
celeration, and a gear shift lever to
change from low-speed/high-torque to
high-speed/low-torque operation.
Stated in a somewhat oversimplified
fashion, the secret of the Rowan is its
Metrodyne electric drive system which
converts the kinetic energy produced
by the car’s natural momentum into
chemically stored battery energy via

the car’s braking system. That is, when
the driver depresses the brake pedal,
he automatically starts using the car’s
momentum-produced kinetic energy to
recharge the batteries.

The car’s electric current flows from
the batteries to the control box and
from the box to the two compound
electric motors. Power generated by
the two electric motors is conveyed
to the wheels through gears connected
by a cog-belt in fiberglass.

Rowan Controller has no irnmediate
plans to produce the car in quantity,
but is dickering with several anto man-
ufacturers to evaluate the possibility
of commercial production. O

new Soviet laser

Moscow—Nobel laureate Alexander
M. Prokhorov said Soviet scientists
have developed a powerful continuous-
action laser whose coefficient of effi-
ciency of 30% is higher than existing
lasers operating at-room temperature.

Using a mixture of carbon dioxide,
nitrogen, and helium, the laser pro-
duces infrared radiation and can be
used to generate a power of about
5 kW.

Prokhorov—who shared the 1964
physics prize for his laser discoveries
—says the Soviets also have developed
lasers that can emit powerful impulses
with a high repetition frequency.

Encouraging experimental data have
been obtained on changing the fre-
quency of lasers in which dyestuffs
are used as active media. By selecting
the type of dyestuff and its concentra-
tion, it is easily possible to change the
wavelength of radiation over a wide
range.

By varying pressure on a lead
selenide-based semiconductor laser, the
frequency can be changed.

Prokhorov says Soviet industry is
manufacturing various types of lasers
for both research and the solution of
practical problems. O

plot to steal reactor secrets?

LoNnpoN—Anthony Wedgwood Benn,
Britain’s Minister of Technology, has
written an open letter to Britain’s
atomic scientists at Dounreay in
Caithness (Scotland) and at Risley
(Lancashire) about an American
“plot” to obtain secret information
about the latest fast-breeder reactor
at Dounreay.

He said Westinghouse Electric
Corp. has been trying to persuade
senior scientists working on the Doun-
reay fast-breeder reactor—the world’s
most advanced commercial prototype
power reactor—to move to the United
States.

It is understood that 24 atomic sci-
entists working at Dounreay, where
salaries range from $2,800 to $11,000
a year, have replied to an advertise-
ment by Westinghouse offering jobs
near Pittsburgh.

A Westinghouse spokesman told In-
dustrial Research that active negotia-
tions are in progress with ' several
Dounreay scientists.

It is alleged that Westinghouse is of-
fering salaries of between $6,800 and
$15,000 for scientists, with the scale
rising from $31,000 to $76,000 for
the best senior staff. These latter fig-
ures were flatly denied by Westing-
house and labeled as fabrications of
the London press. '

The ad, which appeared in a Sun-

day newspaper on Oct. 29, asked for
research workers with experience in
liquid metal-cooled fast-breeder reac-
tors. The only British scientists with
this experience are those working on
the Dounreay project.

The scientists are said to have been
offered jobs without the “usual inter-
views,” although this was called un-
true by Westinghouse officials in the
United States.

In his letter, Benn charged that
Westinghouse tried to obtain the sci-
entific know-how in negotiations with
the United Kingdom Atomic Energy
Authority, but objected to the price
placed on such an exchange by the
agency. -

In his letter, the minister stated:

“Now, Westinghouse [officials] ap-
parently think they can get it on the
cheap by offering some of you salaries
which, according to press reports, are

- pitched at a level that goes beyond

the usual differential in income be-
tween the United States and Britain.

“This is an attempt to purchase
through a few key people the knowl-
edge and experience that the whole
team has gained.” More than 700 sci-
entists and engineers are working on
Britain’s fast reactor projects.

“This is not just another brain drain
story,” Benn said. “This is not just
another example of Britain having
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failed to provide adequate research fa-
cilities for highly qualified men. Quite
the reverse. No Westinghouse fast re-
actor establishment has got the facili-
ties, scope, or resources that Britain
has made available to you through the
Atomic Energy Authority.

“Nor is this just another story of
Britain’s past failure to follow through
jts own pure research. The fast re-
actor is not just another British in-
vention rotting in the pigeon holes of
the laboratories that developed it. It
is already on the verge of commercial
exploitation.”

The letter concludes: “The widest
possible national interest is involved
in this issue. I would hope that West-
inghouse will get the rejection that
they invite by seeking to buy the best
people from a better team. If West-
inghouse wants good fast reactor tech-
nology, let it develop its own, or buy

a license from us on a proper com-
mercial exploitation.

“We depend on you and so does Eu-
rope. For all these reasons, I hope you
will say ‘no’ to Westinghouse and say
it firmly and quickly.”

Benn'’s tirade is easy to understand
with Britain’s best scientists slipping
through her fingers like quicksilver.
But American advertisements in Brit-
ish papers and higher salary offers
are customary, and it is doubtful if
such conspiracies to steal “secret”
technologies exist.

A spokesman for Westinghouse is
reported to have said: “The company
advertises in British newspapers in a
straightforward manner, identifying
ourselves. We do not make personal
solicitations to individuals. Salaries of-
fered were commensurate with the go-
ing rate in America for men with
these qualifications.” O

U.S. leads in research support

Paris — The United States spends
three times as much -on R&D as West-
ern European countries and six times
more than the Common Market na-
tions.

The difference in the numbers of
_scientists, engineers, and technicians
employed in R&D,. however, is less
marked—1.5 to 1 between the United
* States and Western Europe and 2.6 to
1 between the United States and the
Common Market.

These findings are revealed in an
Organization for Economic Coopera-
tion & Development study of the over-
all level and structure of R&D efforts
in OECD member countries from
1962 to 1965. The study is the first
major international investigation to
cover the growth of R&D in the 16
OECD member countries.

Comparing R&D efforts as a per-
centage of the gross national product,
the survey reveals that the United
States spends 3.4%, the United King-
dom 2.3%, and the Netherlands 2%.
France, Germany, Japan, and Sweden
spend about 1.5%; Canada, Belgium,
and Norway, about 1%, and Italy
0.6%.

The United States employs a full-
time equivalent of nearly 700,000 sci-
entists, engineers, and technicians. The
next highest employer among the large
industrial countries is Japan with
187,000 R&D workers. The United
Kingdom employs about 160,000,
while Germany and France account
for about 100,000 each. The figures
fall steeply for other OECD countries.

The government provides from one-
half to two-thirds of R&D funds in
France, the United States, United
Kingdom, Canada, and Norway. Be-

tween one-third and one-half of R&D-
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funding is provided by the govern-
ments of Germany, Sweden, Austria,
and the Netherlands, and one-third or
less of the total in Italy, Japan, and
Belgium. O

Czech plan in doubt

PraGuE — Czechoslovakia’s plans for
an ambitious nuclear research program
appear to be in jeopardy.

The communist-bloc nation had an-
nounced its intention to spend 20%
of its R&D between now and 1980 on
nuclear research and the development
of nuclear power and uranium.

However, an article by a member of
the presidium of the Czechoslovak
Academy of Sciences, J. Backovsky,
in Rudé Pravo, official paper of the
Communist Party, suggests that it will
be necessary to revise the economic
analysis of the nuclear power work.

The original analysis was made, says
Backovsky, on the assumption of a
closed economy, when rentability and
need to compete internationally were
not major factors.

It also will be necessary to consider,
he asserts, indirect investments for raw
materials, the disposal of radioactive
waste, the possible exhausting of uran-
ium mines, and changes in the inter-
national supply of fuel and power.

In view of these additional costs,
Backovsky feels that a small nation
like Czechoslovakia cannot afford a
national laboratory for high-energy
physics, as proposed by some officials.

Czech physicists trained for this
work should be diverted to other tasks,
he says. Solid-state physics is a dis-
cipline which can be expanded further
in Czechoslovakia at lower cost and
greater benefit, he believes.

The average cost of one scientist in
the Institute of Solid-State Physics of
the Czechoslovak Academy of Sci-
ences is from 1/6 to 1/10 of the cost
at the Joint Institute of Nuclear Re-
search in Dubna, Soviet Union, ac-
cording to Backovsky. O

European ‘comsat’

Paris—What exists between Europe
and the United States is not a “tech-
nological gap” but a “project gap.”

This is the view presented by the
European Aerospace Industry Assn.
(Eurospace) in a 70-page report urg-
ing the creation of a European Space
Authority (Eurosat) for satellite com-
munications.

Eurospace, long a proponent of a
“Comsat” system for Europe, views
European capabilities in tracking
telemetry, command networks, and
ground stations as competitive with the
United States in the world market.

The report says European industry
has the technical competence to build
and launch a family of communica-
tions satellites by 1971 with an initial
capital investment of $100-million.

The most apparent reason behind
Eurospace’s cry for a European “Com-
sat” system is its mounting dissatis-
faction with Intelsat management—
particularly contracts. Intelsat, an in-
ternational satellite consortium, is op-
erated by the Communications Satellite
Corp. from Washington, D.C.

The report notes that Europe sub-
scribes to 28% of Intelsat’s service,
but gets back “less than 4%” of all
money spent for studies and contracts.

Gen. James McCormack, Comsat
board chairman, however, indicates the
next generation of Intelsat 3 satellites
—of which six are planned at a cost
of $32-million—will have about 40%
of the work performed outside the
United States. O

telescope threatened

LonpoN—Europe’s most advanced
space research program—to build a
satellite telescope laboratory—may be
postponed because of high costs.

A report prepared for the European
Space Research Organization (ESRO),
the coordinating scientific agency, by
an American consultant from NASA
put the expected cost of the project at
$112-million. The figure allowed for
the production of equipment and op-
erating costs for several years.

The decision to stop the project
would come as a blow to the United
Kingdom. Atomic Energy Authority’s
Culham Laboratory recently awarded
an $8.4-million study contract for the
telescope program after waiting for
six years for Science Research Coun-
cil action. O




NEW SATELLITE STABILIZATION CONCEPT

Hughes Aircraft’'s “Gyrostat” approach could bring changes.

AEROSPACE
E——

unwhirling the birds in space

SPIN-STABILIZED SATELLITES have been
described as “large hat boxes,” “weird
insects,” and the like.

Outside observers may have won-
dered why some of these strange
shapes were necessary, but, like the
crowds in “The Emperor’s New
Clothes,” no one wanted to be caught
asking foolish questions.

Now a relative youngster in the
aerospace field not only posed the
.question, but also has provided an
answer that may revolutionize future
spacecraft design.

The new approach, called the “Gy-
rostat,” was developed by Anthony J.
Torillo, spacecraft dynamicist, Hughes
Aircraft Co., Culver City, Cal.

The historic reason for rotating
satellite shapes, he points out, is the
“major axis theorem.” This theorem
states that any non-rigid rotating body
will end up spinning about the axis of
the greatest moment of inertia. Thus,
a spin-stabilized spacecraft had to be
made short, squat, and spun around
the major axis to prevent tumbling.

Iorillo felt there should be a way to
spin the craft around its minor axis.
After a two-year program, he and
co-workers at Hughes developed a
method of energy compensation that
solved the problem: only part of the
craft rotates while the rest is despun.

The new approach makes use of an
eddy-current nutation damper. That is,
simply, a magnet swinging like a pen-
dulum in an induced magnetic field.
The damper provides artificial energy
dissipation on the despun platform to
match that resulting from such things
as fuel slosh and whip antenna mo-
tion in the rotating part of the craft.

Advantages of the Gyrostat method
are many, Iorillo states. By freeing de-

signers from the major axis restriction,
it permits them to design larger, more
powerful satellites. Because only a por-
tion of the craft has to spin, other
payloads, such as lasers and telescopes,
can remain stationary or be moved
easily in any direction.

One application that the new ap-
proach makes possible is genuine
point-to-point  satellite communica-
tions, using several antennas aimed at
different areas on Earth. O

faster solid fuels

THE AcRONYM “HycaT” (Hyer’s cata-
lyst) may be of importance to future
solid rocketry. It stands for a -new
ingredient developed by United Tech-
nology Center, of Sunnyvale, Cal.,
that may permit much higher accelera-
tion rates for solid fueled systems.

High acceleration rates have long
been a prime goal for solid propellant
fuels. One way of doing this, experts
have long known, is to provide a cata-
lytic additive. The problem has been
to find one that did not also pose
problems of stability and safety.

To be used safely, catalysts must:

m Be compatible with all other in-
gredients without affecting curing
properties.

m Not crystallize at temperatures
from —54 to +93C. When a catalyst
does, it makes the propellant brittle,
with degrading effects on grain struc-
ture and flame propagation.

m Have a low vaporization point.

A problem with most additives is
that they partly vaporize, causing
droplets to form on the lid of the
propellant mixing chamber. When the
oxidizer, which is in the form of a
dust or powder, is mixed in, some can

combine with the droplets, resulting in
a dangerously explosive material.

UTC reports its Hycat material, an
organo-iron compound, meets all these
specifications. The material has suc-
cessfully undergone many test firings
with excellent predictability of prop-
erties and performance.

No propellant using Hycat pres-
ently is in production, but UTC has
submitted a number of proposals to
the government for future systems. O

BIOCHEMISTRY

living virius created

In 1959, Dr. Arthur Kornberg, head
of the Biochemistry Dept. at Stanford
University, was awarded a Nobel Prize
for his work synthesizing DNA (de-
oxyribonucleic acid)—a basic building
block of life. But the DNA was in-
active. (See page 64 for Kornberg’s
article on biochemistry.)

Now Kornberg and Dr. Mehran
Goulain of the University of Chicago
have announced they successfully man-
ufactured a primitive form of active
life in a test tube.

The material synthesized by the bio-
chemistry team is the DNA of a
simple pigmy virus that infects and
destroys bacteria inhabiting the human
intestinal tract. .

Was the material “living” and has
man in reality created life? Kornberg
hedged the point, noting that viruses
appear borderline cases in the molec-
ular world of living and dead sub-
stances.

But when the artificially produced
pigmy virus was mixed with bacteria,
it penetrated the bacteria and repro-
duced itself in the same manner as
the “natural” virus. Reproduction and
growth are two of the basic require-
ments of life.

The revolutionary discovery, Korn-
berg explains, could lead to the crea-
tion of artificial viruses to halt the un-
controlled growth in cancer cells.

It would seem from the information
available that a rudimentary form of
life indeed has been created from
nonliving matter. O

COMPUTERS
———————

end in itself?

Two ENGINEERS at Bell Telephone
Laboratories published a paper in
1956 - describing a design technique
applicable to certain types of transis-
tor amplifiers.

. An interesting aspect of the ap-
proach was the use of a computer to
carry out the complex design calcula-
tions. It was probably one of the first
examples of computer-aided design.
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Then, the computer was only con-
sidered a tool incidental to the main
task. Today, computer-aided  design
seems almost an end in itself and the
net effect may not be progress.

Two approaches dominated discus-
sion of the activity at the recent North-
east Electronics Research & Engineer-
ing Meeting (NEREM) in Boston.
Batch processing methods employ a
remote computer and an appropriate
turn-around time is inherent. On-line
schemes place the designer- in front
of input-output equipment and let him
interact with the machine.

A common aspect of most of the
programs discussed is that they are
analytical rather than design programs,
and this is a significant weakness. A
design program would accept as input
the required performance specifica-
tions and then derive the component
values and necessary interconnections.
But analytical routines require that
values and interconnections be sup-

plied as inputs, from which the ma- -

chine will compute the performance
of the combination.

Some see the analysis method help-
ful because it is equivalent to going to
a bench and wiring up an actual cir-
cuit. But a critic could argue that
it encourages trial-and-error design
rather than an understanding of the
relative importance of the components
in the circuit. A further disadvantage
is the omission of important side ef-
fects.such as stray capacity. The in-
accuracy of the models employed to
simulate the actual components is an-
other probiem.

However, even to those who recog-
nize the inherent unreliability of trial-
and-error methods and pursue more
rational design techniques, analysis
programs can prove invaluable aids
when they work.

“One of the bad bones of the busi-
ness right now is reliability,” accord-
ing to N. O. Sokal, president, Design
Automation Inc. a consulting firm
that employs computer-aided design
methods. Although programs employ
built-in checks, incorrect solutions
sometimes slip by.

It also takes time to learn how to
use a particular program for many do
not perform as predicted in the man-
uals. The necessary effort can require
one man-year and $10,000 in machine
time. Couple this with a requirement
for all the available programs (and
more), because of the relative advan-
tages of each, and it is not surprising
that Sokal concludes the field is “not
for the dabbler or casual user.”

Other participants in the session
seemed in agreement with Sokal’s as-
sessment. They were looking to the
future when a central machine would
be loaded with all programs and could
service many satellite terminals. Some
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even saw the terminals requiring their

own small computers! Even so, more
sophisticated programing techniques
are needed to save computer time. U

electronic chess match

THE SoviET UNION has won the first
international chess match played by
electronic computers. '

A computer programed by a team
of Moscow mathematicians defeated a
Stanford - University computer in an
experimental match that lasted more
than a year.

Of the four games played, the Soviet
computer won two and the remaining
two ended in draws.

The match has been called a sig-
nificant step forward in the develop-
ment of computers capable of *“crea-
tive decision-making” in economics,

ELECTRONICS
S

industry, and science.

Mikhail Rotvinnik, former Soviet
world champion, said the experiment
fell far short of developing “electronic
chess players.” However, he believes
it is possible to devise a computer
chess program that could defeat even
the grand masters.

In the experiment, the computers
were fed the rules of chess, the values
of the pieces, and the different posi-
tions on the board. They were pro-
gramed to look ahead eight moves by
each computer, but to make only a
limited number of moves.

The four games were played by
feeding the computers with perforated
cards giving information on the op-
ponent’s last move. However, the com-
puters could have been hooked to-
gether to play without human inter-
vention after being programed. O

LSI circuits making inroads

THE FOURTH GENERATION of electronic
circuits and systems rapidly is moving
from the research laboratory into com-
mercial applications.

In LSI circuits, from 10 to 10,000
complete circuits are built up on a
single tiny chip of substrate material.
It is the next step past the present
third generation technology of micro-
miniaturized integrated circuitry.

As Dr. Richard L. Petritz, division
administrator, Texas Instruments Inc.,
Dallas, told the recent Fall Joint Com-
puter Conference in Anaheim, Cal.,
there are three major LSI technologies
under  development—LSI chip tech-
nology, LSI hybrid, and LSI *“full-
slice” technology.

The first is a system of 10 to 250
circuits per chip and one to several
chips per device package. Hybrid
technology aiso involved 10 to 250
circuits per chip, but with from four
to 20 chips per package. The chips are
interconnected by thin film methods.

The most advanced of the three
LSI types is full-slice technology. In
this system, from 100 to 10,000 cir-
cuits are placed on a single chip. Full-
slice technology, said Petritz, promises
the greatest gains because the entire
slice constitutes the packaged product.

The Air Force recently awarded
Texas Instruments a contract for a
complete hardware system using full-
slice technology. The program calls
for construction and testing of a com-
puter for a terrain-following radar sys-
tem.

Even closer to operation is an Air
Force-sponsored LSI computer at
Radio Corp. of America Laboratories.
H. S. Miller, a member of the RCA
technical staff, pointed out that the

use of LSI to combine many logic
gates on a single chip promises to
break the speed bottleneck that ham-
pers current computer circuitry.

He noted that 75% of the signal
delays in current computers occur in
interconnection wiring. By packaging
many circuits on one chip, much of
this interconnection wiring is elimin-
ated. To prove out the capability of
the new technology, RCA is building
a large integrated monolithic array
computer. O

FOOD TECHNOLOGY
o

recipe for oil protein

To A GAS OIL cur—taken directly
from a refinery—add yeast micro-
organisms, nutrients, oxygen, and am-
monia. Allow the micro-organisms to
feed on the wax content of the gas oil
so that they multiply rapidly to form
a yeast cream. \

Pass the yeast cream through a
centrifuge to separate it from the gas
oil. Purify and dry the resulting pro-
tein slurry to an odorless powder.

" From 91 megagrams (100 tons) of
feedstock, 9 Mg of protein concentrate
will result, which can be added di-
rectly to animal feeding rations. Thus
goes British Petroleum’s (London)
recipe for helping to feed the world.

British Petroleum has been working
on the process for about eight years
and has now decided to build a plant
at Lavera, France, to produce protein
concentrate from a gas oil feedstock.

Initially, the concentrate will be
produced for use in animal feedstuffs.
However, tests for its use for human
consumption are encouraging. &




GEOPHYSICS
A

earthquake alerts?

MAN HAS YET TO LEARN how to con-
trol most of nature’s destructive forces.
The multiple havocs of flood, hurri-
cane, tornado, and earthquake remain
as devastating as ever.

However, in the case of the first
three, man has learned to take the first
steps by being able to predict on-
coming events.

But the occasional earthquake that
destroys much of man’s handiwork
with impunity-—witness the Good Fri-
day earthquake in South Central Alas-
ka nearly four years ago—thus far has
defied efforts toward forecasting.

Hope may be on the way, though,
according to Dr. Richard Jahns, dean
of Stanford University’s School of
Earth Sciences.

“Within the next few years we shall
have warning of a few minutes to as

much as an hour in advance of strong -

shocks along two or three of this
country’s major faults,” he predicts.

Recent findings seem to add con-
siderable credibility to his hopeful
statements. Scientists at the Dept. of
Commerce’s National Earthquake In-
formation Center point toward small
changes in the geomagnetic field as
precursors to temblores. '

Adding supporting information to
these observations, two other Stanford
geophysicists—Drs. Sheldon Greiner
and Robert L. Kovach—report similar
findings.

A Stanford team placed an intensi-
fied network of magnetometers around
the San Andreas fault near Hollister,
Cal. When four of the devices indi-
cated a drop in field strength, the sCi-
entists then waited for an earthquake.

- Within two days, the area was shaken

by a series of moderate shocks.

Unfortunately, most earthquake ex-
perts point out, indications are that
what works in one location probably
will not be effective in another. The
outlook consequently is dim for now.

‘What worries many, especially in
earthquake-prone Califorpia, is that
the collective intuition predicts that
the state is long overdue for a major
earthquake. O

INSTRUMENTS
]

microscopic storage
SINCE THE INVENTION of the micro-
scope some time ago, scientists have
been trying to improve its magnifica-
tion capabilities to see smaller and
smaller objects. -

With the latest in electron micro-
scopes, we finally seem to be on the
brink of looking at single molecules—
and someday, even atoms.

But aside from the microscope’s

obtain maximum
laser efficiency

You can improve CW and puised laser output

. by specifying or changing to high efficiency
optical components from Laser Optics, Inc.
The combination of extremely high quality
substrates and exceptionally tough, efficient
optical coatings is paying off every day for
LOI customers.

'Special Customer Services: In addi-
tion to fabricating and coating high quality
optics for all types of laser applications, LOI
can provide you optical design, mechanical
*Argon/Krypton engineering and electro-optical engineering
support.

* CO> Lasers

¢ Solid State Lasers
¢ He-Ne Lasers

Let LO! optical specialists work with your designers early in the plan-
ning of a laser system. We may be able to help you build a more effi-
cient laser at lower cost. In any event it costs you nothing to explore
with LOI ways to design outstanding optical systems to meet critical
design requirements.

For more details, write or call:
East Coast: Danbury, Conn. (203) 744-4160 ¢ TWX: 710-456-0463
West Coast: Pasadena, Calif. (213) 681-5631 « TWX: 910-588-3761

LASER OPTICS, INC.

MILL PLAIN ROAD / DANBURY, CONNECTICUT 08810

See inquiry card 25a.

Industrial Research continues in-depth coverage
in three specialized supplements:

The special supplements are bound into the regular monthly issues of Industrial Research
as follows:

Vacuum and Cryogenics—every month.

Lasers-—January, March, May, July, September, and November

Nuclear Technology—February, April, June, August, October, and December
These special-interest editions are sent without cost to those readers of this magazine
engaged in research, development, or design work in any of these fieids.

The suppiements report on the latest advances, controversies, problems, trends, products,
literature, personnel changes, and industry progress in each area.

To make certain you receive the supplement in your field, complete the appropriate in-
quiry card. A circulation qualification card will be sent to you immediately. Merely enclose
the card in the handy Industrial Research individual inquiry envelope provided.

See inquiry card 25hb.

INDUSTRIAL RESEARCH-—JAN 1968 25



utility for revealing the microcosmos,
few other uses for the instrument have
been suggested—until now.

Dr. Humberto Fernandez-Moran,
professor of biophysics at the Univer-
sity of Chicago, says that electron
microscopy and related techniques
could invade the field of high resolu-
tion information storage and retrieval.

“We now can demagnify to the
point which we already have achieved
of reducing written pictures—at one
stroke by direct imprinting—by a fac-
tor of up to 50,000,” he declares.

In effect, it would be possible to
print the contents of the Library of
Congress on a piece of typewriter
paper at that reduction.

Fernandez-Moran has contributed in
quite some measure by developing the
new short-focal-length lenses required
for demagnification.

Other efforts by him and his co-
workers have been directed toward
improving electron microscope capa-
bilities, such as better point-cathode
sources that will offer more stable, co-
herent microbeam illumination. Goals
are increased brightness, smaller spot
sizes, and low energy spread of the
electron beam.

But Fernandez-Moran cautions that

we are still some distance away from
the best possible point source.

“Someday we must find the equiva-
lent of a laser for electrons—a highly
coherent, spatially and temporally co-
herent source—just as we have for
light,” he declares. O

hydrated electrons

ALMOST SIX YEARS AGO, two research
physicists working at England’s Mt.
Vernon Hospital in Middlesex came
up with what has been hailed as one
of the most significant events in mod-
ern chemistry.

They discovered a short-lived elec-
tron strongly attracted to water mole-
cules—the hydrated electron.

)

Produced in water under irradia-
tion, this intermediate chemical frac-
tion exhibits a half-life measured in
microseconds.

The researchers, Drs. J. W. Boag
and Edwin J. Hart, were the first to
measure the electron’s optical absorp-
tion and prove its existence experi-
mentally.

Several new avenues of scientific
investigation have been opened up as
a result of studies of the species’ prop-
erties, reactions, and decay rates.

Hart since has returned to Argonne
National Laboratory as a senior phys-
icist. There, with another co-worker,
associate physicist Dr. Klaus Schmidt,
he concentrated on one of the more
practical problems: the hydrated elec-
tron could only be produced with
linear accelerators or expensive cobalt
60 radiation sources—each offering
experimental time at a premium.

So Hart and Schmidt designed and
built a low-cost device to produce hy-
drated electrons. It is compact, simple
to operate, and can be used anywhere
because there is no radiation hazard.

“The $2,500 device is well within
the financial reach of small colleges
and universities that do not have ac-

cess to accelerators. Therefore, in--

creasing numbers of students and re-
searchers will be able to participate in
hydrated electron investigations,”
Schmidt told Industrial Research.

The device’s secret is a high-power
ultraviolet light source that irradiates
the solution in a small quartz cell.
Pulse duration is about 30 micro-
seconds, and the resultant hydrated
electrons are sensed by the narrow
light beam focused on a photomulti-
plier.

“Aside from the electron’s value in
studying reaction rates, it also can be
used as an analytical tool. For ex-
ample, we have been able to deter-
mine very small amounts—down to a
few nanomoles—of oxygen in solu-
tion,” he adds. O

MAKES POSSIBLE HYDRATED ELECTRON RESEARCH
Dr. Klaus Schmidt adding sample to new Argonne ultraviolet device
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TYPICAL MICROSTRUCTURE
graphite within zirconium carbide

METALLURGY
A

hypereutectic carbides

THE SUCCESSFUL FABRICATION of test
samples of hypereutectic tantalum and
columbium carbides at Aerospace
Corp., El Segundo, Cal., is the latest
step in development of this promising
new family of high temperature ma-
terials.

These carbides, developed in the
Materials Sciences Laboratory by a
group headed by Dr. Edward Kendall,
are actually carbide-graphite alloys.
Addition of the graphite, Kendall
points out, results in materials with
very high thermal shock resistance.

The first phases of the program re-
sulted in development of hypereutectic
titanium, zirconium, and hafnium car-
bides. These materials have melting
points, respectively, of 3000, 3500,
and 4000 C.

However, the melting point of the
oxides that form on these carbides in

high temperature use is the limiting

factor. They have melting points of
1800, 2700, and 2800 C.

Rocket nozzle linings of these ma-
terials were prepared for engine tests
at the Naval Ordnance Test Station,
China Lake, Cal.

As Kendall told Industrial Research,
“We can conclude that these carbide
linings do not fail in thermal shock.

" They came through the firings with-

out cracking—something not possible
with other carbides.”

Further work on properties and
production scale-up needs of the ti-
tanium, zirconium, and hafnium car-
bides has been assigned to Battelle
Memorial Institute, Columbus, Ohio.

Kendall’s group recently focused its
attention on the more difficult task




of making tantalum and columbium
carbides with similar structure. This
was achieved in mid-1967, using the
same general method of arc fusion
and casting. A probable next step is
construction of re-entry vehicle lead-
ing edge shapes of titanium carbide
for flight tests on a re-entry model

Commercial applications may be an
important byproduct of hypereutectic
research. One company has fabricated
test samples for use as a refractory in
glass making. Other possibilities in-
clude electrodes in aluminum cells,
crucibles for molten aluminum, high
temperature bushings or bearings, and
high temperature rings and seals in
turbojet engines. O

NUCLEAR ENERGY

Project Gasbuggy

AN EVENT that could signal the start
of a major breakthrough in the oil and
gas industry took place Dec. 10 in a
remote area of northwest New Mexico.

At 12:30 p.m., seismographic
needles jumped and a slight tremor
was felt 54 km southeast as a ther-
monuclear device detonated in a field
tomb 1,272 meters below a remote
site 100 km east of Farmington in
northwestern New Mexico. “Project
Gasbuggy was off to a flying start.

The shot, the first of a number of
proposed tests in the use of nuclear
explosions to exploit hard-to-tap
sources of oil and gas, is the initial
step in Project Plowshare—the peace-
ful application of nuclear explosives.

Gasbuggy is a joint project con-
ducted by El Paso Natural Gas Co.,
the Atomic Energy Commission, U.S.
Bureau of Mines, and Lawrence Ra-
diation Laboratory, Livermore, Cal.
It involves the use of nuclear explo-
sions to fracture natural gas reser-
voirs to provide more effective drain-
age of the reservoir and higher sus-
tained production rates after the ini-
tial fracture. ’

Expected gains from conventional
stimulation would provide a gas re-
covery of 10% of the original gas in
the test site area over a 20-year pe-
riod. By comparison, AEC estimates
that nuclear fracturing, using 10 kilo-
ton explosives on 648 sq m spacing,
could provide a 70% return.

In the current test, a 26-kiloton hy-
drogen device was placed at a depth
of 1,272 m-deep enough to confine
the explosion, but not so deep that
emplacement costs would be too high.

Even so, the total cost of the test
was about $4.7-million. Industry
sources have estimated an economic-
ally feasible process requires a cost-
per-shot of only $500,000.

These and other questions await not
only. Gasbuggy but many other tests

New COMSAT Laboratories
Will Soon Be Constructed

Write for “Professional Opportunities at COMSAT”

The new Comsat Laboratories will soon be constructed in Wash-
ington, D.C.’s suburban Montgomery County. Total cost of the facil-
ity is estimated at about $12 million. An initial staff of some 300
people will conduct research on all aspects of satellite communica-
tions.

Comsat needs inventive people who can generate new ideas and
approaches in the following areas:

RF Transmission Laboratory: Advanced multiple-beam antenna
systems; transportable experimental earth stations; broadband high-
power transmitters; threshold extension receivers; millimeter wave
repeaters; and low temperature receivers. ‘

Communications Processing Laboratory: Multiple access sys-
tems for high and low volume traffic; digital techniques for TV trans-
mission; speech processing; and communications theory.

Spacecraft Laboratory: Primary power sources; positioning and
orientation systems; thermal control; mechanical component struc-
tures;-and environmental testing.

Physics Laboratory: Reliability and material analysis of com-

- ponents; integrated digital circuits; microwave devices; space envi-

ronment (radiation effects); and theoretical physics.

Systems Research Laboratory: Multi-purpose satellites; satellite
systems integration; millimeter wave satellite systems; analysis and
planning of future programs.

Contact Mr. W. L. Pritchard (Dept. PE 201), Director, Comsat Laboratories.

<8
C:

L

COMMUNICATIONS SATELLITE CORPORATION

1900 L Street, N.W., Washington, D.C. 20036
AN EQUAL OPPORTUNITY EMPLOYER

See inquiry card 27.
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ULTRAMIST III
NEBULIZER ...

uses high frequency uitrasonic
energy to disperse fine
liquid particles into a gas.

Disposable plastic cup holds solution to
be dispersed. Aerosol is carried away by
variable airflow. Portable, weighs only
11 1b, self contained, plugs into 115 volt
outlet. Variable output up to 1.4 cc per
minute of solution.

APPLICATIONS

aerosol therapy — inhalation

aerosolization for flame spectrophotometry
particle dispersion in fluids

air pollution studies

wind-tunnel visualization

radioactive fog tracing

controlled humidification

control of static charges in surgical, testing
and clean rooms

acceleration of chemical reactions
accelerated mixing — solution preparation
electron microscope sample preparation
biological and medical extractions

cell destruction — sterilization

Average Air flow 12
I/min, MMD: 1Y% to
3 microns (light mist)

Average Air flow 6
I/min, MMD: 3 to 6
microns (average
mist)

Average Air flow 3
1/min, MMD: 7 to 10
microns (dense mist)

PIONEERS

IN APPLIED
SONICS AND
ULTRASONICS

MACROSONICS
CORPORATION

880 Elston Street, Rahway, New Jersey
Phone 201-382-2030

See inquiry card 28a.
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before a final assessment can be made.
AEC reports there was no release of
radioactivity and no damage occurred
from ground shock resulting from the
detonation.

Radiation and health safety experts,
however, are monitoring the experi-
mental area as drilling into the broken
rock zone to collect samples for analy-
sis proceeds.

Because of the unknowns, large
scale nuclear stimulation of gas and
oil lies in the 1980s or later. The time
span may be affected further by de-
lays in funding follow-up programs.

Gasbuggy itself almost was can-
celled by the Bureau of Budget in late
1966. Only strong pressure from the
AEC on Congress resuited in the res-
toration of program funds to permit
the current test. .

The potential return of the program
could far outweigh the few million
dollars involved in continued experi-
ments. The Bureau of Mines has esti-.
mated that, if successful, nuclear frac-
turing could more than double the
country’s proven reserves of natural
gas. O

deadly breeders?

MUCH OF THE PUBLIC CONCERN about
nuclear reactor safety—or the prospect
of a lack of it—really began on July
16, 1945.

It was on.that date, at a remote
testing site near Alamogordo, N.M,,
that man first observed the enormously
destructive potential of atomic energy.

Since that time, science has at-
tempted to match or even exceed wea-
pons development with peaceful uses.

Unfortunately, nuclear scientists’ ef-
forts to soothe the general public’s
nerves were doomed to failure. No
matter what was said about the dif-
ferences between the bomb and a re-
actor or radiation-containing shield-
ing, much of the public equated—and
probably still equates—the harmless-
looking reactor with the devastation of
Hiroshima and Nagasaki.

More frightening to most is not the

- all-too-visual spectre of a cataclysmic

nuclear explosion but the insidious
and equally deadly effects of radiation.
Unlike most other environmental dan-
gers, radiation cannot be seen, smelled,

or even felt. Worse, most. of its non-

lethal effects may not show up for
years or even generations.

Now, however, the situation is
changing somewhat.

The development that has prompted
an about-face among some critics is
the fast-breeder reactor. The plot also
thickens considerably when it is real-

~ized that these new reactors figure

heavily in plans by companies en-
gaged in the fastest-growing segment
of nuclear energy uses—the generation

1:1 Ratio

1:0.7 Ratio

1:0.5 Ratio

CHANGE

YOUR RECORDING

RATIO

QUICKLY / EASILY

Record at any object-to-image ratio

from 1:1 to 1:0.5 without extra

lenses with the Beattie-Coleman

MIOA Oscillotron. This highly versa-

tile camera also offers these plus

features:

e Rugged construction for field test
instrumentation.

e Fully enclosed electric shutter ac-

tuator and lens.

Records ultra-high speed traces.

Synchronous electric shutter.

Polaroid and 4 x5 backs.

Hinged at CRT to swing away for

unobstructed viewing when not re-

cording.

e Data recording optional.

* Shutter-open indicator light.

43 different models. Send for catalog.

Coleman Engineering Co. Inc.
Box 1974, Santa Ana, Calif. 92702

BEATTIE-COLEMAN
OSCILLOTRON®

OSCILLOSCOPE CAMERAS

See inquiry card 28b.




of electrical power.

Unlike earlier reactors used for
power generation as well as for re-
search, which employ diluted uranium
for fuel, the new breeders use plu-
tonium—the same material used in
the bomb.

Also, the utility companies are more
than happy because the breeder re-
actor creates more plutonium than it
“burns.” Consequently, fuel costs will
just melt away almost entirely.

It is the prospect of these mounting
supplies of plutonium that frightens
Dr. Edward Teller, the so-called “fa-
ther” of the hydrogen bomb and a
professor of nuclear physics at the
University of California at Berkeley.

Teller recently stated. “For the fast-
breeder to work in its ‘steady-state
breeding condition, you probably need
something like half a ton of plu-
tonium. I do not like the hazard in-
volved.”

He explained that reactors are
“clean” so long as they operate as
planned.

“If they malfunction in a massive
manner—which can happen in prin-
ciple—they can release enough fission
products to kill a tremendous number
of people,” Teller warned.

The latter possibility brings up a
point about safety factors upon which
hinges much of the controversy.

Previous experience with reactors
by the research community has pro-
duced a remarkably small number of
fatal mishaps. Even more enviable is
the record compiled by industrial users
of nuclear energy—not a single injury
or death since the first full-scale power
plant started up a little more than 10
years ago.

Contributing in some small measure
to this safety record is the fact that
nuclear reactors always have been
banished to sparsely populated loca-
tions to minimize the effects of an
improbable release of harmful radia-
tion to the atmosphere.

But the jitters continue to ebb and
flow, hitting their high points on occa-
sions when a power company an-
nounces plans to build a reactor closer
to - a population center — and when
something goes awry with an existing
reactor.

In the former instance, the most
recent and loudest outcries occurred
when a California power producer
made public its intentions to build one
within several miles of earthquake-
prone San Francisco. After futile at-
tempts to explain plans for elaborate
additional safety features for the site,
the project was dropped.

More recently, nuclear nervousness
was once again stimulated by one of
those “improbable” accidents. While
no deaths or injuries resulted, the mis-

hap occurred at a plant located a mere
30 miles from metropolitan Detroit.

There, at the Enrico Fermi Atomic
Power Plant, a still-experimental fast-
breeder reactor employing liquid sodi-
um as a coolant shut down suddenly
when a piece of sheet metal blocked
the coolant flow. The accident hap-
pened more than a year ago, but it
wasn’t until recently that engineers
found the cause and discovered some
of the rather disastrous consequences.

Two of the 105 core elements had
overheated and melted together —a
situation that could have led to one
of the few circumstances in which the

reactor might blow up. The explosion
certainly would not be like an atomic
bomb with its resultant holocaust—but
more like just enough explosive force
to rupture shielding and release deadly
radioactive particles for miles.

However, most scientists agree that
any kind of appreciable explosion is
at best a remote possibility.

One of the optimistic researchers in
this field is Dr. David L. Morrison,
chief of the Chemical Physics Div. at
Battelle Memorial Institute’s Columbus
Laboratories. He also is a member of
the Atomic Industrial Forum’s Reac-
tor Safety Committee.

- We're not the nation’s best-kept secret any more!

JAL

WA

|-I|l‘.-

Albuquerque . . . Sunshine. No crowds. No smog.
You can golf and ski on the same winter day.

Two universities, outstanding recreation outdoors.
Symphony, opera, much more, in unique New Mexico.

Contact: Albuquerque Industrial Development Service
P.O. Box 502ZA, Albuguerque, New Mexico 87103

HOME OF ROLAMITE
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What happens when a grad student closes his
textbook and starts an experiment on the accelerator ?

Checks the vacuum system. Then the electronic

instrumentation. Pours liguid nitrogen. Reads digital
printouts. Strings wires. (Ohl the wires.) Checks con-
nectors. What has this got to do with nuclear theory ?

Plenty. It's the doing of physics, which is essential
to the knowing of physics. This graduate student
will confirm for himse!f the basic discoveries that
built modern physics. And he will earn the right
to move up to larger accelerators where further
original work is waiting.

Big physicists
from little accelerators grow

Van de Graaff accelerators are ideal for training
because even the least expensive ones (0.4 and

2 MeV) produce particles at precisely controllable
energies: protons, deuterons, alpha particles,
electrons, neutrons, and photons. The largest
Van de Graaffs extend nuclear structure investi-
gation to the binding energies of the heaviest
elements.

Think acorns.

HIGH VOLTAGE ENGINEERING
» See inguiry card 30.

The complete line of Van de Graaff accelerators is described in our General Catalog.
Write High Voltage Engineering Corporation, Burtington, Massachusetts, or Amersfoort, The Netherlands.



Beam Tubing Scattering

\ -~ Chamber

Accelerator Switching Water

and Analyzing Moderator
Magnet

Complete Nuclear
Physics Teaching Laboratory

At last! An accelerator-based
teaching system for less than
$50,000. A lot less if you already
have some of the electronics.

By system, we mean first, the
equipment: a 400 KeV Van de Graaff
dccelerator, vacuum equipment,
magnet, scattering chamber,
detectors, radioactive sources,
support electronics, puise height
analyzer, and radiation monitor.

Second, our teaching manual: 30
graded experiments in nuclear
physics, explained step by step,
enough to fill a 3-semester laboratory
course. By then the student will
have performed the fundamental
experiments of nuclear physics and
encountered a great deal of quantum
mechanics, atomic physics, and
solid state physics.

Research ? Yes. In nuclear physics,
solid state physics, atomic physics,
and activation analysis. The magnet
provides for additional research
stations where your staff and grad-
uate students can do original work.

It's everything a teaching [research
system should be: simple to
operate, virtually-maintenance-free,
easily modified for different
experiments, low initial cost,
expandable with optional equipment.

Our booklet, “The Van de Graaff’ .
Nuclear Physics Teaching Laboratory,”
shows just how this equipment and
course book combine theory and prac-
tice in the modern physics curriculum,
we’ll be glad to send it to you.

HIGH VOLTAGE ENGINEERING
”L Burlington, Massachusetts

Name

Position

Organization

Address

Zip
See inquiry card 31.

He told Industrial Research that the
Fermi reactor is a ‘“rather specialized
machine that really isn’t the type
people are thinking about in the fu-
ture for fast reactors.”

Morrison also noted that much of
the impressive safety record for com-
mercial reactors has been gained with
well-known thermal systems using
pressurized water for cooling.

“Current thinking, as I interpret it,
is that there is much to be learned

-about fast-breeder systems and liquid
‘sodium technology. The Atomic En-

ergy Commission has launched a sub-

- stantial liquid metal, fast-breeder re-

actor program to find the unknowns,

_identify potential problems, and come
up with solutions.

“I am convinced that at the end of
the current development program, we
will be able to say with confidence that

the then-available fast systems will be

as safe or safer than current water-
cooled systems,” he declared.

The question of reactor safety—
whether absolute or only relative safety

* —is yet to be answered. By using past

TRANSPORTATION

performance as a criterion, the am-
munition for quieting the critics is
certainly at hand.

The picture of progress also is a
juggernaut only occasionally slowed
or stopped. Progress in. this instance
means a source of electrical power that
promises to become even more com-
petitive with fossil fuel sources.

At present, plans for new nuclear
generating plants are being announced
at the rate of nearly three a month.
Already some 1.8-billion watts of elec-
trical power are being produced from
nuclear energy sources.

This amount now represents a mere
1% of the total output, but AEC
estimates have this proportion increas-
ing rapidly to as much as 25% by .
1980-—up to 170-billion watts.

The expert consensus is that there
is no reason to believe the trend will
lose momentum. Barring discovery of
an even more practical and abundant
source of power, the atomic pile—
including fast breeders —is here to
stay—DaAviD M. GrAHAM, MIDWEST
EDITOR. J

Aerotrain and Concorde pass test

ON Paris’s left bank at the Gare
Montparnasse, the conductor shouted
a lusty “En Voiture!” And France’s
wheel-less Aerotrain roared along its
concrete rail to claim a world record
for track vehicles.

The sleek aluminum car, dubbed
“Le Zinc,” rushed almost noiselessly
through the countryside at 215 mph
—20 mph faster than the record for
trains held by France for a conven-
tional locomotive.

Le Zinc is a halfsize experimental
model of the Aerotrain designed by
Jean Bertin. It rides on an air cushion
along a T-shaped concrete track. The
full-size model, which Bertin hopes to

begin building soon, will carry 80
passengers at speeds of 250 mph.

Government contracts are nearly
signed that will finance not only the
full-scale aerotrain but a 22-km (12.4-
mile) elevated track leading north
from Orleans. Eventually, promoters
hope to extend the line about 126 km
to Paris, which the train could make
in 25 minutes.

Meanwhile, the French counterpart
of the Anglo-French supersonic trans-
port, Concorde 001, rolled out of its
hangar last month at Sud Aviation’s
airfield in Toulouse, France. The 57-

-m, 1,500-mph prototype will take its

maiden flight next month after ground

THE CONCORDE SUPERSONIC AIRLINER
French version unveiled as work proceeds on British counterpart




To put itin
o
writing...
look first to BRUSH"®

No matter what your direct writing recording
requirements, fook first to Brush for the
optimum answer. There’s the famous Mark
200 series of modular systems plus a com-
plete line of portable and general purpose
recorders:

Mark 200—8 Channel Recorder

New generation Series g—==
1707 system combines |
all solid state electronics |
-with modular construction
- for tailoring to specific
requirements. Choice of
channel widths and input
preamplifiers. Range of |
chart speeds 0.05 to 200
mm/sec. Patented pres-
surized-ink writing system.

Mark 220 Portable
Recorder

High performance two analog channel unit weighs
only 25 pounds, writes in any position. Has the
Mark 200 writing system. Chart speeds from 1 to
125 mm/sec. One millivolt sensitivity. Portable.

Mark 250 Strip Chart Recorder

Fastest, most versatile 5"
strip chart recorder any-
whers. Contactless servo.
Detachable chart maga
-zine. Has the Mark 200
writing system. Chart
speeds from 0.2 sec/div.
to 5 min/div., sprocketed
drive, Portable.

Mark 280 Dual 80mm
Recorder
Feedback penmotor unit
has two “double width”
analog channels. Has the
Mark 200 writing system.
Chart speeds from .05 to
200 mm/sec. Portable.

Brush Lightbeam
Osciltographs

Choice of three high per-
formance models with up
to 25 channels, frequency )
response to above 5000 Hz, variety of chart speeds
.002 ips to 120 ips. Writing speeds to 60,000 ips.

To put it in writing, write for complete catalog.
Clevite Corporation, Brush Instruments Division,
37th and Perkins, Cleveland, Ohio 44114.

CLEVITE B R U S H
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tests and engine runs are completed.

Despite political problems work at
Filton, near Bristol England, is ahead
of schedule and the British prototype,
Concorde 002, should be flying by
June or July.

In the United States, Boeing Co.
announced several design changes on
the 2707 supersonic transport. To
smooth the ride and provide more pre-
cise control, the 1,800-mph SST will
use a small, ear-like wing, called a
Canard wing, far forward on its fuse-
lage in conjunction with “direct lift
control” on the main wing. Other de-
sign changes include lengthening of
the fuselage from 92 m (306 ft)—
longer than a football field—to 952
m (318 ft).

The Anglo-French Concorde, how-

" ever, will have one edge on the bigger

and faster SST. It is slated for service
in 1971, at least three years ahead of
the American SST. I

- new power source

AN INVESTIGATION into a new power
source that may hasten the practical-
ity of the electrically driven town car
has been completed at Oxford Uni-
versity in Great Britain.

The Ministries of Transport, De-
fense, and Technology are so encour-
aged by the results that they are con-
sidering taking over the project to de-
velop a prototype system.

The device is referred to as the
“black box turbine.” S. S. Wilson, the
inventor, told Industrial Research he
believes its development could over-
come the restrictions of speed and
range of electrically driven vehicles.
‘His idea is a turbo-electric drive that
eliminates the difficulties caused when
rechargeable batteries are used as a
source of power.

The newly developed expansion tur-
bine operates, not with steam, but

_ with a vapor that has a molecular

weight about 20 times greater than
steam. This provides a compact and
efficient turbine that will produce up
to 20 kW of power.

A benzene substance and a new
fluorine compound have been tested
in the experiments. A vapor turbine
is built as a sealed box in much the
same way as the compressor unit of
a refrigerator is self-contained.

A paraffin or gas oil burner heats
the fluid to produce the high molecu-
lar weight vapor. The vapor is directed
through a nozzle onto the turbine
blades and then recirculated to the
boiler. The turbine motor drives an
alternator to generate the electricity.

Wilson said it would be unrealistic
to ignore the cost of developing units.
The system’s future depends on vol-
ume production, he explained. But po-

tential uses include portable generat-
ing sets for ships and isolated dwell-
ings, and the source of power for
cars, taxis, buses, and the like.

For the small town car, speeds of
40 mph are predicted. With bigger
power units, speeds of up to 70 mph
are believed to be possible.

Meanwhile, an electric car with an
electric motor in each rear wheel is
being put into production in Britain
this spring by Carter Engineering of
Tamworth, Staffordshire, which has
formed a subsidiary, Carter Coaster.

Initial production will be relatively
low and earmarked for research bod-
ies, public utilities, and other organiza-
tions which have expressed interest
in having fleets of cars for evaluation
purposes. After that stage, any nec-
essary modifications would be made
before production was stepped up and
the car offered to the public at a basic
price of around $840. O

ULTRASONICS
R R A

colors from sound

MosT SOUND comes to the human ear
as variations in frequency. But to the
biomedical engineers at Northwestern
University’s Technological Institute,
sound is seen as colors—such as blue,
purple, orange, or red. ~
In actuality, Dr. John E. Jacobs

executive director of the institute’s

Biomedical Engineering Center, and
his coworkers developed what is prob-
ably the first ultrasonic imaging sys-
tem capable of producing x-ray-like
colored images of any living tissue on
a color television screen.

“We can show clearly discernible
blood vessels in a finger, for example,
that appear as pulsating green or blue
or orange lines,” Jacobs told Indus-
trial Research.

However, he explains, the colors
do not represent real colors of the
hand’s internal structure. Instead, they
show varying rates at which sound
waves pass through the hand when it
is dipped in a water tank in the path
of the sound waves.

Black and white television sonic

' imaging systems——also developed by

Jacobs—have been around for some
years. The color system, however, rep-
resents an increased sensitivity of from
20 to 40 times, simply because the eye
can recognize nearly 100 different
shades of color at the same brightness
compared to about five in black and
white television.

Future uses lie both in the medical
and industrial areas, he believes. The
device could be quite valuable in non-
destructive testing to identify defective
spot welds. A good weld shows up as
one color; a bad weld as a wild
variation. m




The 7-year old miracle.

The Mark 200 came on the market back
in 1961. And ever since, the competition’s
been playing catch-up. Take the traces it gives
you. A patented, pressurized inking system puts them
into the paper . .. not just on it. They’re incredibly
crisp. You won’t smudge them. You can reproduce
them. And talk about accuracy! We promise you 99}2%
(mostly because of a pen position feedback system
that other manufacturers are still trying to figure
out!) ® There’s more. Lots riore. ® You have a choice
of 32 different preamplifiers and an almost unlimited
number of penmotor combinations. Then too, you can
select either Z-fold or roll type chart paper take-up
and a vertical or horizontal or pull-out oscillograph.
In short, you tell us what kind of recording you want
to do and we’ll put together the Mark 200 system to

do it. ®m But here’s the real kicker: Specify a Mark 200
and you specify a proven system. Right this minute
there are more than 27,000 channels purring away
throughout the world. We can talk all day about
“reliability”’ but acceptance and experience like this
says it in seconds. ® We still haven’t done the Mark 200
justice. To really understand what
we’re talking about, you have to see
one in action. Ask your Brush repre-
sentative to arrange a demonstration.
After all, how often do you get to see
a miracle? Clevite Corporation, Brush
Instruments Division, 37th & Perkins,
Cleveland, Ohio 44114.

CLEVITEBRUS H
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Coming your way: a library of Rare Gh‘emicals

'Thls valuable new catalog
contams over 5000
computer-cuded

e ‘building blocks of research

ALFRED BA’AQER CHEMEQS\

ALDRICH pioneered the fifst USABLE-CATALOG. Remember what catalogs were like
before that? No structures, no empirical formulas, no classes of compounds, just accumulations
of names where you might or might not have found what you were looking for.

Our USABLE CATALOG has grown like TOPSY, from one page in 1951 to 752 pages this year,
and in fact, we had to decide to limit the chemicals in our main catalog to ahout
10,000. But there are thousands of others we could offer, many of these right on our
shelves — compounds which we think are out-of-the-way, but which may help someone:
be it for screening, for testing a new reaction, or for identification of an unknown.

And so we decided to offer some 5,000 of these investigational tools in a simple
catalog — structures and empirical formulas only.

All of these “library” chemicals are computer-coded, so that, if you would like to have a
Iisf, say, of all our pyrroles or all our B-diketones, just write us, and we'll

send you the complete list, of course at no charge. iR-1

fAitred Bader Ghemicals

Division of Aldrich Chemical Company, Inc.

2369 N. 30th St. » MILWAUKEE, WIS. 53210 « TEL: (414) 374-4620

See inquiry card 34.
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MATERIALS
APPLICATIONS"

JANUARY 1968

: Nature’s design for purifying water
1s 1mitated by mew self-supporting
polyvinyl chloride honeycomb.

USHING STREAMS and fast-moving rivers. are among
Gthe best systems for purifying water.  Tremendous
numbers of bacteria in streams digest sewage and other
waste, converting it into carbon dioxide and water. Un-
fortunately, man’s production of waste in advanced indus-
trial societies has far exceeded the capacity of his. rivers
and streams.

Copying nature's excellent design, man has long used a
trickling filter system to purify water. A trickling filter is
nothing more than a tower containing rock or slag, through
which polluted water can course. The filter allows aerobic
bacteria to grow, which in turn. digest waste materials.

. For optimum' operation, the flow of water-borne waste
must be controlled so as not to exceed the purifying capa-
bilities of the bacteria; adequate ventilation is needed to
assure a supply of dissolved oxygen for the microorgan-
isms. The efficiency of the filter unit depends on keeping
a healthy bacteria colony in continuous and intimate con-
tact with the water-borne waste. ’ )

Over the years, trickling filter systems have gone through

A VARIETY of single-crystal sapphires various design changes, although the basic idea has re-

4s available from Tyco Laboratories Ine. mained the same. One of the newest variations comes
Grown from a melt, the sapphires from Dow Chemical Co., Midland, Mich. Dow is supply-

will be used as a reinforcement ing a new biological oxidation medium to replace the

and insulating material. rock or slag used within the filter. Called “Surfpac,” the

Honeycomb polyvinyl chloride (below), material consists of individual sheets of thermally formed
made by Dow Chemical Co., is used polyvinyl chloride or saran plastic. Each seet is corru-

" in water purification systems, gated in two directions. The sheets, nested together for
allows greater surface area shipping, are quickly assembled into lightweight, struc-

and case of assembly. turally self-supporting modules which occupy about five

times their shipping volume. They provide an open honey-
comb of continuous surfaces on which bacteria can grow,
and over which waste water flows, without the constant
threat of stoppage.

Surfpac has a high surface area, which allows it to
handle highly organic wastes. For every cubic foot of
packing, Surfpac provides an area of 2.5 square meters
(27 sq ft). This area is completely available for active
bacterial growth and is not reduced as slimes build up.
In addition, Surfpac provides 94% voids between the
sheets and promotes natural draft ventilation to eliminate
odors associated with trickling towers.

Surfpac is about 40 times lighter than rock or slag.
Thus, self-supporting. towers can be built up to 6.3 m in
height. Towers up to 12 m can be built with intermediate
support decks. Due to its light weight, towers packed with
Surfpac can be built to much greater heights than are pos-
sible with rock or slag, greatly reducing the acreage needed
for waste treatment facilities.

A domestic sewage treatment plant in Texas, built to
handle 1-million gallons/day, was packed with Surfpac.
Capital cost of the plant was 35% less than a rock filter
plant. As an additional bonus, the plant required 55%
less area than a rock filter plant.

for further information

You can obtain further information about the materials
and applications discussed in the “Materials Applications™
section by circling the appropriate numbers on card 35 in
the inquiry card section at the back of this issue.

s-Applications is.a trademark owned by Industrial Research Inc.

INDUSTRIAL. RESEARCH—JAN 1968 35




Surfpac can be used in a number of treatments besides
that for municipal water waste:

m Organic chemical plant waste.

m Phenolic petroleum refinery waste.

s Meat-packing waste.

m Petrochemical plant waste.

a Textile waste.

» Papermill waste.

More than 20 plants using Surfpac biological oxidation
media are either operating or under construction. These
installations include both municipal and industrial treat-
ment plants. For details, citcle “1” on inquiry card 335,
Elastic ceramic displays versatility
THE MIXTURE OF LEAD TITANATE, lead zirconate, and boro-
silicate glass has produced a versatile elastic ceramic mate-
rial having a low dielectric constant and unusual elasticity.
The material, “Composition P,” ¢an be used as an encap-
sulant, dielectric, and bonding cement.

Developed at International Business Machine Corp.’s
Components Div., Hopewell Junction, N.Y., the composi-
tion’s unusual properties permit it to be used as a her-
metic encapsulant. as a dielectric substance for printed
capacitors, and a metal-to-ceramic bonding cement.

A thin barrier of Composition P seals a device against
air, moisture, and corrosive environments without adversely
affecting its electrical properties. Microelectronic devices,
such as capacitance and resistance elements, have been
* successfully encapsulated with Composition P.

The material overcomes one major disadvantage of many
encapsulating compositions. Since many of these mate-
rials have thermal coefficients of expansion differing
from those of the device to be coated—or the substrate
on which the device is mounted—microfissures tend to de-
velop in the protective coating. Devices encapsulated with
Composition P have been heated as high as 700 to 900 C
and cooled to room temperature without fissuring.

The material’s low dielectric constant—10 to 100—has
enabled its use in fabricating printed thick film capacitors.
Experimental printed capacitors changed less than 5% in
capacitance and dissipation factor during temperature
changes of zero to 100 C or during frequency changes of
100 Hertz to 100 megaHertz.

Composition P also has been used as a bonding cement
for joining metals to ceramic materials. Excellent results
have been obtained when bonding two materials with
substantially different thermal coefficients of expansion.
For example, silver ribbon can be bonded to an alumina
substrate, the respective thermal coefficients of expansion,
191 x 107 and 60 x 107, notwithstanding. For further in-
formation, circle “2” on inquiry card 33.

Glazing material gives vandals the ‘heave-ho’

VANDALISM IS 4 GROWING PROBLEM for school officials—
and for taxpayers. Boys will be boys, but the situation has
managed to get entirely out of hand. In 1965, broken
windows and light fixtures cost the School Dept. of Boston
more than $130,000. In school year 1964-65, broken glass
cost New York schools more than $930,000; Baltimore,
$128,000; Philadelphia, $222,000; and Milwaukee, $70,000.

The vandal has met his match now, in “Lexan” poly-
carbonate resin. Rocks just bounce off Lexan glazing,
made by the General Electric Co. Chemical Materials
Dept., Pittsfield, Mass.

Boston school officials, as well as those in other cities,
are finding out just how effective the Lexan glazing can
be. For example, before one Labor Day weekend, Boston’s
Paul A. Dever School exposed three types of windows to
the holiday punishment provided by local hurlers: safety
glass, one glazed with acrylic, and a third with Lexan.
After the weekend, only the Lexan window remained un-
shattered.
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TO PROVE A POINT, willing helpers
of General Electric Co. do their
best to break glass glazed with “Lexan.”

Lexan-treated glass is 250 times more impact resistant
than safety glass of the same thickness; light transmission
is 82 to 89%, depending upon sheet thickness, and the
Lexan glazing is weather resistant.

Lexan costs about six times as much as flat glass. How-
ever, the material is so vandal-proof that glazing with
other materials in high breakage areas is false economy.

Lexan's properties have led to a number of other uses:

m Transparent guard plates for table saws.

m Various laboratory equipment.

m Decorative home lighting fixtures.

Lexan also has been used to injection-mold the first
all-plastic shotgun shell cases. The material’s toughness
and heat resistance permit the cases to be fired and re-
loaded many times. One shell was actually test-fired and
reloaded 60 times. To obtain more information, circle
*3” on inquiry card 35.

Explosive withstands temperature extremes

CLEANLINESS IS ESSENTIAL to success in the planetary ex-
ploration program. In the search for life on other planets,
a vital requirement is that no microorganisms from Earth
be carried onto ‘the planet’s surface by the spacecraft to
contaminate or be mistaken for native life forms.

Complete sterilization of all flight systems is a must
in such programs as the planned Voyager landing on Mars.
The only efficient sterilization methods proposed to date
call for application of high temperatures for considerable
lengths of time. This poses problems for many tempera-
ture-sensitive items, but most particularly for the volatile
propellants needed for in-flight maneuvers.

Pyrotechnic materials tested up to now have not met the
specifications set forth by the Voyager project team at Jet
Propulsion Laboratory, Pasadena, Cal., for NASA. JPL
required that the material withstand six 92-hour cycles at
135 C without losing effectiveness. Some propellants tested
suffered mechanical failure, underwent physical changes,
or prematurely ignited.

Now a solution has been offered by Space Ordnance
Systems, El Segundo, Cal., which developed a new mate-
rial, SDX-203-HT. The compound can be sterilized at
temperatures up to 454 C without degrading properties.

As Donald J. Lewis, principal scientist at Space Ord-
nance states, the new compound permits development of
simpler spacecraft sterilization techniques. At present, sev-
eral extra operations are needed to minimize damage to
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STEREOSGOPIC
MICROSCOPE

MSF $145 -
. KOEHLER RESEARCH ILLUMINATOR %

LKR $89

POLARIZING MICROSCOPE
MPS $269

Photomicregraphy
pomuns €t ACA

BINOCULAR PHASE CAMERA
MICROSCOPE BU-13 $1580

BINOCULAR PHASE AUTO-ILLUMINATION
BPH $527

W

BINOCULAR |

BRIGHTFIELD
RESEARCH
BR-BMIC $775

LABORATORY
MICROSCOPE
MLK $191
WIDEFIELD FILAR

MICROMETER
EYEPIECE

$105 L TISSUE CULTURE
- ¥ , INCUBATOR

$399

BINOCULAR AUTO-ILLUMINATION
BMLU $414

WHY UNITRON MICROSCOPES ARE SEEN IN THE BEST OF CIRCLES

. . ity UNIT . it
Most brands of microscopes promise quality But UNITRON really delivers it | O Please send UNITRON'S Mictoscope Catalog, 817
Some other brands imply economy . . . UNITRON proves it . . . check our prices! [ 1 accept (without cost or obligation) your invitation
to try UNITRON Modet _________ for 10 days.
And a few others claim both quality and economy . . . But UNITRON is the brand that guarantees both. l
What's more, this guaranteed UNITRON quality and economy are offered in a complete line of I NAME
microscopes, to meet the routine and research needs of modern labs. Choose from brightfield, dark-
field, and phase contrast models . . . monocular or binocular . . . familiar upright or unique inverted
stands . . . with attachable or built-in cameras and illumination systems.
COMPANY
The extraordinary features of many other brands are the ordinary in UNITRON Microscopes. Com- l
plete optical and mechanical accessories are standard equipment, rather than hidden extras “at
slight additional cost”. Coated optics are second to none. Original designs provide easy operation | ADDRESS
versatility, lab-proven ruggedness and guaranteed performance. ANl of these are just routine, normal
advantages that customers have iearned to expect when they specify UNITRON Microscopes — plus | T <TATE
attractive prices which are so easy on your budget. } : i

UNITRON MEANS MORE MICROSCOPE for the MONEY. Leading labs throughout the world know U [T 0
this. It's the reason, really, why “UNITRON Microscopes are seen in the best of circles”. But why take
_our word? It's easy to prove for yourself, the advantages and value that UNITRON can offer you. Borrow
any mode! {or models) for a free 10 day trial in your own lab. No cost . . . no obligation to buy INSTRUMENT COMPANY » MICROSCOPE SALES DiV.
... not even any shipping charges. Why not use the coupon to ask for a free trial, the chance to try 66 NEEDHAM ST. NEWTON HIGHLANDS 61, MASS.

before you decide whether or not to purchase. Or, ask us to send a catalog that will give you full details.

See inquiry card 37.
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"DESIGN INNOVATIONS THAT MEET
YOUR ENCLOSURE REQUIREMENTS
® artful design idea o
and so many fine

features at a
modest price

i
CABINETS

® control cabinets
have never been
in better shape

CABINETS

Two New models that present unusual advan-

tages to builders of instruments and control

systems. These are just part of the all-inclusive

line of enclosures made by BUD. Available at

more than 400 Electronic Distributors all over

the nation. Literature is available on request.
your product Belongs in a BUD cabinet.

BUD RADIO, INC.

Willoughby, Ohio v 44094

See inquiry card 38a.

PERECO
INVERTED PIT FURNACE

Close
Thermal
Gradients
to
2750°F
(1500°C)
Specials to
2912°F (1600°C)

Motorized
Elevating
Hearth

Model
IPM-191931

This Pereco motorized inverted pit furnace (Model IPM-191931) was
expressly developed to handle such work as glass meiting, sintering,
etc., where the type of material processed requires careful loading
procedures, as well as close thermal gradient at temperatures to
2750°F (Specials to 2912°F). Silicon carbide heating elements are
equally positioned on the four walls of the 197 x 197 x 317 work
chamber. The interchangeable caster mounted plug-type doors facili-
tate loading and unlfoading work onto the power lift and serves as
hearth. Also available with manual lift in other smaller sizes, tem-
peratures and choice of controls.

Write today for complete details.
Or tell us of your specific needs.

PERENY EQUIPMENT CO., INC.

893 Chambers Road, Dept. Y, Columbus, Ohio 43212
See inquiry card 38b.
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electro-explosive devices. Now the spacecraft conceivably
could be completely sterilized in one operation. For more
information, circle “4” on inquiry card 35.

Melt-grown sapphire crystals

SAPPHIRE, besides being a favorite adornment of women,

has intrigued scientists with its unique optical and physical

properties. It is a high-modulus, high-strength, dielectric
material. To date, scientists have worked with sapphire
(aluminum oxide) whiskers to take advantage of these
properties. -

To exploit these properties fully, a way was needed to
make a continuous-length single-crystal sapphire. Tyco
Laboratories Inc., Waltham, Mass., has done just that.

Tyco. “grows” its continuous sapphire filament from a
melt. Growth of the crystal proceeds along the c-axis (op-
tical axis) for maximum strength and uniformity. The
process can be used to grow filaments as well as other
shapes and can be applied to other oxides and materials.

The most obvious use for the filament is to reinforce
both plastics and metals. Sapphire is chemically inert, re-
sistant to oxidation, and has high temperature strength.
Metal composites having these properties would serve for
prolonged periods at high temperatures. Both-boron and
graphite filaments also have high strength-to-weight ratios
and are suitable for such composites. Both, however, are
more reactive towards metals than sapphire. ’

The new continuous filament has strength properties
approaching those of boron—the only filamentous, high-
modulus reinforcing material available in substantial quan-
tities. Filaments of sapphire show average tensile strength
values of about 300,000 psi, going as high as 500,000
psi. Modulus of elasticity is about 50-million psi. A. L
Mlavsky, vice president of Tyco, told Industrial Research,

““Further development of the process will lead to filaments

having properties comparable to those of sapphire whiskers
—namely, tensile strength in the range of 1 to 2-million
psi and a modulus of about 70-million psi.”

Tyco’s development opens the door to a number of
uses in military, industrial, and research areas:

a Sapphire’s crystallography is such that it may be used
as a substrate for silicon in the fabrication of an entirely
new generation of integrated circuits.

s Ruby—a chromium-doped aluminum oxide—also can
be made by the same process. Thus, the construction of
newer, more efficient lasers is possible.

w The sapphire filament’s transparency, over a wide
range of wavelengths, makes it potentially suited for use
in specialized fiber-optic devices, especially in high-tem-
perature environments.

m Sapphire is an excellent insulator and can be used
for making nonmetallic structural units such as radomes,
which must be transparent to radio signals. Glass and silica
fibers can also be used in such radomes; however, these
materials have a modulus of about 10- to 12-million psi.

Both Tyco and the Air Force Materials Laboratory,
Dayton, Ohio, are working on growing other crystals with
the new process. For details, circle “5” on inquiry card 35.

Transparent-opaque storage/display ceramic

A “NOW-YOU-SEE-IT-NOW-YOU-DON'T” approach to informa-
tion storage and display appears possible through the use
of thin polished plates of certain ferroelectric ceramics
which exhibit unique optical properties. Hot-pressed lead
zirconate-lead titanate ceramics have received principal
attention, although barium titanate and sodium potassium
niobate also show promise.

As voltage is applied to these materials, their polariza-
tion is altered, thus affecting their ability to transmit light,
which propagates faster in the direction aligned with the
applied voltage. Thus, an initially isotropic material now




of flat fields

Here's an “x-ray’ of a sensational optical breakthrough that makes
Bausch & Lomb first with truly flat fields, priced competitively with con-
ventional, achromatic systems. Now you can afford flat, edge-to-edge
images by specifying Dynazoom® of Dynoptic® Flat Field microscopes.
Such performance cannot be matched for anywhere near the Bausch
& Lomb price. But—let your own eyes decide. We can arrange for you
to try a Dynazoom in your own laboratory. Meanwhile, we will send you
the deluxe Laboratory Microscope brochure, 31-185, and an indexed
reproduction of the 21-jewel rendering. You’ll want to display it in your
office or use it in your classroom. Just write Bausch & Lomb, 93001
Bausch Street, Rochester, New York 14602.

See inquiry card 39.
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fuses sapphire to ceramic
to look into a vacuum —
and endure 1200°C.

One of our customers needed a window probe —to
look into the vacuum of a unique linear accelerator.
We came up with a sapphire window glaze-bonded
into a hollow aluminum oxide cylinder. lt's vacuum
tight. It can withstand repeated temperature cycling.
And most significant—it can endure 1200° C for sev-
eral hundred hours. That's much higher than any
current braze will go.

That's also a sample of our ceramic-to-sapphire

technology. We have been in this specialized busi-

ness of bonding ceramic-to-metal and ceramic-to-
sapphire for 13 years.

We also make a series of .catalog items —sapphire
optical window assemblies. Our CS-5000 and CS-
6000 series will fit any vacuum mounting flange.
The CS-7000 series provides necessary stress relief
for large diameter windows: for most general appli-
cations our CS-8000 will serve.

The most complete spectrum from infrared to ultra-
violet is available to you with our sapphire windows.
Try 90% transmission from 0.3 to 4 microns, for
example. It's worth looking into.

EIMAC
Division of Varian
San Carlos, California 94070

Write for our new brochure on advanced ceramic/metal seais.
See inquiry card 40.
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exhibits birefringent behavior; that is, the ceramic now
has two refractive indices, one aligned with the voltage and
the other at right angles to it.

Researchers at the Sandia Corp., Albuquerque, N.M.
have been investigating two versions of these materials.
In coarse-grained samples, the birefringence is hidden by
scattering of the transmitted light. But if the grain dimen-
sions approach the wavelength of light, the material’s bi-
refringent character becomes apparent when it is viewed
in plane-polarized light.

If a small area of a coarse-grained sample is aligned at
a right angle to its major surface, light striking the surface
at the same angle is scattered in a narrow central beam,
and the area appears transparent. But if the same area is
switched parallel to the major surface, light transmitted
in the central beam is greatly reduced and the area ap-
pears opaque. :

This mechanism is the basis for a new optical memory
system. Sandia has constructed a 256-bit prototype which
has a storage density (5,120 bits/in.?) about five times
that of conventional memories.

The fine-grained memory, a ceramic which is sand-
wiched between two crossed polarizers, also relies on the
switching of small areas between electrodes to control pass-

- age of light to a photodiode. However, it acts as a light

filter, rather than as a shutter.

Transmitted light intensity depends on the angle at
which voltage is applied from electrode to electrode. Thus,
each bit location can be set in a number of different states:

The microscopic domains are switched parallel to the
major plate surfaces and the material’s state is determined
at each bit location by the angular orientation of the poling
direction with respect to the direction of the plane po-
larizer. ' ,

One version of this fine-grained memory has been de-
signed to store any one of eight possible states.

Because the ability of the ceramic to retain its switching
properties over billions of cycles is still in question, appli-
cations having limited cycling requirements will receive
initial attention. For further information, circle “6” on
inquiry card 35.

Thixotropic lubricant-coating

WAR 1s HELL — on men and equipment. The extremes of
temperature, humidity, and the abuse of combat always
exact their toll on the machines of war.

The Naval Research Laboratory, Washington, set out
to find a material that would protect equipment .and
small arms from these exiremes. The need was for a
material that would form a continuous, wax-like coating
on metal, a material that could withstand salt- and fresh-
water immersion and also be impervious to airborne
moisture.

The coating also had to exhibit latent thixotropy, so
that under the heat or pressure of use it would transform
instantly into a fully liquid lubricant, then revert to its
wax-like protective state after use. As if these requirements
were not enough to make the best materials researcher
blanch, the coating also was required to resist the abrasion
of handling under field conditions.

Finally, NRL hit on a formulation for its preservative-
lubricant. The formulation is based on tetrapropenylsuc-
cinic anhydride, water, lubricating grade oil, n-heptane,
ethanol, and an oxidation inhibitor. Added to this basic
formula is “Kemamine P-190,” an arachidylbehenyl pri-
mary amine, made by HumKo Products, Chemical Div.,
White Station Tower, Memphis, Tenn. The primary amine,
90% in the Cyp to Cs range, enables the compound to
undergo the transition from coating to {ubricant and back
to coating. For further information, circle “7” on inquiry
card 35.—KENNETH A. KovaLy, EASTERN EDITOR. m



the Heath “700” Scanning Monochromator...
just $1195...reserve yours now!

% others coming in 68

e UV-VIS Source module

« Sample Cell module

¢ Photomultiplier module

o Log-Linear Current module
e Photographic module

« Atomic Absorption/Fluorescence/
Flame Emission module

New Design Concepts

e Digital Operation . . . through unique
digital scanning system, wavelength
drive of the “700" is easily programmed
and synchronized to chart recorder.

e Modular Versatility . . . the “700” is
- one of the basic building blocks of an
integrated series of mpdules for spec-
troscopic techniques . . . each features
open-ended design for your modifica-
tions. :

e Optimum Performance . . . precision
where it counts in optics, mechanics,
electronics . . . example: the “700" has
better than one  Angstrom resolution
and = one Angstrom tracking accuracy.

e Low Cost . . . in keeping with the
Heath philosophy of optimum value, you
get more performance per dollar in-
vested.

RESERVE YOUR “700” NOW

Orders will be filled in
sequence of reservations

Return coupon to indicate your
requirements. No purchase order
necessary until we have. con-
firmed your delivery date. You
may cancel your reservation if
desired. :

S ——

———————————————————— HEATH g
HEATH COMPANY, Dept. 560-05

Design Features Of The Heath “700”

e Precision Optics; Czerny-Turner type, 350mm, /7. Blazed 30,000 line grating,
UV-VIS zero order to 10,000 Angstroms first order; ground, coated mirrors;
1 Angstrom resolution e Electronic Scanning Control; remote control unit; 9
fixed -rates to 20 Angstroms/Sec.; variable from external sources; integrated-
circuit digital pulses control wavelength drive in 0.1 Angstrom steps; bi-direc-
tional slewing at 5,000 Angstroms/min. e Recorder Readout; “700" syn-
chronizing pulses electronically lock Heath Chart Recorder to wavelength
drive for direct readout in Angstroms/inch, any scan rate; 12 ratios e High
Mechanical Stability; precision base castings; tracking = one Angstrom; exact
alignment e Variable Slit Width; bilateral slits symmetrical to optical axis;
ganged entrance and exit slits; readout directly in microns on 4-digit counter
e Purgable with dry nitrogen; extends range below 2,000 Angstroms in UV
region e Versatile; precision face plates each side accept sources, cell compart-
ments, other modules ® Auxiliary Programming; accessory limit switches can
program scanning to desired ranges ® Low Cost; cost per use ratio so low that
multiple installations are easily justified; the “700" costs just $1195; accessory
modules are proportionately low in cost.

Examples Of Heath’s Modular Design
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Single Beam Spectrophotometer Atomic Absorption, Fluorescence &

Flame Emission Spectrophotometer

The Heath 700" Monochromator is a basic module of these and a whole series
of future instruments. Accessories shown will be available in 1968. The EUW-
20M recorder is available now. This modular design assures research-quality
performance, low cost, state-of-the-art equipment, and encourages modification
to your exact needs.

Benton Harber, Michigan 49022

{J] Please reserve Heath 700" Monochromators for earliest delivery.

{quantity)
[ Please send free data sheets.
Name
Company
Address
City State Zip

Prices & specifications subject to change without notice.
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See inquiry card 41.
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MATERIALS BRIEFS

easy-to-handle
‘paper’ whiskers

WHISKER PAPER. Whiskers in an easy-
‘to-handle paper form are available
from Thermokinetic Fibers Inc., a
subsidiary of General Technologies
Corp., Reston, Va. The whisker paper
is a felted mass of fine single-crystal
fibers constructed so that whiskers
are randomly oriented in the X-Y
plane. A number of whisker types, in-
cluding silicon carbide, sapphire, sili-
con nitride, and nickel-coated sap-
phire, is available. Circle “8” on in-
quiry card 35 for more details.

POLYCRYSTALLINE CERAMIC. “‘SPN”
(sodium potassium niobate) converts
electrical energy into mechanical en-
ergy—or mechanical energy into elec-
trical energy-—in advanced electronic
circuits.. SPN can be cut into thin
sections to produce high-frequency ex-
tensional or shear mode transducers.
Offered by Bausch & Lomb, Roches-
ter, N.Y. ,the ceramic exhibits rela-
tively low dielectric constants, high
radial coupling coefficients, .and op-
erates over a wider range of tempera-

tures than other piezoelectric mate-

rials. Circle “9” on inquiry card 35
for further information.

SPRAY-ON COPPER. “XP 1159 powder,
a new engineering material, when
melted and sprayed onto a smooth
ceramic or glass, produces a highly
conductive copper coating. The mate-
rial is a mixture of 75% high-purity
copper and 25% glass frit. The cop-
per wires soldered to the coating with-
stand a pull of over 760 psi. Metco
Inc., Westbury, N.Y., developed the
coating. For more details, circle “10”
on inquiry card 3S5.

SAPPHIRE ETALON, High laser peak
powers, together with decreased line
width and beam divergence, greater
durability, and reduced scattering loss
now are possible with an improved
sapphire etalon available from the
Crystal Products Dept. of Union Car-
bide Corp., New York. The material
exhibits an absence of scattering sites
and crystallographic misorientations of
the order of minutes, compared to de-
grees of misorientation in conventional
" Verneuil sapphire. Circle “11” on in-
quiry card 35 for more information.

“TEFLON” PANELS. Du Pont’s newly
developed “Teflon-S” surface finish is
now supplied on “Chemfluor” anti-
stick panels produced by Chemplast
Inc., Wayne, N.J. The panels can be
used for chutes, bins, troughs, and
other production equipment . The tough
Teflon surface resists scratching, abra-

Does 3 gamma dose ral
0/ 10" Rads per Second
OF elecIFon energy of
600 joules i

20 NaN0Seconds

nferest you?

If it does, talk to Physics International.

Our smaliest Pulserad 310 simulator produces that.

Today, engineers, physicists and life scientists in all disciplines are
critically interested in the effects of massive radiation on organic substances
and inorganic materials as well as systems of all kinds.

Physics International’s Pulserad high energy pulsed radiation simulators,
consistently produce the highest dose rates ever attained . . . leading the
state-of-the-art. They provide the ideal laboratory capabilities in all
disciplines for the evaluation of radiation effects.

The five models of Pulserads produce 2MeV to 10MeV pulses of 20-40
nanosecond duration. Gamma, X-ray, electrons or neutrons can be
produced as desired. The modular design of Pulserad simulators creates
a high degree of reliability. Units currently in use have produced well
over 1,500 pulses . . . without replacement of the tube.

A number of options are available for the purchase and installation of
a 'Pulserad in your facility. Model 310 Pulserads may be traded-in on
larger models when desired. Three different Pulserads are operating

in our San Leandro headquarters and time can be rented on them for
testing. Write or telephone the Marketing Manager today for detailed
literature and full information.

2 MeV Pulserad 310 Performance

ELECTRON OUTPUT
Peak current (amps) 20,000
Pulse length (nanoseconds) 20
Energy (joules/pulse) 600
Energy density (cal/cm2) 100

X-RAY OUTPUT

Pulse length (nanoseconds) 20
Dose per pulse (Rads)

At external anode 7,000

At 12" from anode 40

PHYSICS INTERNATIONAL GOMPANY

2700 Merced Street + San Leandro, California 94577
Phone 415/357-4610 « TWX: 910/366-7033

See inquiry card 43.
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TWO NEW )
CHERRY

PRECISION SWITGHES
New "snap,/reed switch

Mechanically actuated reed switch combines
reed reliability with snap switch utility

A completely new conceptin switching
low energy circuits, the Cherry E-66
Series ''Snap/Reed’ switch utilizes
proven coil spring snap action move-
ment to position magnets, providing
a positive push/pull drive of sealed
reed contact to open or closed posi-
tion. High reliability, long life, low
bounce time, makes E-66 well suited
for wide range of applications.

Maximum Resistive Loads—
28 Voits D.C.
110 M.A.
3 Watts -

Insertion Resistance—
150 Milliohms Maximum
E-66-00A Basic Switch

Switch body measures 1.335” x .550"
X .642",

NEW MATRIX
SELECTOR SWITCH

Cherry's new Matrix Selector Switch
puts from 100 to 2780 switching posi-
tions at your fingertips. So compact,
one hundred switching positions are
accommodated in 10 sq. in. of panel
area. Printed circuitbogrd with push
on edge connectors eliminates costly,
time-consuming soldering, Ideal for
rapid, manual programming of test
equipment, machine tools, EDP sys-
tems—any device or system requiring
frequent manual programming
changes with high visual clarity.
Choose from eleven standard models
with from 100 to 2780 switching
positions.

WRITE TODAY FOR FULL DETAILS

CHERRY

CHERRY ELECTRICAL PRODUCTS CORP.

1676 Old Deerfield Road
\ Highland Park, lllinois 60035 J

See ingquiry card 44a.
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sion, and permits quick release of
sticky materials. Circle “12” on in-
quiry card 35 for more details.

INTERMEDIATE RESEARCH CHEMICAL. A
unique triene— bis-cyclohexenyl-ethyl-
ene—has been developed by Phillips
Petroleum Co., Bartlesville, Okla. BCE
is a colorless liquid, has a molecular
weight of 188.3, a boiling point of
117.8 C (at 3.5 millimeters of mer-
cury) and a specific gravity of 0.919.
The product may be useful as an in-
termediate for plasticizers, synthetic
fibers, polymers, and fungicides. For
more details, circle “13” on inquiry
card 35.

Thoria EXTRUSIONS. Tiny extrusions
of thoria, with inner diameters of 0.02
cm, are being produced by Zirconium
Corp. of America, Solon, Ohio. A

full range of extruded, slip-cast, and -

pressed shapes is available for elec-
trical circuit hardware subjected to
high temperatures, as well as for com-
ponents for high temperature fuel

cells. Circle “14” on inquiry card 35-

for further details.

HexANE-HEPTANE. Signal Oil & Gas
Co., Houston, has started to supply
commercial quantities of 95% pure
n-hexane and n-heptane. Greater spe-
cific solvency and higher average mo-
lecular weights of the solvents should
make them useful in making adhesives,
specialized printing inks, drugs, and

rubber. Higher yields in test poly-"

merization also are gained with the
pure solvents. Both of the solvents
meet the nonpollutant requirements
of Los Angeles’ “Rule 66.” For fur-
ther information, circle “15” on in-
quiry card 35.

METAL-DEGASSING DETERGENT. A new
detergent concentrate is available from
Kern Chemical Corp.,, Los Angeles.
“DeContam” can be used for rapidly
degassing metals under ultrahigh vac-
uum, degreasing and cleaning compo-
nents, cleaning all laboratory glass-
ware, and for decontamindting appa-
ratus used in radioactive experiments,
as well as the skin of operators. No
traces of film are left after rinsing.
Circle “16” on inquiry card 35 for
more details.

TUNGSTEN MESH. A tungsten wire
mesh is available from Richard D.
Brew & Co., Concord, N.H. Originally
developed and tested to provide heat-
ing elements for high-temperature vac-
uum furnaces, tungsten wire mesh is
an excellent material where strength
and the ability to withstand tempera-
tures up to 3000 C is needed. For
further information, circle “17” on
inquiry card 35. ’

SiLYLATION KIT. Thermally stable and

If the
heating system
you want hasn't

been built yet...
build it!

It's simple —with Lindberg Hevi-Duty
building blocks of heat. These flex-
ible, low-cost elements can be as-
sembled in countless ways.

They're perfect to heat piping
systems where liquids must be kept
at constant temperature. Or for spe-

- cial lab requirements that don't
justify a furnace. Or where there
isn't a furnace to do the job.

They have excellent capacity. High
watt density. 1000° or 1200° C. Con-
trol them manually, or automatically.

They're available from leading lab
dealers in sizes, shapes, and lengths
to fit your projects.

Write for bulletin 50910, 2450 W,
Hubbard, Chicago, lllinois 60601.

r—

LINDBERG HEVI'DUTY [=]

—
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See inquiry card 44h.
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If you really want to make
some money,
move to Massachusetts.

Texas Instruments did.

And made (among other things) the copper and nickel sandwich
that is minted into quarters and dimes. Added 110,000 square
feet of manufacturing space in Massachusetts in 1966. Increased
employment Here by 50% in the past four years.

Why Massachusetts? Maybe it's the co-operative work force —
unmatched among industrial states for its varied skills

and adaptability.

Or the schools, research complexes, transportation network.

If Texas Instruments — like thousands of other companies —
found a good deal here, you could too. Phone (617) 727-3208,
or write Massachusetts Dept. of Commerce & Development,

100 Cambridge Street, Boston, Mass. 02202, Dept. IR-2.

See inguiry card 46.
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volatile trimethylsilyl or dimethylsilyl
derivatives of polar compounds may
be produced using the new “Poly-5Sil
Kit.” The kit is offered by Pierce
Chemical Co., Rockford, 1ll. Silylated
derivatives have exceptional merit in
gas chromatography, mass spectrom-
etry, and in thin-layer chromatography.
Circle “18” on inquiry card 35 for
more information.

POURABLE SILICONE RESIN. A new,
white pourable silicone resin system
will. cure at room or high tempera-
tures to a flexible material, and' does
not lose its flexibility after prolonged
exposures to temperatures of 230 C.
“Eccosil 4851,” made by Emerson &
Cuming Inc., Canton, Mass., is use-
ful for potting, encapsulating, and
mold-making. Eccosil 4851 is made up
of 100% reactive silicone resin with
an inert filler that minimizes shrink-
age and enhances physical strength.
The system contains no solvents. Cir-
cle “19” on inquiry card 35 for data.

FiBer opTics. Coherent fiber optic
bundles that can withstand tempera-
tures up to 260 C are available from
Bausch & Lomb, Rochester, N.Y. The-
fiber optics are available in connect-
able sections, and are fitted with stand-
ard threadings for screw-type outlets.
Bundles range in length up to 1.2 m
with good resolution. Circle “20” on

_inquiry card 35 for more details.

HiGH PURITY CHEMICALS. Barium nio-
bate, strontium niobate, and calcium
niobate are available with less than
10 ppm total impurities (with the ex-
ception of tantalum).- Tantalum con-
tent is less than 100 ppm. Particle
size is in the range of 4 to 12 microns.
The materials have been developed by
Electronic Space Products Inc., Los
Angeles. For further information, cir-
cle “21” on inquiry card 33.

LiQuip FLuorocarBoN. Perfluorocy-
clopentene, a new cyclo olefin, is of-
fered by Pierce Chemical Co., Rock-
ford, Ill. The olefin, with a boiling
point of 27 C (80 F), offers inter-
esting possibilities for further synthe-
sis of chemical compounds and poly-
mers stemming from its double bond.
It may be useful in making materials
with high chemical and thermal sta-
bility. Circle “22” on inquiry card 335
for more details.

HIGH-TEMPERATURE  OIL. A rugged
new synthetic polyol ester lubricating
oil has shown exceptional high-tem-
perature stability. The new oil, “Nye
Instrument Oil 610,” is an excellent
candidate for situations where con-
tinuous service above 95 C is involved.
The oil is offered by William F. Nye
Inc., New Bedford, Mass. For further
data, circle “23” on inquiry card 35. m

See inquiry card 47.)




daap susjumadAy g 1noge
«Yl3

--—-—--—1

about 3} typewriters wide

photo studioinyour lab.

You won't have to move anything
outof your lab or office to make room
for our photo studio. And you won't
have to steal any extra space from
the guy next door. :

Just put the Polar-
oid MP-3 Industrial
View Land Camera
down on a desk top.

And start peeling off §
finished prints.

Black and white
photomicrographs,
macrophotographs, S8
close-ups, line copy slides, prints of
artwork, X-ray copies, infrared pic-
tures, and originals of almost any
subject in 15 seconds.

Full-colorfinished printsin 60 sec-
onds.

Black and white 4 x 5 prints and

negatives that developin20seconds.

And continuous tone slides in 2
minutes.
You can make them all with our

$824 photo studio. For only $666,

you can get a sim-
pler setup. Or, for
$1,264 you can get
a complete set of
extra lenses and
attachments and do
even more.
Whichever you
choose, there's no
: extra charge for a
darkroom, becausea Polaroid photo
studio doesn't need a darkroom.
For more information, write to In-
dustrial Marketing, Department 32,
Polaroid Corporation, Cambridge,
Massachusetts 02139. And-then
start clearing off a desk.
Polaroid MP-3 Industrial View Camera

Polaroid®

If you can spare this much space
and $824,you can have acomplete




CONSIDER COLORADO [ INDUSTRIAL COLORADO

...where you have your choice of weather. For business or pleasure.
For golfing or skiing. For living or traveling. Onthe plains or in the mountains.
All year-round. ,

Consider Colorado’s climate variety. Variety that makes Colorado *“Ski
Country, U.S.A.” only in the mountains. Commercial centers on the State’s
eastern and western plains and plateaus with less snow and warmer winter
weather than most northeastern and midwestern cities.Towering Rockies
that liftand cool moisture-laden prevailing winds from the Pacific, producing
precipitation in the high country. Air that is warm and dry when it reaches
the lower elevations.

Consider the effect of Colorado’s climate on business and recreation.
Good visihility and favorable weather conditions keep people and products
moving on schedule. Stapleton International Airport open for operations
99.869%, of the year (closed less than 13 hours annually). The vast majority of
Colorado highways open every day of the year. Absenteeism due to adverse
weather conditions almost nil. Power outages due to climate conditions near-
ly nonexistent. Ski season from December to May in the high country. Golfing
300 days a year in most Colorado cities. Businessmen and shoppers on Colo-
rado streets without topcoats in mid-winter. Summers with low relative hu-
midity and cool, pleasant evenings that are comfortable even without air
conditioning.

|Ifaclimate favorable toindustry and pleasantlivingcan be advantageous
to your business, consider Industrial Colorado for your expansion or re-
location.

To paraphrase a familiar song
“The snow in Colorado stays
mainly in the mountains.” It ac-
cumulates on the ski slopes and
watersheds, but it melts quickly
- at lower elevations and business
activities are carried on Unham-
pered by weather. Write for a
complimentary copy gf Industrial
Colorado, a revised-to-the-min-
ute, factual, spiral-bound port-
‘folio. It covers important
considerations pertinent to plant
expansion or relocation in any
part of the State. Address in-
quiries to Ronald D. Lemon, Di-
rector. Industrial Research &
Development, Division of Com-
merce and Development, 59
State Services Building, Denver,
Colorado 80203.
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Would you
believe
0.005 Vv
sensitivity?

POR  arrrinn & SDRTS oo
L 2838 CHARGES MERDYOLT BEUSIOR

— _ —
With the new Leeds & Northrup 9838

Guarded Nanovolt Null Detector, you

can utilize the full potential of your

highest precision potentiometers and
bridges. Each 2-mm scale-division of

this new solid-state detector can resolve

5 nanovolts at low source resistances

and less than 30 nanovolts at 1,000

ohms.

But sensitivity is only one of the ad-
vances that make the 9838 an out-
standing detector. Some others:

® Low noise...less than 10 nV
peak-to-peak at 300 ohms source re-
sistance.

® Superior a-c rejection: common-
mode rejection greater than 10%:1 (160
db), normal-mode rejection greaterthan
10%:1 (80 db).

® Zero stable to within 30 nano-
volts (noncumulative) after one hour
warm-up.

® line or battery operation...8 to
12 hours operation, or more, on its
internal, rechargeable battery.

The 9838 is available in either a
bench-top or panel-mounted. version. .
Its human-engineered design and at-
tractive price of only $880 make this
new null detector the ideal addition to
your lab. .

For more details, write to Leeds &
Northrup Company, 4941 Stenton Av-
enue, Philadelphia, Pa. 19144.

L

LEEDS & NORTHRUP

Philadelphia » Pioneers in Precision
See inquiry card 48.



CHIcAGO—An instrument for
practically every need might well
be the theme of the exhibits at
the annual meeting of the Amer-
ican Physical Society/ American

-Association of Physics Teachers

Jan. 29 to Feb. 1.

Some 9,000 physicists attend-
ing the four-day conference at
the Palmer House in Chicago
will see such advances as:

m A nuclear physics labora-
tory for student experiments at
small universities.

m A modular photometric sys-
tem that allows small light sig-
nals to be detected and meas-
ured in the presence of “noise.”

@ An image scanning instru-
ment that can scan a photo-
graphic negative or positive print
in six minutes—presenting mi-
nute changes in density and
brightness as density contours.

8 A new precession tool for
faster data collection in x-ray
crystallography.

-Approximately 650 papers will
be delivered at the American
Physical Society sessions, while
50 papers are planned by the
American Association of Physics
Teachers. o

One highlight of sessions will
be a separate meeting devoted
to a discussion of a proposed
amendment to the APS constitu-
tion. '

In recent months several APS
members have suggested that the
American Physical Society en-
courage discussions of public is-

- sues at its meetings ‘and in its

publications.

This proposal would allow the
membership at large to vote on
issues concerning the society.

A few of the more significant

~innovations to be displayed at

the meeting appear in the fol-
lowing pages. For additional in-
formation about the products,
circle the appropriate number(s)
on inquiry card 49.

ADVANCE CONFERENCE REPORT

attendees at the annual meeting
of the the American Physical Society
will be cast in the madst of . . .

innovation and
public concern

Cotedfprs Znllir,
Comondsek L 4957
¢ ?
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VAN DE GRAAFF accelerator, manufactured
by High Voltdge Engineering Corp., affords
relatively inexpensive means for conducting
nuclear research in the university (top).
Eastman Kodak Co. will feature ultraviolet
spectrography film pictured at center;
beads (visible in photo) prevent

the photographically active surfaces

from touching while stored on reel.

At bottom, “Image Quantizer,” a product

of Technical Operations Inc., of fers

200 line/inch density profiles of photos

and radiographs. A profile of a chromosome
is presented (lower) along with

the photomicrograph from which it was taken.

[1] ALTHOUGH NUCLEAR PHYSICS
is one of the more exciting and
intellectually stimulating fields
of experimental research, it has
been taught with laboratory
courses that probably are the
most pedestrian of all modern
science. .

Previously only large installa-
tions with major research facili-
ties costing millions of dollars
could provide the facilities for
meaningful experiments in nu-
clear physics.

Realizing the existing need for
physics students even at small
universities to experiment with "
the atom, High Voltage Engi-

<neering Corp., Burlington, Mass.,

will display its small-scale nu-
clear physics laboratory. The
workshop, which was introduced
this fall, contains classroom
courses, detailed experiments,
and a particle accelerator.

With the course, explains Dr.
William. Bygrave of High Volt-
age’s Accelerator Div., students
can extend their learning beyond
textbooks. They can repeat, in
a few minutes, the scattering ex-
periment that took Sir Ernest
Rutherford hundreds of hours.
Or in a four-hour experiment,
the lithium atom can be split.

When the course is complete,
Bygrave adds, students should
be prepared to undertake useful
research on any accelerator.

The teaching package com-
pleted two years of experimental
operation at Georgetown Uni-
versity where tests and course
work were outlined for the labo-
ratory handbook.

The “laboratory” consists of
a 400-kV Van de Graaff ac-
celerator, targets, radioactive
sources, radiation detectors, and
associated electronic gear that
can be installed into a 2.7- x 6.6-
meter room in about 10 days.
Price, including installation, is
less than $50,000.

INDUSTRIAL RESEARCH—JAN 1968 49
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Cleans
| thermocouples

1465

- Cléaning the cut-off end of thermocouple

assemblies used to be a picky, finicky chore,
which took several minutes. It is now done
with a two-second pffffft.

Airbrasive, that’s the answer. Directs a jet
of finely graded abrasive particles very pre-
cisely for shockless, heatless cutting, abrad-
ing, drilling. ; ’

Less than $1,000 sets up a unit for cleaning
thermocouples, dicing germanium, stripping
potentiometers, cutting silicon wafers. Indeed,
whenever you have to cut, drill, trim, abrade,
or surface any hard, brittle material, you
should look into Airbrasive.

Write, and we’ll demonstrate in your plant
or laboratory. )

S. S. WHITE COMPANY, INDUSTRIAL DIVISION, Dept. 48,
201 East 42nd Street, N. Y., N. Y. 10017. Tel 212 661-3320

\é’?/ S.S.WHITE

See inquiry card 50.
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[2] HoLoGrRAPHY and laser advances
will occupy an increasing number of
booths at the physics show this year.

A new low-priced holographic cam-
era system, for example, will be high-
lighted by Optics Technology Inc.,
Palo Alto, Cal. The Model 215, which
has been in the development stage
for the past two years, is priced at
$1,995.

The system is so precisely engineered
that the stability difficuities previously
encountered in holographic experi-
ments have been removed.

Stability is critical because move- -
ments of more than a fraction of a
wavelength in front-illumination holo-
grams, and smaller movements in re-
flection holograms, cause blurring.

To improve stability, the camera is
insulated against vibration by a rigid
platform, rubber foam padding, and
rubber-tipped feet.- A Michelson in-
terferometer is built into the unit to
measure stability.

Critical handling of the camera’s
reference beam is achieved without
sacrificing versatility. All optical com-
ponents of the system are spring-
loaded for easy movement.

[3] ALuMINA CERAMIC optical flat
spacers for increasing the reflectivity
from laser resonant reflectors will be
shown by Adolf Meller Co., Provi-
dence, R.I.

By inserting a Meller spacer be-
tween two sapphire etalons (resonant
reflectors), 60 to 66% reflectivity can
be achieved. An array of four etalons
with three Meller spacers yields about
96% reflectivity.

The spacers, machined from Luca-
lox, a 99.9% pure alumina ceramic

| with physical properties closely match-

ing sapphire, are lapped flat to 1/10
wavelength and parallel within one

~arc second. This close tolerance fabri-

cation, the company explains, insures
uniform and maximum performance.
Even at 1900 C, the spacers remain
stable. -

[4] LASER BEAM MODULATOR, costing
less than $400, will be among the sev-
eral instrument innovations to be in-
troduced at the physics show by Iso-
met Corp., Palisades Park, N.J.

The EOLM-400 combines Isomet’s
technology in crystallography with
modern assembly techniques—result-
ing in a modulator with performance
characteristics of higher priced models.

Optical bandwidth of the EOQLM-
400 is from 200 to 2,000 nanometers
—with the capability of handling op-

-tical power approaching the same

levels as the Isomet line of Q-switches.

Operating in the longitudinal mode,
the modulator provides ease of in-
stallaticn and alignment in a compact
overall 6.4 x 4.5 cm package.




The new AO
StereoStar/Z00OM
Microscope

gives you high
resolution,

new convenience,
superior optics

and wide
maghnification
range.

Here are a few of the outstanding
advantages that make the new AO®

StereoStar/ZOOM Microscope the

finest instrument of this type avail-
able today:

B Widest total magnification range:
3.5-210X M High resolution to meet
the most exacting needs l The most
convenient zoom control available
B Choice of five interchangeable,
rotatable zoom power bodies M Crisp,
sharp images at all magnifications
B Extra large field of view and high
eyepoint eyepieces ll Wide choice of
stands for every purpose B Long
working distance Il Even illumina-
tion over the entire field M Coolest
operating illuminator.

See for yourself. Contact your AO
Sales Representative for a demon-
stration, or write for our 24-page,
full-color brochure on the newest in
stereo microscopes—the AO Stereo-
Star/ZOOM.

® TM Reg., American Optical Co.

AO INSTRUMENT
COMPANY
BUFFALO, NEW YORK 14215

Formerly Instrument Division of

AMERICAN OPTICAL COMPANY
See inquiry card 51. :
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Our new FX-15-S system is in a classification all its own: 1 MeV
max.-for $19,500. (That's about 2¢ a volt, if-you're inclined to
comparison shop.) The pulse width isn't too bad either.

This is the ideal small system for pulse radiolysis, biomedical
research, radiation effects studies, and flash radiography. X-ray
dose at the anode is 50 rad. Electron flux at 5 cm is 50 joules
per square.cm.

And here are some of the bonuses, Excellent reproducibility of
radiation output (= 3%) and beam position (0.1 cm). Repetition
rate of several shots per minute. Conversion from electrons {o
X-rays in less than 30 minutes. Reliability derived from over

20 years' experience in high voltage technology. Low maintenance
and operating costs due to inherent simplicity of design.

There is more — written in the FX-15-S specifications, which are
yours for the asking. Be assured our papers are in good order.

ION PHYSICS CORPORATION

A subsidiary of High Voltage Engineering Corporation, Burlington, Mass., 01803
See inquiry card 52.
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[51 MODULAR PHOTOMETRIC system
that allows small light signals to be
detected and measured in the pres-
ence of “noise” will be among the
new products to be shown by Prince-
ton Applied Research Corp., Prince-
ton, N.J.

Several new features are built into
the system. The photomultiplier head
has been designed to include a por-
tion of the amplifier circuitry—thus

eliminating low-level, high-impedance

lines that exist in conventional ar-
rangements.

Another unique characteristic is the
photometer amplifier system. All com-
ponents are housed in NIM modules
that can be installed easily in stand-
ard NIM baskets.

The new design concept permits

| users to incorporate instruments from

several manufacturers into standard
racks. Modules can be interchanged
with little difficulty.

[6] GATED SIGNAL AVERAGING Instru-
ment for recovering repetitive wave-
forms from noise will be another new
product to be shown by Princeton Ap-
plied Research Corp.

The Model M160 high-resolution
boxcar integrator offers improved res-
olution and dynamic range capabili-
ties over conventional models by pro-
viding gate widths as small as 10
nsec — coupled with provisions for
long term memory.

_ These features, the company ex-
plains, enable users to accurately ob-
serve high-time resolution responses

~of ultrasonic, fluorescent, laser, and

pulsed nuclear magnetic resonance
systems.

Nuclear-Chicago Corp., Des Plaines,
IIl,, will feature three new products
for data handling at the physics show:

[7] COMPUTER-COMPATIBLE magnetic-
tape system that permits fast record-
ing of data collected by a multichan-
nel analyzer system and fast return to
the analyzer’s memory. Flexible con-
trol of all aspects of recording with
the new: system allows read-in to a
computer with program compatibility.

[8] PARALLEL DIGITAL stabilizer that
stabilizes input energy to channel num-
ber relationship of a multichannel pulse
height analyzer system. The relation-
ship is stabilized against drifts or
changes in detector sensitivity, power
supply voltages, amplifier gain, ana-
log-to-digital conversion gain, and
zero calibration.

[9] AEC STANDARD MODULES for fast/
slow coincidence pulse shaping and
linear delay applications. Character-
istic of the advances in the new re-
search series is the capability for lead-
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ing edge or crossover timing in the
timing discriminator module, accord-
ing to Nuclear-Chicago Corp.

[10] IMAGE SCANNING INSTRUMENT
that can scan a photographic negative
or positive print in six minutes and
present minute changes in density and
brightness as density contours will be
shown by Technical Operations Inc.,
Radiation Products Div., Burlington,
Mass.

The new “Image Quantizer,” which
has a printout resolution of 200 lines/
in., provides a comprehensive density
profile of pictorial data in an area up
to 20 x 30 cm.

Prime applications for the instru-
ment are the analysis of radiographs
in biomedical research, analyzing lu-
nar and space photographs, studying
cloud densities, and the analysis of
shock-test phenomena.

Three new advances will head the
list of instruments to be shown by
Ortec Inc.,, Oak Ridge, Tenn. The
exhibit will feature:

[11] DiGITAL RATEMETER that serves
as a scaler and ratemeter. The Model
434, contained in a standard NIM
package three modules wide, is claimed
to be the only unit of its type to in-
clude these two functions in a single
unit. A buffer memory stores data
accummilated during the printout cycle,

according to Ortec.

[12] A PARTICLE IDENTIFIER, Model
423, said to be the first NIM unit to
identify particle type and the sum
energy of E and AE detectors, sep-
arating protons, deuterons, tritons, *He,
and ‘He particles.

'[13] BASELINE RESTORER that hikes

count rate capabilities to 100,000
counts/sec by restoring waveform to
d-c level. The Model 438 is a one-
unit-wide NIM module.

Typical of the many other innova-
tions to be included in the roster of the
January meeting are:

[14] ULTRA-HIGH VACUUM gages and
controls from Amperex Electronic
Corp., Vacuum Products Dept., Hicks-
ville, Long Island, N.Y. The Model
VC-600 Pirani/ionization vacuum
gage control unit can be used for
stable pressure indication of medium,
high, and ultra-high vacuums, cover-
ing the wide pressure range of 1.0 to
10™ torr.

{15] PHOTOSENSITIVE MATERIALS from
Eastman Kodak Co., Rochester, N.Y.
One special feature will be the Kodak
Special Film, Type 101-01, for vac-
uum-ultraviolet radiation recording.
The I'R 100 award-winning product,
with a sensitivity below 2,000 ang-

stroms, makes it possible to supply
uitraviolet film in rolls for extended
inspace flights.

[16] PHOTON SPECTROMETER, another
I'R 100 award winner, with unique
capabilities for both nuclear research
and applied spectroscopy. The spec-
trometer, available in both vertical
and horizontal versions, was developed
by Technical Measurement Corp., San
Mateo, Cal. The instrument provides
rapid analysis of characteristic x-rays
of elements above argon in the peri-
odic table. '

[171 PRECESSION SYSTEM, & New Crys-
tallographic tool from Materials Re-
search Corp., Orangeburg, N.Y. MRC
explains the new system, which ou: >rs
several new concepts in determining
crystal structure, provides easier read-
ing, intrinsic alignment accuracy, less
operator error in adjustments, greater
range in crystal studies, and faster data
collection than conventional models.
Temperature capabilities range from
700 C to —150 C, according to Mate-
rials Research Corp.

Next month, the Industrial Research
Advance Conference Report will cover
the 19th Pittsburgh Conference on
Analytical Chemistry & Applied Spec-
troscopy in Pittsburgh, Mar. 3 to 8.
—DOLORES A. FREDERICK, ASSISTANT
EDITOR. B

Using this portable TIG unit, wires ranging from
20 to 55 gauge can be welded to form thermo-
couples with less than 0.01°C variation from each
other. All combinations of normally used thermo-
couple materials can be successfully joined.

The Model 116 SRL is designed for easy, trouble-

free operation. Just set the two 3-way switches .

for the correct current and time cycles, place the

leads in the holder, and insert these wires into

the argon protected chamber in the welder. A

push of the button activates the arc. The re-
suit — a clean, high integrity weld junction.

The equipment also can be used for other wire
welding applications and for small tube welding.

Model 116 SRL
Thermocouple Welder.

'ELD DONEK

Quickly,
Safely, &
Reliably ...

with Dynatech’s

In addition, Dynatech offers other portable units
to fill a wide range of welding needs. For more
information on how your welding operations can
be well-done, contact Dynatech.

DYNATECH CORPORATION

WELDING PRODUCTS DEPT., Division F
90 Cambridge St., Burtington, Mass. 01803
Tel: 617-272-6050 TWX 617-499-9224

See inqu:lry care " " —
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Remember ]ohnny Appleseed, “all ye who love the apple”

This unforgettable legend told about John Chapman, a gentle man who
tamed the wilderness with apple seeds, planting orchards where
thickets had been — ‘“planting the trees that would march and train on,
in his name, to the great Pacific.” ‘

Now, look to the “Apple” in Appleton —
APPLETON COATED PAPER COMPANY.

Whenever there’s an idea to be planted, a taste to be cultivated, or a
customer wilderness to be tamed, remember Appleton’s orchard of
quality coated printing, decorative and technical papers. Watch your
sales grow and bear fruit when Appleton papers spread the good word.

APPLETON COATED PAPER COMPANY

APPLETON Box 348 « Appleton, Wisconsin 54911
See inquiry card 55.

TECHNICAL PAPERS: Examples of papers custom-coated for diverse industrial and scientific needs include casting and release,
chart, electrophotographic, electrosensitive, gumming, image master, magnetic recording, pressure sensitive cover and backing.

PRINTING & DECORATIVE PAPERS: Coated covers and enameils; colored and white bristols, labels, lithos, tags and greeting card;
fluorescents, metallics; duplex enamels and bristol-covers; reproduction. proofing and masking.



It's what inside
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If you've never looked inside
a temperature controller,

Alnor has news for you.

In some makes you’ll find production short-
cuts. The materials are less than the best.
Workmanship could be better. Here and
there somebody skimped. Things like that.

Those are the things that spell trouble.
You lose some precision. Readings become
erratic. A little vibration or shock affects
performance. In short, reliability suffers.
It may not happen today or tomorrow.
Maybe next week.

We wish you could look inside an Alnor
Temperature Controller. In a way, it’s al-
most beautiful. Solid copper circuitry on
glass epoxy boards. Vertical movement con-
struction that lets you mount the unit in
any position. A built-in means for field ad-
justment of varying resistances. Features
like that pay off. You get an instrument
that keeps its precision, that maintains

write for literature on these and other Alnor products

accurate readings, that holds up under
shock and vibration. You get all the reli-
ability you need.

Sure, we’re human. Once in a great while
a temperature controller gets out that isn’t
quite right. That’s when our sales engi-

_ neers or field service organizations jump to

the rescue. If you ever have trouble, call
’em. They’ll cure the trouble fast—and we
mean fast.

Like to see a demonstration of Alnor
reliability? Just call or write and we’ll ar-
range it. No obligation, of course. And if
you’d like to know more about |, ALKOR
Alnor Temperature Control- |TEMPERATURE
lers, send for our new bro- Eu% AL
chure, “How Alnor Tempera- | PERHIRM BEITER.
ture Controllers Make Good
Machines Perform Better.”

INSTRUMENT COMPANY

420 N. La Salle Street, Chicago, Illinois 60610

Sales and service representatives in principal cities throughout the world.

See inquiry card 57,

Velometer®
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A Kinney vacuum is
cheerful, thrifty, brave, clean...

Kinney Liquid Jet Vacuum Pumps make clean vacuums from dirty environments.

Handle large quantities of water vapor or solvents (even slugs of liquid).
Unharmed by dust or grit. Unaffected by corrosive gases. No close tolerances,
no critical wear surfaces, no sealing oil backstream.

Only one moving part. A centrifugal impeller which moves a hurling fluid at high
velocity through a unique multi-jet nozzle and venturi combination. Gas and
vapor are entrained in the fluid stream between nozzle and venturi,

creating a smooth, steady vacuum.

Available singly or paired. Inexpensive to operate, easy to install and maintain.
Unmatchable for chemical processing, food preparation and packaging,

wood pulp drying, hydraulic brake filling, and many other applications.

Write or call for descriptive literature.

Kinney\acuum

Division, The New York Air Brake Company
3529 Washington Street, Boston, Mass. 02130
(617) 522-7100

See inquiry card 58.
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BIGGER PUMPS AND MORE VERSATILE VACUUM SYSTEMS typified the many production-oriented exhibits

at the AVS Vacuum Show. At the left, Edwards High Vacuum Ine.’s national sales manager, George Schmidt,

demonstrates o new vacuum coating unit. Burdell Kietemann, market research manager, Varian Vacuum Div.,

points out features of H elmer high vacuum gages
rapid cycle high vacuum system is operated b

(center). At right, General Electric’s
y Thomas A. Pollock, product specialist.

standard lines replace one-of-a-kind products

MORE MANUFACTURERS are stressing
vacuum equipment designed for pro-
duction—rather than ‘“‘one-of-a-kind”
pure research devices, according to
indications at the 14th annual Amer-
jcan Vacuum Society Symposium &
Show in Kansas City.

Vacuum pumps are bigger and fea-
ture higher capacities; measurement
systems seem to stress better accur-
acies; more automation (hence, more
ease of operation) is evident; and
there is a proclivity toward designing
or improving systems for production.

Typical of the latter is Vacuum
Processes Inc.’s new “Vac-u-lok” unit
intended to revolutionize vacuum dep-
osition of thin films. The Dallas firm
explains that batch techniques—neces-
sary previously because of problems
with moving parts in and out of vac-
uum—can be eliminated. Substrates
now travel through the device on a
conveyor belt, are vacuum-deposited,
and then unioaded—without disturb-
ing the vacuum. '

Another production-oriented device
exhibited by Materials Research Corp.,
Orangeburg, N.Y.,, is a new d-c/rf
sputtering module that pushes thin
film deposition rates up to 1,100 ang-

stroms per minute. MRC claims to
have doubled sputtering rates for tan-
talum and copper—compared to those
possible with standard cathode depo-
sition methods.

The Edwards High Vacuum Inc.
(Grand Island, N.Y.) Model E12E
vacuum coater does lean closer to the
research side. It also features a wire
feed mechanism to allow prolonged
coating operations without breaking
vacuum. In addition, the E12E con-
tains an electron bombardment evapo-
ration source for difficult-to-evaporate
metals. '

Kinney Vacuum Div., New York
Air Brake Co., Boston, introduced a
positive displacement mechanical
booster pump which features no block-
ing pressure limitations, operation at
maximum efficiency over a wide range
of low pressures, and a lack of sealing
oil to provide a cleaner pumping ac-
tion compared to conventional oil-
sealed mechanical high vacuum pumps
or oil ejector varieties.

High rate production is the intended
goal for users of General Electric Co.’s
rapid cycle high vacuum system.

Shown by GE’s Vacuum Products
Section, the unit can be pumped down

quickly at the touch of a button. The
vacuum system features a large usable
sump area—about 50 centimeters in
diameter by 25 cm high—and a 76-
cm-high bell jar to provide adequate
working space for a variety of proj-
ects. Rapid cycling is accomplished by
a combination of sump, triode ion, and
titanium sublimation pumps.

In other activities at the vacuum
show, Paul A. Redhead, noted vacuum
gage researcher, was elected president
of the society. A graduate of England’s
Cambridge University, Redhead now
leads the electron physics section of
Canada’s National Research Council.
He succeeds Dr. Herbert W. Schieun-
ing, who is professor of physics at
Polytechnic Institute of Brooklyn.

Dr. Paul J. Bryant, associate pro-
fessor of physics at the University of
Missouri at Kansas City, is the new
secretary-clerk for the American Vac-
uum Society.

Dr. Daniel G. Bills, president of
Granville-Phillips Co., Boulder, Colo.,

- was elected society treasurer. Dr.

James M. Lafferty won out as presi-
dent elect. He is manager, Plasma and
Vacuum Physics Branch, Gereral Elec-
tric R&D Center, Schenectady, N.Y. O
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200 kilogauss goal

NEw “surPRISEs” about atomic struc-
ture are the major possible dividends
from Stanford University’s Linear Ac-
celerator Center (SLAC). But just as
possible are major advances in cryo-
genic technology.

One example is the study that may
lead to large-bore, high-gauss super-

‘conductive magnets.

‘Basis of this possible breakthrough
. a-complétely new design principle

‘developed by the magnet research
+group at SLAC headed by Dr. Habibo
Brechna.

‘Brechna’s group designed the cur-

‘rent 2,270-kilogram magnet that gen-

erates a 70-kilogauss field with an en-

'. ergy of 5-million joules in a big bore

measuring 30.5 centimeters in diam-
eter by 68.6 cm long.

The current supermagnet is cooled
by circulating liquid helium around
copper tubes containing thin filaments
of niobium-titanium superconductor
material.

The proposed new approach is to
imbed the superconductor filaments in
the walls of a hollow copper tube. The
liquid helium coolant would flow in-
side the tube-—with the added benefit
of much higher efficiency. -

SLAC calculations show the hollow
tube coil provides a current density of
5,000 amp/cm?. By comparison, the
old design has a density of only 3,500
amp/cm?’.

Brechna now expects to be able to -

build another 70-kilogauss supercon-
ducting magnet—this time with a bore
of 1.5 meters diameter by 1.8 m long.
This system could increase greatly the
accuracy of particle measurements at
SLAC.

“Normally, we say that the diameter
of the coil times the square of the
field determines the bending radius of
the particle,” states Brechna. “The
larger the bore and the higher the
field, the more we can bend the path
and the better the measuring accuracy.
For the same field, with five times
greater bore diameter, we can operate
at an accuracy of at least a factor of
five better.” .

A proposal to build the new super-
magnet will be submitted to the Atomic
Energy Commission next month. Ap-
proval is dubious, however, due to
budget restrictions. But if AEC gives
Brechna a go-ahead, the new device
could be completed in about one and
a half years.

Beyond this, SLAC hopes to in-
crease field strengths by using new
superconducting materials. Niobium-
titanium alloy has a limit of 80 kilo-
gauss. If niobium-tin is used instead,

fields as high as 200 kilogauss may
be reached. O
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IMPROVES STICKING
Stephens examines electron gun

surface effect ‘gages’

AN IMPORTANT BYPRODUCT of the new
double vacuum Molsink chamber just
placed in operation at the Jet Pro-
pulsion Laboratory, Pasadena, Cal., is
new instrumentation for measuring
surface effect phenomena.

Very accurate devices were required
to measure changes of materials and
microorganisms in the simulated “mo-
lecular sink” of space. To meet these
requirements, the JPL Space Simula-
tors & Facility Engineering Section de-
signed a mew cryogenic quartz crystal
microbalance and cryogenic quadru-
pole mass spectrometer.

As James B. Stephens, senior re-
search engineer, told Industrial Re-
search, the first of these basically is a
much more accurate version of the
quartz crystal used in thin film moni-
tors for solid state electronic work.
The JPL unit has demonstrated a sen-
sitivity of 107" gm/cm? in measuring
all gases except helium.

Even so, the unit was not quite sen-
sitive enough for part of one Molsink
study, the effect of hard vacuum on
microorganism spores.

These tests are intended to find -out
whether undesirable microorganisms
on Mars landing craft will be killed on
exposure to vacuum. The spores are
coated on the crystal and exposed to

the vacuum. Changes in spore struc-
ture result in mass changes and, hence,
frequency variations in crystal oscilla-
tions.

Initial tests have shown grossly that
the spores die, but greater sensitivity
is needed for more detailed analysis
of the time-temperature history of the
process. Thus, Stephens’ group is
working on a new crystal design to
go to 10 gm/cm?

The second instrument, a quadru-
pole mass spectrometer, should pro-

" vide detailed data on the bases coming

from the surface under study. JPL
believes the current program is the
first in which such a device will be
operated at 4 K.

The instrument has the great ad-
vantage of eliminating the background
problem in mass spectrometry work.
Unlike previous systems, JPL reports,
the Molsink spectrometer data is not
degraded by outgassing from the in-
strument’s own surface. O

hydrogen mystery solved

"~ SCIENCE HAS KNOWN for some time
“that crystal forms of solid hydrogen

—and its heavier isotope, deuterium-—
sometimes were cubic rather than nor-
mally occurring hexagonal.

But until just recently, nobody
knew why.

Hoping to add to man’s fundamen-
tal understanding of the basic struc-
ture of matter, Drs. Adam Schuch and
Robert Mills delved into the strange
supercold world of cryogenics to solve
this mystery. Both are chemists at the
Los Alamos Scientific Laboratory, Los
Alamos, N.M.

While studying x-ray photographs,
the two scientists noted that hydrogen
and deuterium of the hexagonal type
change to the cubic if cooled to al-
most 2 K. The exact temperature at
which the change takes place seems
to depend on certain properties of the
hydrogen and deuterium molecules.

To pinpoint the cause, Schuch and
Mills studied diffracted x-rays with a
Geiger counter—giving them a con-
tinuous picture of the nature and
progress of the change. They found
that crystal structure change is caused
by a shift of certain layers of mole-
cules relative to other layers.

Specifically, the Los Alamos scien-
tists say, it is the nuclear spin of the
hydrogen molecule that affects the
hexagonal-to-cubic transition tempera-
ture. When the atomic nuclei of the
molecule spin in one direction, one
type of structure forms. Should the
two nuclei spin in the same direction,
another structure results.

When hydrogen or deuterium are
made up of molecules with similar
nuclear spin, the cubic building blocks

See inquiry card V3. 3




New (/ee<0)“776”

Thin Film Evaporator is manual

Now the ultra-clean Veeco 7%" evaporator is available in an im-
proved, manual version. The new VE-776M includes several im-
provements in the design of the vacuum system, including a new
reliable butterfly-type high vacuum valve. More important, how-
ever, the design is offered in a very straightfarward configuration,
with minimum accessory controls and devices. It offers only what is
absolutely necessary for you to do a quality job—which includes the
Veeco double baffle and all stainless steel high vacuum system.
The VE-776M is useful for every thin-film job. it is especially valuable
to installations that require the very best, but must have it with
maximum economy. Write for more information now.

Meeco INSTRUMENTS INC.
% TERMINAL DRIVE, PLAINVIEW, NEW YORK 11803 = PHONE: 516 - 681.-8300




New
Varian
Vacuum
Valves

With
Polyimide
Seals

® Bakeable to 300° C, opened or
closed

® Easily hand-operated
" @ Interchangeable seals:
Viton-A (125°C) or
Polyimide (300° C)
@ Operation to 1 x 10-9 Torr
® ConFlat® flange connections
® 2" and 1%2” models
Write for complete information.
"Varian Vacuum Division, Palo
Alto, California; Zug, Switzer-
land; Georgetown, Ontario.

varian

vacuum division

See inquiry card V4.
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form at a higher temperature than

they do when some of the opposed-

spin molecules are present.

In addition, if more than about 40%
of the molecules are opposite spinners,
the crystal remains hexagonal—prob-
ably right down to absolute zero. On
the other hand, the cubic structure
will not go hexagonal unless the tem-
perature is raised considerably higher
than that at which it first forms.

" Finally, the more opposed-spin mole-
cules there are present, the more re-
luctance there is for the molecule to
turn back to hexagonal. O

Europe’s new simulator

EUROPE’S LARGEST space simulator has
besn commissioned at the European
Space Technology Center, Noordwijk,
Holland.

Any space probe, experiment, or
satellite to 3 meters in diameter can
be tested in the stainless steel cham-
ber. Three vacuum pumps, each with
a pumping speed of 50,000 liters/
second, produce a vacuum of 107 torr
within 274 hours—ensuring only radi-
ative heat loss as in space.

The internal surface of the simu-
lator is shrouded with an aluminum
liner containing 1,200 m of piping
through which liquid nitrogen is piped
at a rate of 10,000 liters/hr to main-
tain the surface at a temperature of
—173 C.

The liner simulates the cold black-
ness of space surrounding a satellite
in orbit apart from the surfaces ex-
posed to sun radiation. Solar heat is
simulated by directing a beam of light,
with a spectrum near to that of the
sun, from a bank of 19 (62 -kilowatt)
xenon lamps through a 50-cm-diame-
ter quartz window.

Orbital movements of the satellite
can be reproduced by using a special
support to provide rotation in two
axes.

A central console, incorporating a
mimic diagram that indicates the state
of all important functions, is used to
control the facility. O

luminescent CdS

ELECTROLUMINESCENCE from vapor-
grown cadmium sulfide (CdS) devices
has been observed at 4.2 and 77 K
in experiments at Massachusetts Insti-
tute of Technology’s Lincoln Labora-
tory, Lexington, Mass.

Although luminescence has been ob-
served before in activated CdS, the
mechanism here appears to be quite
different.

Emissions in the activated materials
can be attributed to transitions involv-
ing deep impurity levels, notes Dr. J.
F. Butler, a member of the Lincoln
technical staff.

“However, the luminescence I see is
essentially band-to-band. There’s some
indication of impurity levels, but it's
at the higher energy.”

The lines are very similar to those
observed in electron-beam-pumped
lasers, but there seems to be no ade-
quate explanation for the excitation
process. One speculation suggests that
it results from ionization of electron-
hole pairs by hot electrons. The aver-
age electric fields are 10* V-cm™ when
the effect is observed.

Results were obtained using high-
purity vapor-grown platelets having
zero-bias resistivities greater than 107
ohm-cm. Contacts were indium. Lu-
minescence at the contact edges be-
came evident at about 10 A-em™ dc,
increasing rapidly with current, vary-
ing as I3¢ over three orders of magni-
tude in a typical device at 77 K. O

‘cooler’ computers soon

‘SUPERCONDUCTIVITY’S IMPACT on
_space, high energy physics, and con-

trolled fusion programs has been con-
siderable — especially since the phe-
nomenon was a laboratory curiosity
but a few years ago.

On the other hand, the supercon-
ductor’s invasion of the computer
technology is less spectacular but
equally promising. At least two papers
presented at the recent Applied Super-
conducttvity Conference at the Univer-
sity of Texas in Austin gave scientists
and engineers a look at some aspects
of the new age in computers.

Dr. Vernon L. Newhouse, physicist,
and Joseph L. Mundy, electronic en-
gineer—both from General Electric
Co.’s R&D Center, Information Sci-
ences Laboratory, Schenectady, N.Y.,
told of a new multi-aperture cryogenic
storage cell.

Employing a recently developed
cryogenic sensing technique—labeled
“current stretch” — the cell allows
transformation of the information into
a persistent input current in a cryotron
amplifier.

One result is that the signal caused
by cell switching becomes proportional
to magnetic flux change. Consequently,
fast access current rise time, pickup
noise cancellation, fast cell switching,
and separate sense lines are eliminated
in the new cell.

“Operating tolerance of these cells
is only limited by their geometry. They
have no metal-to-metal contacts, use
only three metal layers including the
ground plane, and can be switched
arbitrarily slowly,” Newhouse and
Mundy explained.

Replacement of random access
memories with high-speed content-ad-
dressable memories (CAMs) for some
computer operations was the premise
of Scott A. Keneman, technical staff



member, Radio Corp. of America
Laboratories, Princeton, N.J.

He declared that large capacity, su-
perconductive thin film CAMS would
be feasible because of high informa-
tion packing densities and low power
dissipation.

“Some 5 x 10° bits of CAM storage
in a cubic foot working volume at
liquid helium temperatures seems to
be a reasonable hardware design goal.”

Keneman’s theoretical refrigerator
would hold approximately 200 glass
substrates — each measuring approxi-
mately 10 by 15 centimeters. Each sub-
strate would contain some 2,500 CAM
cells. Such a memory should retrieve
words at a repitition rate of 100 micro-
seconds/ word. 0

‘new breed’ chamber

ANOTHER OF THE ‘NEW BREED” of
fourth generation space simulation

chambers is going up on the San

Francisco peninsula.
The huge facility—featuring a 30-

ft-diameter by 31-ft-high work area

enclosed in a 38.5-ft-diameter stain-
less steel sphere—is reported to be
the first of its size to employ the lat-
est in contamination free pumping.
“Basically, we have eliminated dif-
fusion pumping. Backstreaming from
the pump adversely affects sensitive

packages and optical equipment in the
chamber. We circumvented this by go-
ing to so-called selective pumping,”
states Donald E. Richardson, project
manager for the Philco-Ford Corp.
chamber.

Philco-Ford’s Space & Re-entry Sys-

tems Div. is building the facility at its -

Palo Alto, Cal., location.

Richardson told Industrial Research
that the chamber will be able to achieve
vacuum below 107* torr “clean, dry,
and empty.”

Leon V. Omelka, a Philco-Ford en-
gineer and the space chamber’s prin-
cipal designer, stated: “We are taking
the past experiences of all other space
chamber builders and incorporating
them into one advanced chamber.
While our specification limit is 107°
torr, I think this chamber will also
achieve 107 torr pressures. However,
the vast bulk of our testing with space-
craft and satellite systems will re-
quire only about 107 torr.”

Richardson and Omelka detail the
chamber’s operation: Rough pumping
will be done with mechanical blowers.
Then a 70-watt helium refrigerator
and cryopanel array takes the pres-
sure down further. Two titanium sub-

limation pumps finally pull the vac-

uum down to near the desired pres-
sure. In addition, ion pumps pull out
noble gases if required.

In all, the desired working vacuum
can be achieved in about 7 hours.

The current schedule calls for pull-
ing the first vacuum in September of
this year. In addition, studies of future
needs for the $3.5-million facility will
determine whether or not to add a
solar simulator, which would make the
chamber suitable for tests involving
men in space suits.

“We already plan to supply the
thermal equivalent of the sun through
arrays of quartz lamps. The one big
problem with adding solar simulation
is the many dollars involved. We’re
going to have to study our needs
pretty closely to justify spending what
could add up to another $4-million-
or more. O

vacuum lab manual

LABORATORY EXPERIMENTS for stu-
dents of chemistry, physics, and horti-
culture abound in number. In most
cases, the supply exceeds the demand.

Unfortunately, however, just the
opposite holds for vacuum science and
technology it seems.

Consequently, the American Vac-
uum Society and its education com-
mittee have decided to cast about for
suitable experiments among its mem-
bers. Dr. John A. Dillon Jr., com-
mittee chaii‘man and dean, Graduate

e

- New E-Beam Pump Increases TSP Life 40-Fold

A New Advance in the State-of-the-Art. With electron beam sublimation
from much larger Titanium sources, a vacuum system can now remain
operational up to several thousand hours before it must be opened to
replace the source, thus greatly expanding system capability. Conven-
tional systems call for replacement as often as every 24 hours.

The E-Beam sublimation pump fits most existing systems without
modification. This innovation can be yours by calling our men in New
York, Herbert Shprentz Co. Write today for catalog #207.

See inquiry card V5.

ION TECHNOLOGY INC.

PALO ALTO, CALIFORNIA 94306
(415) 327-4907

BOX 11654 -

K
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School, University of Louisviile, called
for experiment suggestions.

He says the experiments — geared
for departments of basic science and
engineering—could be in any of the
various areas of pumping, gage cali-
bration, or in physical measurements
made under vacuuin conditions. They
will be incorporated into a laboratory
manual to be prepared under super-
vision of Dr. V. J. Harwood, Dept. of
Physics, University of British Colum-
bia, Vancouver.

“Ideally your suggestions could be
written up in exquisite detail, but if
you merely have a bright idea concern-
ing one, please feel free to submit this
to Prof. Harwood. When we do decide
which experiments to include, full
credit will be given,” Dillon adds. O

salty thermometers

CEROUS MAGNESIUM NITRATE recently
has gained wide-spread popularity
among cryogenic researchers. The salt
has been found quite useful in ob-
taining and measuring -temperatures
below 2 K.

Previously determined temperature
scales, however, exhibited a reliability
‘that was somewhat questionable.

So, Drs. R. P. Hudson and R. S.
Kaeser, research physicists, Institute
for Basic Standards of the Commerce
Dept.’s National Bureau of Standards,
decided to find out why.

The NBS scientists obtained the
necessary low temperatures by means
of adiabatic demagnetization. They
read the temperatures from suscepti-
bility measurements indicated by a
magnetic thermometer.

In this instance, Hudson and Kaeser
employed a specimen of CMN as the
core of a mutual inductance.

CMN already appeared ideal as a
thermometer based on magnetic sus-
ceptibility because its paramagnetic sus-
ceptibility follows the Curie law down
to near 0.006 K. Hudson and Kaeser’s
findings supported this.

In addition, their research refuted
earlier work that pinpointed the re-
gion of rapid fall-off of entropy at
0.003 K. The new fall-off point was
established. at 0.0015 K.

One particularly intriguing property
of CMN appeared when Hudson and
Kaeser made cylindrical specimens of
compressed CMN powder for use as
a magnetic thermometer. They found
strong suggestions that the powdered
CMN exhibits Curie law behavior all
the way down to 0.002 K.

For the latter anomoly, some of the
reasons guessed included specimen
shape and CMN’s extreme magnetic
anisotropy.

In any event, the inorganic salt is
proving out as a valuable tool in the
field of cryogenics. O
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HELICAL 'THREAD’
shaped by electron beam in 0.5-in. silica

versatile glow discharge beams

HIGH VACUUM ELECTRON BEAM ma-
chining techniques may soon face some
stiff competition from a less expen-
sive and far more versatile innovation.

Still under development, the prom-
ising new technique—glow discharge
——could become a cutting and welding
tool with wide industrial application.

Research engineer R. A. Dugdale
explains that glow discharge is quite
similar to neon sign display lighting.

“Briefly, it offers a method of di-
recting a beam of electrons or ions
onto a workpiece. Beams of any shape
can be designed—broad area, a thin
sheet of particles, or very finely fo-
cused,” he states.

.Dugdale, working at the United
Kingdom Atomic Energy Research
Establishment, Harwell, England, has
found that glow discharge operates in
a low vacuum of about 107 torr, and
it can be applied to any material—in-
cluding ceramics. In contrast, conven-
tional electron beam techniques em-
ploy vacuums approaching 107¢ torr
and do not allow quick and easy ac-
cess to the workpiece.

MILLING MACHINE
electron beams cut ceramics

The latter, conventional machining
method also is restricted to metals be-
cause electron bombardment of in-
sulating materials would set up nega-
tive charges — repelling the electron
beam. On the other hand, glow dis-
charge performs in an electrically con-
ductive plasma that carries away any
electric charge on the workpiece.

Dugdale’s experiments at Harwell
already have shown the glow discharge
technique’s utility for cutting and pro-
filing silica and alumina.

“We focused the beam finely enough
to machine a track as small as 0.025
millimeter (0.001 inch) wide and
deep. This was done with a 100-watt
machine that produces a power density
of a megawatt/square centimeter,”
Dugdale says.

Other demonstrations include weld-
ing two pieces of alumina together.
Existing equipment will weld materials
up to V8 inch (3.2 millimeters) thick.
Nearly 10 times the present power
density will be required for inch-thick
materials.

Sapphire crystals grown by the Ver-
neuil technique employed two glow
discharge electron beams, which were
aimed into a liquid puddle in the top
of the sapphire.

Dugdale also has deposited silica on
an alumina substrate using one beam
to evaporate the silica and another to
preheat the alumina.

“Here is another useful quality of
the glow discharge method. There is
no contamination of the gun by atoms
that have been evaporated off the
workpiece—a frequent happening with
high vacuum electron beam opera-
tions,” he declares. “Instead of travel-
ing in straight lines, free atoms are
diffused by the gas and can be con-
densed on surfaces appropriately
placed.”

According to Dugdale, less than
$280 will build a fine focus glow dis-
charge electron gun with 1 kilowatt
power. Vacuum systems and power
supply bring the total cost to less than
$580 — substantially less than com-
parable high vacuum electron beam
equipment. Remove the fine focus
requirement, he adds, and the cost
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THREE YEARN
ARE THE
HARDENT!

Three years ago, we introduced the new
Hoke Gyrolok tube fitting to a breathlessly
waiting world . . . there were times during

that first year when we almost regretted it.
People couldn’t even pronounce oeur name .
(it's JIRO-LOK, in case you're still wondering)
and it seemed impossible to make quality
tube fittings in the variety of materials,
shapes and sizes fast enough to satisfy our
new customers.

Things are better now . . . we have over a
million dollar factory inventory to back up
our distributor stocks . . . this year Gyrolok
sales will amount to more than a third of
other Hoke sales. And we’ve built an
impressive record of customer acceptance
with the most demanding users in industry:
chemical processors, instrument manu-
facturers, research labs and aerospace
contractors.

Some of this customers’ test data is available
for inspection, if you're interested. Call
~ your nearest Hoke distributor to see how far
“.we've come in three years. Or if you really
want to commit yourself, send for our
brand new 36 page catalog.

HOKE MFG. CO. 1 Tenakill Park ¢ Cresskill, N.J. E‘—EE

FLAR

See inquiry card V7.
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drops considerably by comparison.
As yet, glow discharge machining
remains a laboratory technique. An
inherent limitation is the need for
even a low vacuum and manipulation
of the workpiece by machine tool
methods. Also out of the question for
the foreseeable future is the prospect
of a hand-held electron gun because
of x-ray and high voltage hazards. U

ICs in cryosurgery

INTEGRATED CIRCUITRY is finding new
applications in the supercold of cryo-
surgery.

With an exclusive amplifier design,
electronics engineers at PMF Elec-
tronics Inc., Dayton, Ohio, are say-
ing that surgeons will be able to con-
trol temperatures in cryoprobes. to
within 1% accuracy.

The device, which employs ordinary
copper-constantan thermocouples for
temperature indication, already is
planned for a new cryosurgery instru-
ment designed by Union Carbide
Corp.’s Linde Div.

Surgeons merely dial the desired
cryoprobe temperature—in the range
from zero C to —196 C—and the
PMF device controls liquid nitrogen
flow to the probe.

Operations with the still relatively
new surgical technique of cryosurgery
in effect are matters of deep-freezing
live tissue and removing it easily. Sur-
gery that once required days of re-
cuperation now can be completed in
minutes, with the patient leaving the
hospital scant hours later. O

bubble chamber bellows

BIG BUBBLE CHAMBERS promise to
take high-energy physicists closer to
understanding of subnuclear particles.
Consequently, scientists at Argonne
National Laboratory (Argonne, Ill.)
are building what will be the world’s
largest bubble chamber.

As usual, though, planning such a
large device and building it are two
different tasks.

Dr. E. Gale Pewitt, manager of the

chamber project, points out that one
of the major hurdles has now been
passed—constructing a huge steel bel-
lows that allows flexing of a large
piston designed to maintain a con-
stant pressure of 90 psi—all at liquid
hydrogen temperatures.

When particles from Argonne’s Zero
Gradient Synchrotron enter the bubble
chamber, pressure is momentarily re-
lieved by the piston, allowing the hy-
drogen to boil along the paths taken
by the particles.

Pewitt explains that the 386-cm-
diameter, 2,180-kilogram bellows em-
ploys type 316L stainless steel because
of its excellent properties at the bubble
chamber’s near-absolute-zero operat-
ing temperature.

In addition, designers first predicted
the bellows would operate for at least
50-million cycles. Now they say it
should exceed this performance limit
by a comfortable margin. O

ring of ion pumps

A RING OF MORE EFFICIENT ion pumps
will make possible harder vacuums at
Brookhaven National Laboratory’s 33-
billion electron volt Alternating Gradi-
ent Synchrotron.

The first 10 production pumps of a
total of 240 were delivered to the Up-
ton, N.Y., facility, last month by
Hughes Aircraft Co.’s Vacuum Tube
Products Div. When all 240 are in-
stailed around the rim of the 805-
meter circumference of the chamber, a
vacuum of 107 torr will be attained
instead of the current 107

Hughes engineers state the pump
can maintain nearly constant pumping
speeds over a pressure range from
5 x-107® to 10® torr. Overall pressure
range is 1072 to 10™" torr.

The pump is already in use in many"

other vacuum applications. A major
change in the units delivered to Brook-
haven is incorporation of a new de-
mountable high voltage feedthrough.
This permits replacement in case of
damage. However, the new feedthrough
has been ruggedized to minimize
chances of breakage. =

WORLD’S LARGEST TOROIDAL BELLOWS
destined for Argonne’s 12-ft hydrogen bubble chamber

VACUUM/CRYOGENICS
LITERATURE
L]

cryogenics handling
needs special rules

SAFETY WITH CRYOGENIC FLUIDS by

Dr. Michael G. Zabetakis, Plenum
Press, 227 W. 17th St.,, New York
10011, 156 pp, $11.50—provides a

complete and concise exposition of
safety rules, design data, first aid pre-
cautions, and hazard control proce-
dures. The author emphasizes basic
principles rather than specific appli-
cations, which should permit an in-
dividual to conduct safe operations
with low temperature materials under
a wide variety of conditions.

MATERIALS OF HicH Vacuum TECH-
NOLOGY: METALS AND METALLOIDS,
Vol. 1, by Dr. Werner Espe, Perga-
mon Press Inc., 122 E. 55th St., New
York 10022, 912 pp, $45—offers an
exhaustive treatment of metallic ma-

“terials used in high vacuum technol-

ogy. As the first of an intended three
volumes, or more, this reference work
examines closely the physical and
chemical properties of metals and
metalloids and outlines specifics of
the materials’ technical applications.

HiGH PERFORMANCE DEPOSITION Sys-
TEMS, 8 pp, CHA Industries, 1215
Chrysler Dr., Menlo Park, Cal. 94025.
Circle “20” on Card V11.

HicHn VacuuMm MODULES AND PuMmP-
ING STATIONS, 8 pp, CHA Industries,
1215 Chrysler Dr., Menlo Park, Cal.
94025. Circle “21” on card V11,

VacuuM COAXIAL SWITCHING Sys-
TEMS, Brochure No. 108, 8 pp, In-
ternational Telephone & Telegraph
Corp., ITT Jennings Div., 970 Mc-
Laughlin Av., San Jose, Cal. 95108.
Circle “22” on card V11.

“AuToMATE” CONTROL VACUUM
CoaTERs, Bulletin No. 2-14, 4 pp,
Consolidate Vacuum Corp., 1775 Mt.
Read Bl., Rochester, N.Y. 14603. Cir-
cle “23” on card V11.

“AUTOMATE” CONTROL PUMPING
SysTEMS, Bulletin No. 4-6, 4 pp, Con-
solidated Vacuum Corp., 1775 Mt.
Read Bl., Rochester, N.Y. 14603. Cir-
cle “24” on card V11.

VacuuM PRrRESSURE RELIEF Disks,
Bulletin No. C13-67, 2 pp, Statics-

Dynamics Inc., Cryolab Div., 1155
Sunset Dr., Los Osos, Cal.,, 93401.
Circle “25” on card V11.

SERIES SC-20 Rarip CycLiNG TITAN-
oM PuMPeDp HiGH VACUUM SYSTEM,
4 pp, Andar Corp., 185 East Evelyn
Av., Mt. View, Cal. 94041. Circle
“26” on card V11. m
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LOW PROFILE

Welch Turbo-Molecular
ultra-high vacuum
pumping unit

Now, just 36%" low instead of the 43%"
height of previous models, the new 3102D
turbo-molecular pumping unit is mounted
on large, easy rolling casters and is
equipped with jack screws for leveling
and height adjustments. The control panel
is conveniently adjacent to the pump.
The unit is equipped with a by-pass
pump down line to permit more rapid
rough down of the system.

The Welch 3102D is the most foolproof,
efficient, compact 260 L/S pumping unit
ever available. Check its dimensions and
capabilities carefully. You'll easily recog-
nize many advantages the 3102D turbo
unit offers over other high vacuum
pumping methods.

WELCH TURBO-MOLECULAR PUMPS . ..

...are non-contaminating ing the nobles
to the system and are self- ... offer easy leak detec.

cleanin ) . .

& . . tion—pump helium without
... use no pumping fluids ganger of reejection
...do not permit back
streaming of fore pump or
tubricating oils
... will effectively remove
hydrocarbons which may
be present in the vacuum ' won’t become satur-
system or which may result 4te4 or overioaded — won't
from the process “bury’’ gases, so cannot re-
... pump all gases, includ- eject them into the system.

...are not damaged by
exposure to high pressure
—recover rapidly after ex-
posure

WRITE TODAY or call 312/677-0600 for
full information, dimensions and prices.
The Welch Scientific Company, 7300
N. Linder Ave., Skokie, lllinois 60078.

WELCH

SCIENTIFIC

Ses inquiry card V10.
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VACUUM/CRYODGENICS PEOCPLE & PLACES

Ivor Brodie appointed director
of Varian Vacuum Div. research

Dr. Ivor Brodie has been appointed
director of research, Vacuum Div.,
Varian Associates, Palo Alto, Cal. An
alumnus of London University, Brodie
started in microwave tube research at
Varian in 1962. Recently, he directed
development of - a new electrostatic
process graphic recorder.

Dr. William Manogue, senior re-
search chemical engineer for E. I. du
Pont de Nemours Co., Wilmington,
Del., has been loaned to the Univer-
sity of Colorado Chemical Engineer-
ing Dept. for one year as a visiting
lecturer. Manogue will continue work
at the university on application of ad-
sorption isotherms to catalytic reac-
tions at cryogenic temperatures—be-
tween 40 K and 90 K. Consulting
for the project is Dr. Klaus D. Tim-
merhaus, associate dean of the  uni-
versity’s College of Engineering, and
last year’s recipient of the Samuel C.
Collins award for his contributions to
cryogenics.

CVI Corp., Columbus, Ohio, an-
nounced the appointment of Douglas
W. Porrey as sales engineer. Previ-
ously he was with Airco Cryogenics
in marketing and technical service for
rare gases, liquid neon, and liquid
helium, as well as development of
cryogenic food-freezing equipment.

Robert O. Johnson has been named
manager of sales for Aero Vac Corp.,
Troy, N.Y. He formerly was district
sales manager for New York and
Eastern Canada. A graduate of Uni-
versity of Southern California’s School
of Engineering, Johnson came to Aero
Vac from General Electric Co.

industry notes

Leybold-Heraeus GmbH, West Ger-
many, is the new parent firm of the
U.S.-based vacuum systems manufac-
turer, Heraeus-Engelhard Vacuum
Inc., Monroeville, Pa. The new firm,
which will become one of the largest
vacuum equipment producers in the
world, resulted from a merger be-
tween Heraeus Hockvakuum GmbH
and Leybold Nachfolger KG. Com-
bined sales were last reported as $25-
million. The new firm commands
60% of Europe’s high vacuum mar-
ket and employs some 2,400. Because
of an expected increase in sales vol-
ume resulting from the merger, Her-
aeus-Englehard now is doubling the
size of its Monroeville facilities.

Development and manufacture of
new scientific instruments and vacuum

equipment are the plans of a new
joint company—Nippon Electric Var-
ian Ltd. in Tokyo. Varian Associates,
Palo Alto, Cal., and Nippon Electric
Co., Tokyo, collaborated in forming
the new international venture.

Air Products & Chemicals Inc., Al-
lentown, Pa., employs a 20,000-gal
cryogenic storage tank for liquid ni-
trogen to supply Eastman Kodak Co.
with high purity nitrogen gas. Built
at Kodak’s Rochester (N.Y.) facili-
ties, the plant produces 27,000 ft%/ hr
with total impurities of less than 5
ppm. Kodak contracted for the GN:
generator to assure a “highly reliable,
independent” source of large quanti-
ties of nitrogen. The cryogenic liquid
also can be vaporized for an uninter-
rupted supply of gas in case of power
failure.

Medical-grade liquid oxygen and
liquefied industrial gases (such as ni-
trogen) will be produced in another
Air Products & Chemicals Inc. plant
due to go on-stream this summer. The
$6-million plant, located in Wharton,
N.J., is expected to produce 500 tons/
day for use in electronics, metalwork-
ing, food processing, and refrigerated
transport.

Four British steel strip producers,
supported by the British Iron & Steel
Research Assn., are pooling $100,000
to set up a test plant this month for
vacuum coating steel. BISRA’s tech-
nologists say the plant, which should
be in production some time in Febru-
ary, will be located at the association’s
Sketty Hall, Swansea, Laboratory. The

four — Steel Co. of Wales, Richard

Thomas & Baldwin Ltd., Colvilles Ltd.,
and John Summers Ltd.—are showing
high interest in depositing “duplex”
finishes that are 1/5 as thick as hot-
dipped galvanizing but equally corro-
sion-resistant.

Design and construction of new low-
temperature, air separation plants is
the purpose of a joint venture between
Air Reduction Co., and British Oxy-

.gen Co. The new firm, Airco-Boc

Cryogenic Plants Corp., will allow Air
Reduction to manufacture cryogenic
plants for the first time. In addition,
the British-based counterpart, Boc-
Airco Cryogenic Plants Ltd., will open
U.S. markets to British Oxygen. In
the venture, Air Reduction will trade
cryogenic processing know-how and
knowledge of the U.S. market for
British Oxygen’s manufacturing capa-
bilities and facilities. =



VACUUM/CRYOGENICS PRODUCTS & PROCESSES

low-cost, compact LEED device
for surface structure studies

Further information about vacuum &
cryogenics new products and processes
in the following columns may be ob-
tained by circling the appropriate
number on inguiry card V11, The in-
quiry cards may be used as a conven-
ient abstract of products offered in
this issue. For fast response to in-
quiries, use the postage-paid IR en-
velope provided.

[1] Low ENERGY ELECTRON diffraction
devices find current wide value in the
study of surface structure and com-
position of several materials. Veeco
Instruments Ine., Plainview, N.Y., re-
cently announced availability of the
Model LM-1000 LEED device that
features advantages of both low cost
and compactness.

The instrument can be employed for
examining field-effect transistor sur-
faces—both MOS and MIS—to make
reproducible devices, stress corrosion
cracking in alloy metallurgy, catalytic
surface effects, surface absorption-de-
sorption characteristics of single crys-
tals, and- other basic physical and
chemical crystal phenomena.

Continuous display of crystalline
diffraction patterns is possible because
of a 3Vi-in.-diameter, fully hemi-
spherical phosphor screen. In addition,
a Veeco exclusive is a process allow-
ing suppressor grids manufactured to
tolerances within 0.001 in. of a perfect
hemisphere.

Grids are hard-chrome-plated, type
304 nonmagnetic stainless steel. Three
of them placed concentrically within
the hemispherical display screen pro-
vide almost total elimination of back-
ground light. Circle “1” on card V11
for more information from Veeco.

{21 VacuuM FORMING machines in-
corporating a completely new concept
of platen design and operation have
been introduced by Osborn Mfg. Corp.,
Warsaw, Ind. Designed for forming
thermoplastic sheets, the units fill in-
dividual manufacturers’ needs for spe-
cially engineered models—but within
“standard” price ranges. Platens de-
scend to floor levels for quick installa-
tion or removal of mold assemblies,
and unusually deep draws are possible
without increasing the machine’s
height. Optional adjustable frame at-
tachments also are available to allow
use of variable dimension sheets—up
to Y-in. thicknesses. Circle “2” on
card V11 for more information.

[3] ROTARY FEEDTHROUGHS with in-
termediate and high speeds, coupled

with high torque rotation, now are
available from Materials Research
Corp., Orangeburg, N.Y. MRC de-
veloped the low-cost units to intro-
duce linear rotation as an answer to
a growing list of applications in high

. vacuum space simulation chambers,

linear accelerators, zone refining de-
vices, and infrared systems. Of the
four new units offered, two are mag-
netically coupled and two are bel-
lows sealed. Model V4C-102M, for
example, is a magnetically coupled
feedthrough capable of achieving max-
imum operational speeds up to 15,000

- rpm—compared to the nearest com-

mercially rated speed of 750 rpm.
MRC’s bellows type Model V4C-103B
device features a well balanced torque
of 25 in./1b at a high revolution of
500 rpm. Circle “3” on card V11 for
further details from MRC.

[4] VacuuMm couPLINGS designed for
use at bakeout temperatures and high
pressures have been introduced by
Cajon Co., Solon, Ohio. The new
VCR couplings are type 316 stainless
stee] — available in tubing diameters
from 1/16th to 1 in.—that will oper-
ate to 9,000 psi. Features include
socket weld ends for easy welding or
brazing; no axial clearance is necessary
for disassembly; special ports are pro-
vided for helium leak testing; and
gaskets of aluminum, nickel, OFHC
copper, and “Teflon” are available.
Circle “4” on card V11 for additional
technical information.

[5] PorTABLE HELIUM LEAK detector
with a sensitivity to 107° atm-cc/sec
is a development of Varian Associates,
Vacuum Div., Palo Alto, Cal. The
low-cost detector — Model LD-50 —
consists of a lightweight control mod-
ule connected to an analyzing tube by
a 7-ft cable. Customer-specified metal-
gasket flanges or standard O-rings seal
the analyzer tube to any vacuum sys-
tem. Filament material made of pure
rhenium assures long life in the self-
cleaning ion gun. All operational con-
trols are included in the portable mod-
ule—along with a standard-equipment
audible alarm that signals leak rate
by a change in audio frequency. The
Model LD-50 indicates leaks in vac-
uum systems or components, furnaces,
helium-pressurized components, or it
can be used to upgrade the electronics
of obsolete leak detectors. Circle “5
on card V11 for more information.

{6] HiGH VACUUM FEEDTHROUGHS for
ultrahigh frequency applications are

NEW
ALL-STAINLESS
STEEL
GATE VALVES!

% Wafer-thin design
% Over-size openings
% Bellows-sealed

% Applicable into 10-1 torr
range

+“ Bakeahle to 200°C

% Interchangeahle manual and
pneumatic operators

[ ]
Write for Bulletin 22-06.

HERAEUS -
ENGELHARD
VACUUM, INC.

SECO RD., MONROEVILLE, PA. 15146

See inquiry card Vila.
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ONE

PARI

PER
MILLION

Model HE-43 Series DRI-LAB / :
and HE-373 Series DRI-TRAIN el 3 2 2

(Optional N,

STANDARD AND CUSTOM CONTROLLED INERT 2
Removal Capability)

ATMOSPHERE RECIRCULATING GAS PURIFICATION
SYSTEMS FOR SPACE AGE R & D AND PRODUCTION For full information write or call:

vACUUM/ =
ATMIOSPHERES
CORPORATION

7356 GREENBUSH AVENUE, NORTH HOLLYWOOD, CALIFORNIA

See inquiry card Vi2a.

PIPE OR TUBE?

We have observed a great trend toward
the use of tubing in making up small fluid
control systems these days.

To help you keep up with the trend we

have added a great group of Hoke valves

with integral Gyrolok tube connections to our
already over-extended line.

As a matter of fact, we have a special
catalog waiting just for you.

HOKE INCORPORATED

1 Tenakill Park, Cresskill, N. J. i'%u KE ,

See inquiry card V12h.
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the development of Ceramaseal Inc.,
New Lebanon Center, N.Y. The new
connector-type, low-power devices si-
multaneously feature quick-disconnect
provisions and are rated for operation
to 1 kv rms. Bakeable to 450 C, each
feedthrough has a high alumina ce-
ramic insulator bonded high-vacuum-
tight to a cap and flange of 42%
nickel-iron alloy. This flange in turn
is brazed or welded to a type 304
stainless steel vacuum flange or adap-
tor. Ceramaseal bonds the alumina
and nickel-iron in high vacuum fur-
naces by the active metal process.

_Tightness is checked on a helium mass

spectrometer sensitive to 107 cc/sec
STP. Circle “6” on card V11 for in-
formation on custom designs and
prices.

[7] ENVIRONMENTAL TESTING for
power transmission cable products to

. meet higher standards of quality con-

trol now is available in a new cham-
ber from Cincinnati Sub-Zero Prod-
ucts Inc., Cincinnati. Designated the
Model HWU-100-16, this device pro-
vides specific environments for test-
ing thermoplastic-insulated wires and
cables in controlled temperature ranges
from +75 to —110 F, as well as at
50% to 90% humidity conditions.
The 16-ft® stainless steel chamber is
used for determining such parameters
as water absorption, dielectric reten-
tion, ozone discharge, U-bend dis-
charge, and corona levels. Circle “7”
on card V11 for details.

[8] CRYOGENIC RESEARCH DEWAR that
offers greater heat removal capacity,
over a greater temperature range at
greater efficiencies than previously
available, is the product of Janis Re-
search Co., Stoneham, Mass. In the
“Super Vari-Temp,” cryogens from
the main dewar reservoir are bled into
the sampling volume via a throttling
valve — which eliminates drawbacks
such as with conventional devices
where varying exchange gas pressures
cause an inherent low temperature
limitation. Consequently, expensive
liquid helium is wasted at higher tem-
peratures. Other features of the Janis
dewar are: fast turn-around time of 5
min from room temperature to below
4 K; possible temperature range from
below 1.5 K to 300 K; and efficient
sub-lambda operation. In the latter
event, only the sample volume is
pumped, which leaves the main he-
lium reservoir at 4.2 K. Circle “8”
on card V11 for more technical de-
tails about the Super Vari-Temp.

[9] CRYOGENIC ATTACHMENTS for use
with x-ray diffractometers are the lat-
est development of Andonian Associ-
ates, Waltham, Mass. This variable
temperature device—designed for use
with Siemens, Picker, and General
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pumping performance per dollar
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Actual pump down curve for the 18 in. x 30 in. Viton
sealed bell jar system shown below, The system was
filled with partially dried room air, roughed down, and
the gate valve opened at 1 x 10-1Torr. A standard 1600
liter/second Electro lon pump then produced the results
shown above,

Compare the performance of Granville-Phillips’new electrostatic getter-ion.
pump with any other dry vacuum pump. For nearly the same investment,
the Electro lon gives you approximately three timesthe pumping speed. ..
the extra speed that produces results such as shown above.

Note also that it's a lightweight, compact, magnetless pump that mounts
in any position; supported only on its flange. Compare its low ultimate
pressure, automatic starting feature, stability in the presence of argon . ..
or any other characteristic. We think you will agree the Electro lon is a better
solution to your problems in clean pumping.

Need more information to make your comparison? Write us . . . we will send
complete technical information. Call us . . . we will have a field engineer at
your door promptly. Visit us . .. at our plant for a demonstration.

Write for Bulletin 217-1.

GRANVILLE-PHILLIPS COMPANY

5675 EAST ARAPAHOE AVE. « BOULDER, COLORADO 80302, U.S.A.

Advancing Vacuum Technology

4

see inquiry card V13.
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Electric_diffractometers—provides us-
ers the opportunity to study samples
spectroscopically in a temperature con-
tinuum from 1.5 K to 400 K. Ad-
vantages here are significant improve-
ment of spectral resolution, minimal
background noise, and increased reso-
lution of secondary spectral features
—all as a result of lowered tempera-
tures. Andonian’s attachment allows
sample changing without removing or
dismantling the dewar; complete pre-
cision positioning of samples is pos-
sible, including =30-degree rotation
about a horizontal axis. Optional ac-
cessories give temperature control to
+0.001 K. Circle “9” on card V11
for more details.

{10] L1QuID NITROGEN TRAP FILLER in-
troduced by Vacuum Industries Inc.,
a subsidiary of GCA Corp., Alexan-
dria, Va., provides smooth flow of LN,
in cold traps, shrouds, and cryogenic
transfer lines in a self-contained unit.
The Model MVRC 1296 features auto-
matic venting and level control in any
LN, system to achieve constant fluid
and pressure levels as well as con-
tinuous supply in the liquid phase—
even with slow or intermittent flow
rates. VI’s device is completely insu-
lated, and it is a nonelectronic me-
chanical system requiring no flushing
or purging. The float-operated trap
filler excludes water vapor or other
contaminants by means of an exhaust
valve that closes as liquid levels rise
or when gas pressure drops below 3
psig. When the pressure again rises,
the exhaust valve automatically opens
to protect both the valve and the sys-
tem. Circle “10” on card V11 for
further information.

[11] VACcUUM EVAPORATOR With speed,
efficiency, and time-saving advantages
of fully automatic control is available
from Varian Associates, Vacuum Div.,
Portland, Ore. The new Model VE-30
incorporates fail-safe features for pro-
tecting personnel, equipment, and proc-
esses against power failures, implosion,
gross leaks, and negligence. Pump-
down to 107¢ torr takes only 7 min;
working vacuum is in the 107 torr
range. Included with the Model VE-
30 are a stainless steel, 6-liter-capacity
cold trap with an anticreep baffle; a
1,440 liter/sec diffusion pump; a 2-
kva filament power supply; a Pirani
gage; and a Bayard-Alpert iomization
gage with seven linear scales covering
the range between 107 and 2 x 10™
torr, Its 18- x 30-in. work area is ideal
for thin film deposition work, RF
sputtering, and materials testing. Circle
“11” on card V11 for more details.

[12] SOLAR PLASMA WIND SIMULATOR
designed for spacecraft instrumenta-
tion calibration has been introduced
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by Physics Technology Laboratories,
La Mesa, Cal. With the simulator, pro-
ton beams from 10- to 30-cm diame-
ters are produced for research on ma-
terials to determine long-term exposure
effects of physical properties. The con-
tinuous and parallel, large-diameter
beams are space-charge neutral, are
pure up to 95%, and have densities
to 10° particles/cm?®. In addition, the
device can deliver controlled proton
energy for the range from 100 to
5,000 electron volts. Plasma beams of
gases other than hydrogen also can
be produced with controlled energies
in the 2- to 10-electron-volt range.
Circle “12” on card V11 for data.

{13] FREEZE ETCH APPARATUS from
Denton Vacuum Inc., Cherry Hill,
N.J., allows freeze etching of plant,
animal, and even inorganic materials
by sublimation in high vacuum. The
Model DFE-2 freezes biological mate-
rial—usually in aqueous suspension—
for later sectioning under the high
vacuum. After metal shadowing and
carbon replication, electron micro-
graphs of the material show cell struc-
ture details in depth. DFE-2 features
adjustable temperature control from
—190 C to ambient and can be cycled
in less than 30 min. Circle “13” on
card V11 for data.

[14] JoN SUBLIMATION system for
such research applications as environ-
mental testing, long-term materials
studies, and thin film research has
been introduced by Consolidated Vac-
uum Corp., Rochester, N.Y. Com-
pletely portable, the table-top Model
CVI-12 features a “Quick Start” ion
pump and a triode element for argon
pumping that is five to 25 times
higher than conventional diode pumps.
Helium speeds are 2% times higher.
The vacuum chamber is a nominal
12-in.-diameter by 18-in.-high bell jar
with guard and is equipped with eight
feedthrough ports. CVC’s Quick Start
pump, vertically mounted on the base-
plate, starts reliably at pressures from
50 to 100 millitorr. Also, the only
external service required is 115-vac,
4-amp, single-phase, 60-cps power.
Circle “14” on card V11 for more
information from CVC.

[15] OIL QUENCH VACUUM FURNACE of
revolutionary design provides preci-
sion, versatility, economy, and safety
in a single furnace—combined for the
first time—used for hardening, braz-
ing, annealing, and other heat-treat-
ing operations, according to its devel-
opers, C. I. Hayes Inc., Cranston, R.I
Designated the Model VCQ, the Hayes
furnace is unusually flexible in offer-
ing both atmosphere and liquid quench-
ing. Vacuum gives the “universal at-
mosphere” for coping with materials

that would otherwise require several
furnaces and atmospheres—endother-
mic or exothermic gases, dissociated
ammonia, and hydrogen. Circle “15”
on card V11 for more information
about the Model VCQ furnace.

[16] TANTALUM ELEMENT VACUUM
furnace designed for annealing reac-
tive metals, degassing, diffusion bond-
ing, and stress relieving has been intro-
duced by Vacuum Industries Inc.,
Somerville, Mass., a subsidiary of GCA
Corp. The new cold wall type high
temperature furnace operates at tem-
peratures to 2900 F at vacuums in the
10 torr range. Called the Model
2118-1600 (Series 3400), it employs
tantalum strip heating elements— six
of which are individually connected to
water-cooled electrodes. Fast, positive
pumpdown results from a high speed
diffusion pump and a 50-cfm combina-
tion mechanical pump. Also, valves
are pneumatically operated and se-
quence controlled for full automatic
operation. Circle “16” on card V1l
for complete details.

[17]1 VACUUM CAPACITANCE MANOME-
TER that employs solid-state logic cir-
cuits and a precision tapped binary
ratio transformer has been introduced
by MKS Instruments Inc., Burlington,
Mass. The new low pressure device

. features automatic, high accuracy, a-c

nuil balance readout from a variable
capacitance sensor. The Series 100
“Baratron” displays absolute or dif-
ferential pressures—to as low as 107
torr—directly on a five-place nixie
tube readout. A sixth place indicates
over-range readings. Paraliel electrical
outputs are supplied either in BCD or
18-bit straight binary form. Repeat-
ability of the device is given as 0.2%
of reading, plus one digit. Maximum
resolution—including use of a residual
voltage interpolator meter—is one part
in 107. Circle “17” on card V11.

[18] TURBO-MOLECULAR PUMPING
units from Welch Scientific Co., Sko-
kie, IIl., incorporate new pumping
speeds of 260 liters/sec and a guaran-
teed ultimate of 1-2 x 107 torr. In
addition, overall height has been re-
duced to 36V in.—compared to an
earlier 43% in. The completely rede-
signed Model 3102D also is noncon-
taminating to the vacuum system, is
self-cleaning, uses no pumping fluids,
does not permit backstreaming of the
fore pump oil or lubricating oil, will
remove effectively all hydrocarbons in
the system, and will pump all gases
including noble gases. In addition, the
device offers easy leak detection, will
pump helium without danger of re-
ejection, and cannot be damaged by
high pressures. Circle “18” on card
V11 for more data. m



Will it sell?

MARKET
RESEARCH

can provide the answer

If you are developing a new tech-
nical product or expanding your
present line, there are some vital
questions that should be an-
swered.

The Research Dept. of Industrial
Research Inc. can define the mar-
~ ket for you through mail surveys,
personal interviews, and telephone
contacts.

For years now, we've been re-
searching the technical market
for a wide variety of industrial
products and have at our disposal
a universe of 80,000 scientists, en-
gineers, and technical managers
in all the manufacturing indus-
tries—plus 26,000 individuals in-
volved in ocean science and tech-
nology.

Now, these services are available
to conduct research projects for
technical companies and other
organizations on a contract basis.

It's always good to obtain an out-
side opinion. The Research Dept.
of Industrial Research Inc. can
construct questionnaires; obtain
data; and tabulate, analyze, and
interpret the information gathered
with an objective viewpoint.

Publishing a broad technical ma-
gazine requires experts in all
areas of applied research and
product development. These key
individuals can offer suggestions,
new ideas, and information per-
taining to your problem.

For additional information, return
the inquiry card or write:

Research Dept.

INDUSTRIAL
RESEARCH

Beverly Shores, Ind. 46301

See inquiry card V15,

VACUUM/CRYOGENICS
MEETINGS
‘

FeB. 19-Mar. 1: Short Course—Vac-
uum Technology 869.1, Univ. of Cali-
fornia at Los Angeles. (Contact Di-
rector, Engineering & Physical Sci-
ences Extension, Univ. of California

Extension, Box 24902, Los Angeles

90024.)

Mar. 7-8: Society of Vacuum Coaters
Annual Conference, Fontainebleu Ho-
tel, Miami Beach. (Contact Gene
Nixon, publicity chairman, Society of
Vacuum Coaters, Box 3095, Cleve-
land 44117.)

Mar. 18-20: Intl. Symposium on
Chemistry & Cold, Nice. (Contact So-
ciete De Chimie Industrielle, 80, Route
De St. Cloud, 92 Rueil, Malmaison,
France.)

MAR. 24-28: Intl. Conference on Vac-
uum Ultraviolet & X-Ray Spectroscopy
of Laboratory & Astrophysical Plas-
mas, College Park, Md. (Contact Di-
rector of Institutes, University Col-
lege, Univ. of Maryland, College Park,
Md. 20740.)

ApPR. 3-5: IEEE Intl. Conference on
Magnetics (Intermag), Sheraton Park
Hotel, Washington, D.C. (Contact Dr.
J. M. Lommel, General Electric Re-
search & Development Center, Box 8,
Schenectady, N.Y. 12301.)

APR. 3-5: Symposium on Engineering
Aspects of Magnetohydrodynamics,

University of Tennessee Space Insti-

tute, Tullahoma. (Contact Director,
Continuing Education, University of
Tennessee Space Institute, Tullahoma,
Tenn. 37388.)

APR. 7-10: European Cryogenic En-
gineering Conference, Brighton, Eng-
land. (Contact c¢/0o Heywood & Co.,
Callton House, Great Queen St., Lon-
don, WC 2, England.)

APR. 15-25: Short Course on Vacuum
& Cryogenics Technology with Appli-
cation to Space Science, University of
Tennessee Space Institute, Tullahoma,
Tenn. (Contact Director, Continuing
Education, University of Tennessee
Space Institute, Tullahoma, Tenn.
37388.)

APR. 17-19: Intl. Union for Vacuum
Science General Meeting on Tech-
nique & Applications, Manchester,
England. (Contact Technical Secre-

tary, 47 Belgrave Square, London, SW.

1, England.)

APR. 17-20: Intl. Vacuum Congress,
Renold Bldg. of the Manchester Col-
lege of Science & Technology, Lon-
don, England. (Contact Secretary,
Joint British Committee for Vacuum
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ilable in an improved: manual ver
-ultraclean. The Veeco Model
716M - 3% -in. evaporator features a

¥ . relisble butterfly-type high ‘yacuum
[l valve. The unit’s design-is straigh
ward; ‘with a minimum of controls ;

“name

position

;' . company

address

state
[1 Immediate [} Future

| Tity
Application:

1R Vac/Cryo Section -Jan

V.o with polyimide seals are the products»
£ Varian Vaewum Div. Bakeable to.

‘ are mterchangeable with Vlton-A «a
- Q). Return card for complete details.:
see page v

[ position

company

address

state zip'ebqe«\
] Immediate " ] Future =i >

city
Application:

remarks 1*R Vac/Cryo Section Jan 68

‘E-BEAM’ SUBLIMATION g
.pump from Ion Technology Inc. ex
B itends TSP life 40-fold to over 2,000
~ hours at 107 torr. Electron beam sub
[l limation from large titanium sources—.
- a total of 28 g—reduces maintenan
and improves performance. Return tlns
" eard for catalog from ITI.

seepago 55

. name

i position

company

address

- Tty state zipcode
Application: [ immediate [I'Future -

remarks I*R VaC/Cryo Section Jan68 .

‘GYROLOK’ TUBE FITTINGS L
. from Hoke Mfg. Co. are available in .
a variety of materials, shapes, and sizes.
The fittings are used by chemiecal proc- -
essors, instrument manufacturers, re- °
search labs, and aerospace contractors.
For O some of their test data or 1 a
36-page catalog, return this card. :

see page \J7 ;‘
name .
position
company
address ]
city state Zip code .

Application: O !mmediate {J Future -

remarks I*R Vac/Cryo Section ian 68




. from Airco Kryosystems mounts dis
rectly on' your superconducting  dewar.
The #Purbo-Expander”  refrigerator/
liquefier operates continuously without
fioise ‘or vibration. Rate it 40-watts at
477K or 125 watts at 20 K. Return this
card for full details from Kryosystems.

see page \JQ

for space-age R&D -and uction are:
available - from~ Vel iospheres |
Corp. Sensitivity is one part per million  §
0, and Hy—with an optional N, capa-:

bility, Return card for mere data.

| weroV12a

- name

name

£ models

position

position

: company

address

:Gity T state . zipcodés

Apptication: [} immediate’ {7 Future

‘ company

v address

ity

Applit;ation:

1*R Vac/Cryo Sectigin . Jari 68

.. of all gases, including the nobles, ma
é obtained with the new Welch 3102
low profile, turbo-molecular, ultra-hig]
vacuum  pumping . unit; ~The caster
‘mounted system is just 3614 -inches high
Itis equipped with:a by-pass pumpdown

ne. Rgturn card for full ‘informmation. .

see page v10

position

remarks -

valves with integral

- nections have bee
‘sive line. . Return this

. receive a free catalog,

- name

. position

. ~company

; adqresé

i address

city state’ - zip.code

“Application: [J Immediate - [ Future

i,

Application:

J*R Vac/Cryo Section :, Jan 68

‘PRODUCT-PROCESS DATA

. on.developments mentioned in “Vae.
. uum/Cryogenics Products & Processes.”
“Simply: circle ithe appropriate,numberl

‘7 8 9 10
17 18 19 20

~and return.

1278 45 6
11121814 .16 16-
21 2223 24 25 26

rematks

... from Granville-P}
electrostatic getter

- -wides three times the sp

__ably ‘priced pumps. Lig
compaect; the Electro Ion fea

- ultimate. pressure and. automati

ing. Return card for ils. .

: name. :

eepreo\]1

name. .

position

- ‘position

- company.

: address ;¢

state 5 Zip code:w
¢ [ Immediate [ Future = . oo

,‘cityg : b state
“Application: [T Immediate {1

f«R Vac/Cryo Section  Jjan. 68

Ine. are all stainless steel 'and feature
wafer-thin. design, over:sized openings; |

and bellows. sealing. Valves are applic-
able for vacuums of up to 10°1° torr, and

they .are bakeable t0:200: C.. Return this:

card for Bulletin 22-06. :

semeeylla

- remarks’.

 KNOW YOUR

... when you plan a new venture,

syour product. line;. or:

lagging sales. The Researe
dustrial Research Inc. can

.+ market with surveys,

ity — state Zip code. |

Application: [1 immediate. (] Future *

I*R.Vac/Cryo Section : Jan 68

Sciénce & Technology, 47 Belgrave
Square, London, SW 1, England.)

APR. 28-MaY 1: Institute of Environ-
mental Sciences Annual Technical
Meeting & Equipment Exposition,
Chase-Park Plaza, St. Louis. (Contact
Domenic N. Cerasuolo, Institute of
Environmental Sciences, 940 E.
Northwest Highway, Mt. Prospect, Ill.
60056.)

JuNe 9-12: Cryogenic Society of
America/Illinois Institute of Technol-
ogy Cryogenic Technology Symposia,
Clinics & Exposition, Sherman House/
T, Chicago. (Contact Dr. Harold
Weinstock, Dept. of Physics, Illinois
Institute of Technology, Chicago
60616, 312/225-9600.)

June 10-13: American Vacuum So-
ciety Vacuum Metallurgy Conference,
Beverly Hills, Cal. (Contact Larry W.
Sink, arrangements chairman, Vacuum

' Metallurgy Div., American Vacuum

Society, Pratt & Whitney Aircraft,
Middletown Plant, Middletown, Conn.

- 06458.)

JUNE 24-27: AFSC Symposium on
Bioastronautics & the Exploration of
Space, -San Antonio, Tex. (Contact
Jack Harmon, symposium coordinator,
Southwest Research Institute, Box
2296, San Antonio, Tex. 78206.)

June 25-28: IEEE Conference on
Precision Electromagnetic Measure-
ments, National Bureau of Standards
Laboratories, Boulder, Colo. (Contact
Donald D. King, Aerospace Corp.,
Box 95085, Los Angeles 90045.)

AUG. 19-21: National Research Coun-
cil of the National Academy of Sci-
ences & Engineering Cryogenic En-
gineering Conference, Case Western
Reserve University, Cleveland. (Con-
tact Dr. Richard H. Kropscnot, tech-
nical program chairman, Cryogenic
Engineering Conference, Natl. Bureau
of Standards, Boulder, Colo. 80302.)

Avg. 21-28: Short Course on Low
Temperature Physics, Univ. of St. An-
drews, North Haugh, St. Andrews,
Scotland.

OcT. 28-31: Instrument Society of
America Conference & Exhibit, Stat-
ler Hilton Hotel & Coliseum, New
York. (Contact Mr. O. W. Williams,
Conference Program Coordinator, In-
strument Society of America, 530 Wil-
liam Penn Place, Pittsburgh 15219.)

Oct. 29-Nov. 1: American Vacuum
Society Annual Symposium, Hiiton
Hotel, Pittsburgh. (Contact W. IJ.
Lang, Westinghouse Research Labo-
ratory, Beulah Road, Churchill Ber-
ough, Pittsburgh 15235.) =
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“The 49, or less increase is a considerable drop
from the average R&D annual growth rate

of about 129, for the last 15 years.

Part of this percentage decrease can be attributed
to a larger dollar volume, but signs

of a leveling off have been evident for several years.”

“Three federal agencies (Dept. of Defense, NASA,
and Atomic Energy Commission) again will spend
more than 909 of the government’s $15.5-billion
R&D budget, but the distribution will change

with the recent cut in the space budget and growth
in defense funding.”

“NASA has been hardest hit by the government R&D
slowdown. Nearly all of the post-Apollo planetary
programs have been killed or deferred. From a peak -
civilian employment of 421,000 in the space program
in 1966, the personnel figure is expected to drop

to 260,000 during the coming year.”

~$25-BILLION FOR RESEARG

R “Industry will finance about $8.5-billion
— N of the total R&D effort, compared to $7.8-billion
’ in 1967 . .. Following the usual pattern, industry
will perform almost $17.3-billion, or 65%,

of the $25-billion R&D total.”

“The research industry is passing through a transitional

period that could bring about a much lower and earlier

plateau in R&D support than anyone anticipated.
Although R&D expenditures will continue to rise,

it appears that the research industry

has lost the momentum that it had during the late

1950s and the early 1960s.”

“It is unlikely that there will be an upsurge

or redirection of R&D unless the Vietnam war is settled—
-or until more government and industrial leaders

recognize the full impact of science and innovation

in our society and the far-reaching implications

of curtailing such efforts.”




Vietnam costs, ‘soft’ economy,

cause slowdown 1n R&D EXPE

and cutback-minded Congress

NDITURES.

The research growth will drop off toL% as the level
of spending approaches $25-billion during the coming year.

by Dr. Victor J. Danilov, executive edit

THE coMING YEAR will be a diffi-
cult one for the nation’s research
industry.

Vietnam war costs, a jittery econ-
omy, the Presidential election, and an
economy-minded Congress will have a
serious dampening effect on research
and development activities.

Although the nation’s R&D spend-
ing will continue to climb, the overall
increase will be the smallest since 1955.

It appears that total research and
development expenditures will increase
only from about $24-billion to slightly
less than $25-billion, or 4%, in 1968.

If conditions should worsen, the
amount of the increase could be even
less—perhaps as little as $500-million
instead of almost $1-billion.

The 4% or less increase is a con-
siderable drop from the average R&D
annual growth rate of about 12% for
the last 15 vyears. Part of this per-
centage decrease can be attributed to
a larger dollar volume, but signs of a
leveling off have been evident for
several years.

The average annual R&D growth

rate for 1953-58 was 15.8%, but it
declined to 9.5% for 1959-65. The
growth slipped to about 8% in 1966
and to around 5% in 1967.
" The federal government, which was
responsible for the R&D funding surge
_in the 1950s, also has caused the re-
cent slowdown in research support.

Federal R&D programs experienced
only a nominal increase last year, and
will have to struggle to avoid 2a de-
crease in 1968. All federal research
administrators have been told to hold
the line or to reduce spending, and not
to launch any new R&D programs
unless imperative to the national de-
fense or welfare.

Only the increased cost of doing
research (higher salaries, more costly
equipment, etc.) will keep the federal
R&D expenditures from being lower
than in 1967.

As has been the case in recent years,
most of the increase in R&D spending
in 1968 will come from industry. But
even in industry, research and develop-
ment activities are being inhibited by
the lack of government support, a
“soft” economy, and an unclear view
of the future. -
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The basic problem seems to be
that the Johnson Administration and
Congress no longer are convinced that
it is necessary, Or even desirable, for
the nation to have a high level of
R&D support.

When it became evident last fall
that federal funds for nonmilitary ac-
tivities were going to be scarce, Con-
gressional leaders quickly singled out
federal R&D for pruning—even sug-
gesting a 10% across-the-board cut.

Instead of pointing out the need for
increased research and development to
stimulate technological progress and
to improve the nation’s general wel-
fare, the Administration began to roll
back R&D programs.

As a result, many companies Te-
acted by holding up R&D plans until
they could determine the extent of
the government slowdown.

The government move also caused
concern among universities and other
nonprofit organizations, which depend
heavily upon federal funds.

The R&D outlook, therefore, will
continue to be muddled until President
Lyndon B. Johnson clarifies the Ad-
ministration’s position on research and
spells out the coming fiscal year budget
plans.

A grim outlook

At the moment, the R&D picture
appears as follows:

s ToraL R&D EXPENDITURES. The
nation will invest between $24.5- and
$25-billion in rtesearch and develop-
ment in 1968, with the figure likely
to be closer to the latter. This is an
increase of about 4% over the nearly
$24-billion spent in 1967. The totals
do not include more than $1-billion
for physical plant.

m SOUrRCEs oF FUnDs. The federal
government again will provide the
bulk of R&D funds, despite the “hold-
the-line” policy. Of the predicted $25-
billion total, about $15.5-billion, or
62%, will come from Washington.
This is an increase of $300-million
over last year. However, if the Ad-
ministration continues to keep the lid
on R&D funds, the government’s share
could temain closer to the $15.2-bil-
lion level for 1968.

Industry will finance about $8.5-

or, and the staff of Industrial Research

billion of the total R&D effort, com-
pared to $7.8-billion in 1967. But the
industrial figure could fluctuate, de-
pending upon changes in government
spending and the economy. Seventy-
five large research-oriented companies
participating in the annual Industrial
Research forecast survey reported they
planned to increase R&D expenditures
an average of 6.8%, compared to
nearly 12% estimated by the same
companies last year. .

No major change is anticipated in
the support of research and develop-
ment by universities and other non-
profits, where the funding levels are
approximately $800-million and $200-
million, respectively.

m PERFORMANCE OF R&D. Follow-
ing the usual pattern, industry will
perform almost $17.3-billion, or 65%,
of the $25-billion R&D total. In 1967,
industry was responsible for $16.6-
billion of the dollar volume. Nearly
all of the $700-million increase will
come from company funds.

Federal laboratories will handle less
than $3.5-billion of -the government’s
$15.5-billion R&D expenditures. This
is only about $100-million more than
the 1967 in-house load.

The R&D volume of universities,
which conducted slightly more than
$3-billion in research last year, will
climb to almost $3.3-billion. Of this

~ amount, about $700-million will come

from the federal government for the
operation of federal contract research
centers, such as NASA’s Jet Propul-
sion Laboratory and the AEC’s Ar-
gonne National Laboratory.

" Nonprofit research organizations,
which include the independent research
institutes and the captive government-
sponsored corporations, will perform
slightly more than $900-million in
R&D in 1968—an increase of some
$100-million over last year.

a NaTure oF R&D. Most of the
R&D funds will continue to be used
for applied or developmental work.
About 64% will go for development
and 22% for applied research. Al
though basic research funds have been
increasing steadily, they should level
off at about 14% in 1968.

Approximately 70% of the R&D
support will be in the physical sci-



LAUNCH of 36-story Saturn 5

moved NASA closer to manned lunar
landing. But agency’s post-Apollo
plans are curtailed by lack of funds.

ences. The life sciences will receive
about 24%, with the remaining 6%
being devoted to the psychological,
social, and other sciences.

In terms of defense and nondefense
programs, the ratio of expenditures
will stay about the same—30% for
military-related R&D and 70% for
nondefense programs.

m R&D MANPOWER. More than
700,000 fulltime-equivalent scientists,
engineers, and technicians will be en-
gaged in R&D in 1968. Of this total,
some 500,000 will be scientists and
engineers. About 350,000 will be em-
ployed in industry, 70,000 in govern-
ment, 65,000 in universities, and

15,000 in other nonprofit institutions.

The national average expenditure
per R&D scientist or engineer should
approach $45,000 during the coming
year, as opposed to $40,600 in 1965.
It is interesting to note that the lowest
cost ratio in 1965 was at universities,
($34,100), while the highest average
was at federal contract research cen-
ters operated by universities ($58, 200)

Drop in R&D ratio

The diminishing role of research
and development in the last year or
so can be illustrated best by funding
comparisons with the gross national
product and total federal expenditures.

R&D outlays have been at least 3%
of the gross national product for about

-a decade. This year, the ratio will

drop to 2.9% if the GNP reaches the
predicted $840-billion-plus.

As for federal expenditures, R&D’s
percentage of the budget increased
every year between 1953 and 1965.

_Since then, when an all-time high of

15.4% was reached, R&D’s share has
decreased dramatically. It will decline
to less than 12% of the budget in
1968.

Three federal agencies (Dept. of
Defense, NASA, and Atomic Energy
Commission) again will spend more
than 90% of the government’s $15.5-
billion R&D budget, but the distribu-
tion will change with the recent cut
in the space budget and growth in
defense funding.

Likely expenditures for the three
large research-oriented agencies for
1968 now appear to be $7.2-billion for
the DOD, $4.6-billion for NASA, and
$1.4-billion for the AEC.

The remainder of the federal R&D
budget will be roughly as follows:
Dept. of Health, Education & Welfare,
$1.2-billion; National Science Founda-
tion, $480-million; Dept. of Agricul-
ture, $260-million; Dept. of Transpor-
tation, $180-million; Dept. of Interior,
$120-million; and Dept. of Commerce,
$60-million.

NASA has been hardest hit by the
government R&D slowdown. Nearly
all the post-Apollo planetary programs
have been killed or deferred. From a
peak civilian employment of 421,000
in the space program in 1966, the
personnel figure is expected to drop
to 260,000 during the coming year.

Aside from the scarcity of funds
because of the Vietnam war, NASA’s
financial problems can be attributed to
the tragic Apollo spacecraft fire, the
failure to adopt a firm space policy
for the 1970s, and the lack of strong
public support for the space program.

Other federal agencies also have
been having their problems. The Dept.
of Defense, for instance, has been
criticized for its handling of the pivot-
wing F-111 program, delaying the de-

velopment of antiballistic missile sys-
tem, and the effectiveness of its Plan-
ning, Programing & Budgeting System
(PPBS).

The Atomic Energy Commission has
been under attack from Rep. John P.
Saylor (R-Pa.) for its handling of the
civilian nuclear program. Rep. L. H.
Fountain (D-N.C.) has assailed the
National Institutes of Health for “lax-
ity, inefficiency, and irresponsibility”
in the administration of research
grants. The National Science Founda-
tion has been prodded by Rep. Emilio
Q. Daddario (D-Conn.) and Sen.
Edward M. Kennedy (D-Mass.) to
assume a more forceful role in science
matters.

Members of Congress also have
been critical of a wide range of R&D
activities, including the uneven geo-
graphical distribution of funds, the
inefficiency and waste of scientific
equipment in government laboratories,
the duplication and ineffectiveness of
technology transfer efforts, the selec-
tion of sites for federal laboratories,
the need for a technology assessment
board, and the neglect of research in
the social sciences.

The increasing concern of Congress
with R&D is reflected in a recent re-
port which showed that 20 House
committees, 16 Senate committees, and

" two joint committees have jurisdiction

over various aspects of federal re-
search and development.

The industrial outlook appears more
hopeful because an increasing number
of companies are realizing the im-
portance of greater R&D investments
in new product development.

The annual Industrial Research sur-
vey of leading research-oriented com-
panies reveals that they are planning
a 6.8% average increase in R&D fund-
ing in 1968.

Of the 75 respondents, 53 intend to
increase the R&D expenditures, 18
will maintain their present levels, and
only four foresee decreases. The sur-
vey companies performed more than
$2.8-billion in R&D last year.

Of the 55 companies that engage in
federal R&D, 17 expect to perform
more government work during the
coming year, 29 will handle about the
same volume, and nine anticipate a
decrease in the federal workload.

Nearly all of the 75 survey partici-
pants intend to hire more scientists
and engineers in 1968, with the aver-
age being 168 new professional staff
members. About half will be replace-
ments and half additional personnel.

Uneven funding pattern

Among the companies that expect
to increase their total R&D expendi-
tures are: EG&G Inc., 25%; Air
Products & Chemicals Inc., 17%;
Perkin-Elmer Corp., 13%; 3M Co.,
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11%; Xerox Corp., 10% to 15%;
Republic Steel Corp., 10% ; Eastman
Kodak Co., 8% to 10%; Dow Chem-
ical Co., 8% ; and Raytheon Co., 5%.
No substantial changes are antici-
pated by Allied Chemical Corp., Allis-
Chalmers Mfg. Co., Bethlehem Steel
Corp., Boeing Co., Control Data Corp.,
E. . du Pont de Nemours & Co,
Swift & Co., Union Carbide Corp., and
West Virginia Paper & Pulp Co.
Among the decreases reported were
the Kaman Nuclear Div. of Kaman

Corp.,, —20%; Crucible Steel Co.,
—10%, and General Electric Co.,
—5%.

Again this year, most of the na-
tion’s industrial R&D will be financed

and performed by five industries—-air- -

craft and missiles, electrical equip-
ment and communications, chemicals
and allied products, motor vehicles
and other transportation, and ma-
chinery.

The aerospace industry will have

“the greatest R&D expenditures ($6.435-

billion), but will rank only third in
company-funded research and develop-
ment with $1.2-billion.

Placing second in total spending and
first in industrial funding will be the
electrical-electronics industry, which
will perform ‘about $3.75-billion and
finance $1.5-billion.

The chemical industry will have a
$1.65-billion R&D dollar volume, of
which some $1.4-billion will be corpo-
rate funds. )

Transportation will be fourth in
both expenditures and funding. It
should handle about $1.45-billion in
research and development. Of the to-
tal, approximately $1.15-billion will
come from company budgets.

Rounding out the “big five” will be
the machinery industry, which expects
to perform $1.3-billion in R&D and
to support $1.05-billion of the total
from its own funds.

Below the billion level

The second tier of industrial R&D
consists of two industries — profes-
sional scientific instruments and pe-
troleum refining and extraction. The
instruments industry will spend $560-
million (including =~ $400-million in
company funds), while the petroleum
industry will have total R&D expendi-
tures of $500-million (of which about
$440-million will be financed by com-
panies).

Two metals industries lead the third
grouping of industries. Primary metals
will spend $260-million ($242-million
in company funds) and fabricated
metal products will account for $220-
million ($215-million -financed inter-
nally).

They are followed by rubber prod-
ucts, $200-million (including $185-
million in company funds); food and
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_industrial R&D outlook for 1968

v Based q:r'qundu"stﬁ@l Rese@rci&- and'National:Sciencely’ozihdatibn figures::

R&D expeﬁditures planned for 1968

Based on annual Industrial Research. forecast survey

kindred products, $190-million ($185-
million); stone, clay, and glass prod-
ucts, $165-million ($160-million);
paper and allied products, $90-million
($89-million); and textiles and ap-
parel, $50-million ($49-million).

All other industries will perform a
total of about $480-million in re-
search and development in 1968. Of
this amount, $240-million will be sup-
ported by the companies.

In most industries, the increases
will range from 5% to 10% over 1967
figures. Many companies, however,
will keep their R&D budgets at the
same level because of the bleak gov-
ernment contract outlook and the un-
certain economy.

In general, the research industry is
passing through a transitional period
that could bring about a much lower
and earlier plateau in R&D support
than anyone anticipated.

During the coming year, many gov-
ernment and industrial programs will
be re-evaluated. It is quite likely that
a considerable number of projects of
doubtful value will be trimmed or
dropped.

Unfortunately, pressures for a cut-
back also will kill many worthwhile
programs and cause the indefinite post-
ponement of some key projects.

Although R&D expenditures will
continue to rise, it appears that the
research industry has lost the momen-
tum that it had during the late 1950s
and early 1960s.

It is unlikely that there will be an
upsurge or redirection of R&D until
the Vietnam war is settled—or until
more government and industrial lead-
ers recognize the full impact of sci-
ence and innovation in our society and
the far-reaching implications of cur-
tailing such efforts. m



“The total synthesis of a gene is at least 10 years away.
However, by using purified enzymes in his syntheses,
the biochemist has succeeded in replicating lengths

of DNA comprising several genes. The test-tube
synthesis of a fully infectious DNA virus

was announced only months ago.”

—Dr. Arthur Kornberg, professor and executive head, Dept.

of Biochemistry, School of Medicine, Stanford University, and
1959 Nobel laureate in physiology and medicine, page 64.

“The new methods of stereospecific polymerization
recently have acquired great importance. They allow

the synthetic production of macromolecular substances
identical with natural ones, such as cis-1,4 polyisoprene
(identical with natural rubber), and new types

of stereoregular macromolecules.”

—Dr. Giulio Natta, professor and director, Industrial Chemistry

Dept., Polytechnic Institute of Milan, Italy, and 1963 Nobel
laureate in chemistry, page 66.

“Man is, indeed, on the brink of a major evolutionary
perturbation—uvegetative propagation. [ am . . . puzzled
by the rigor with which asexual reproduction

has been excluded from the vertebrate as compared

to the plant world, where its short-run advantages

are widely exercised.”

—Dr. Joshua Lederberg, professor of genetics, School

of Medicine, Stanford University, and 1958 Nobel laureate
in physiology and medicine, page 67.

QUTLOOK BY NOBEL LAUREATES

“In this new period (of organic chemistry), the scope
will be enormous. As in the past, its mainspring
“will lie in the fascinating complexity
of living matter, in the understanding
of its detailed composition, its methods of synthesis,
its means of adaptation, and in the essential
basis of specificity.”

—Lord Alexander Todd, professor of organic chemistry,
Cambridge University, England, and 1957 Nobel laureate
in chemistry, page 68.

“Can new antibiotics be expected to take up

where the others have left off? Unfortunately,

the introduction of new desirable chemical entities
into clinical medicine has lagged somewhat

in recent years, even though an increasing number

of new antibiotics have been introduced every year.”
—Dr. Selman A. Waksman, professor emeritus, Institute

of Microbiology. Rutgers, The State University,
and 1952 Nobel laureate in physiology and medicine, page 70.




Research in

BIOCHEMISTRY

18 showing how
heredity works.

by Dr. Arthur Kornberg,
professor and executive head,
Dept. of Biochemistry, School of
Medicine, Stanford University,
ond 1959 Nobel laureate
physiology and medicine.
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PR HE MAN SEATED NEXT TO ME in
the airplane had heard of DNA,
although he was not sure why, but
he had never heard of ATP. These
two symbols which stand for the most
crucial units in the heredity and econ-
omy of living cells deserve to be as
well understood as the planets, the
rivers, and baseball statistics.

With even a casual grasp of the
meaning of DNA and ATP, my fel-
low traveler could recognize that there
has been a major revolution in biology
in the past two decades and that this
new knowledge might profoundly alter
his life in the next two.

Louis ' Pasteur demonstrated con-
clusively a century ago that yeast cells
were responsible for transforming the

. insipid juice of the grape into spark-

ling wine. He also persuaded every-
one that the conversion of sugar to
alcohol in this process required an
intact, living cell.

An accidental discovery at the start

‘of this century showed that simple

juices extracted from these yeast cells
also could manage this rather com-
plicated chemistry.

The era of modern biochemistry

-started with this discovery.

" In the period from 1900 to 1940,

. alcohol production from sugar in yeast

juice and lactic acid production in
muscle juices each were thoroughly
described by a sequence of 10 well-
defined chemical steps, each step cata-
lyzed and controlled by a specific en-
zyme catalyst.

Since 1940 far more complicated
cellular processes, such as the syn-
thesis of hormones, have been ex-
plained in. minute chemical detail—
each step in the process carried out
by an enzyme specially designed for
the job. _

Today, a high school student in
biology is convinced quickly of these
basic facts:

m The cell, whether one of the sev-
eral trillion that comprise a man, or
the single bacterium, has a machin-
ery made up of enzymes and a pat-
tern of operating them that are essen-
tially the same throughout nature.

m The cell burns a fuel, such as
sugar. But instead of producing only
heat, it captures a major part of the
energy and stores it in a chemical
form, known as adenosine triphosphate
or ATP. ATP is a chemical currency
that can be used for the cell’s work,
such as building a complicated mole-
cule, flexing a muscle, lighting the
lantern of a firefly, or charging the
battery of an electric eel. In plants,
which capture the sun’s energy to

MODEL of a ribonuclease molecule
based on z-ray diffraction data
from Yale. Scale: 200-million:1.

‘produce the chemical fuels which we

animals consume, it is again ATP that
appears as the first chemical product
in the photosynthetic process.

m The instructions on how to make
each enzyme are spelled in complete
encyclopedic detail in the genes. This
atomic language of genes is in the
form of a giant molecule called de-
oxyribonucleic acid or DNA.

The master code

A major component of the recent
revolution in biology is that we know
in chemical terms how heredity works
and, therefore, can manipulate it. This
revolution was achieved by a fusion
of the disciplines of biology, chem-
istry, and physics into a science now
called molecular biology.

A gene is a stretch of DNA spelled
in four letters (nucleotides) called A,
T, G, and C. The gene is on the
average 1,000 letters long. The in-
formation it contains for making a
particular protein (enzyme) is en-
coded in a unique linear sequence of
these letters.

For a gene to make protein, two
things must happen: the DNA must
first be transcribed into a messenger
form called ribonucleic acid (RNA);
the latter then is translated into a pro-
tein. In the translation process, the
four-letter language of DNA is con-
verted into the 20-letter (amino acid)
language of proteins.

In the master code, deciphered only
very recently, a particular sequence
of three nucleotides specifies a par-
ticular amino acid. The “dictionary” -
translating each of the nucleotide
words into a certain amino acid is the
same in every cell in nature. Unravel-
ing this “language” and discovering
the “dictionary” are achievements that
certainly must be numbered among
the most remarkable revelations in the
history of science.

DNA has two major functions. One
has just been described: to specify in
the many thousands of genes that
make up a chromosome the complete
chemical detail of the many thousands
of enzymes required for the machin-
ery and fabric of a cell. The second
function is to serve as a template for
the production of an exact copy of
itself in order that the cell may en-
dow an offspring with the identical
information that it itself contains.

Hemoglobin is the protein in blood
which transports oxygen. It contains
514 amino acids. At some point in
human history, Individual X had a
single letter in his gene for hemoglobin
replaced by another. As. a conse-
quence, the hemoglobin translation of
this gene differed by a single amino
acid. This hemoglobin proved defec-
tive in carrying oxygen. Mutant X



and all his offspring who inherited
this altered gene suffered from a hemo-
globin defect called sickle cell anemia,
a disease which is disabling and some-
times fatal.

Medical researchers have identified
many hundreds of human genes, each
recognized as the basis of a well-de-
fined trait or a disease resulting from
a mutation affecting a trait. How does
a mutation occur? We know that ra-
diations such as x-rays, ultraviolet
. light, and radioactive fallout produce
mutational changes in the DNA as do
certain chemicals that enter our cells
from the food, air, or medicinals.

The molecular biologist believes that
every reaction which occurs within a
living cell happens because a specific
enzyme is there; and every enzyme in
a cell is there because the information
for its production is encoded in the
cell’s DNA. He thinks he will be able
to write a total equation for the pro-
gram of a cell and that he will under-
stand a. cell well enough to separate
it into its molecular components and
reconstitute them into a cell again.

Total gene synthesis

Knowledge of the composition of
insulin, a protein hormone with 51
amino acids, has led to its recent suc-
cessful laboratory synthesis. In the
next few years, larger proteins, includ-
ing active enzymes, will be synthesized.

Along with each synthesis goes the
capacity to make specific alterations
and substitutions, each of which will
produce enzymes with altered capaci-
ties. In some instances, the laboratory
product may turn out to have useful
properties lacking in nature’s handi-
work.

Our knowledge of the chemistry of
the nucleic acids—DNA and RNA—is
far less advanced than that of pro-
teins. In fact, scandalously little at-
tention has been given by organic
chemists to nucleic acids as compared
to other natural products.

The total synthesis of a gene is at
least 10 years away. However, by
using purified enzymes in his synthe-
ses, the biochemist has succeeded in
replicating lengths of DNA compris-
ing several genes. The test-tube syn-
thesis of a fully infectious DNA virus
was announced only two months ago.

With our developing capacity to
identify, isolate, and eventually syn-
thesize genes will come the oppor-
tunity to alter the heredity of cells. In
bacteria, the removal and insertion of
genes, thus creating new species at
will, has been a student laboratory
exercise for years. The extension of
these and related techmiques to alter
the heredity of animal cells is likely
to advance rapidly in the next few
years.

Many forms of cancer, in animals
at least, are caused by viruses. It seems

_entirely reasonable that by altering the

DNA of the viruses we may destroy
their capacity to induce cancer. When
attempts to change the genetic makeup
of a cell prove difficult or dangerous,
then the administration of gene prod-
ucts, such as enzymes and ATP, may
correct a disease.

When we know all about enzymes
and what they do, we then may be
able to administer compounds which
will circumvent the results of aging
and keep us cheerful more of the
time. The timetable for maturation of
these prospects will depend on greatly

increased efforts by chemists to manip-
ulate macromolecules. '

We know little about the complex
chromosomes of animal cells. We
know even less about the composition,
architecture, and properties of mem-
branes around nuclei of cells and the
membrane surfaces that define the so-
cietal arrangement of cells in tissues
and organs. Rapid progress will re-
quire more biologists and medical re-
searchers with better training.

Most important of all, the future
of research in this field will require
political and ethical commitments from
our society to assure wise use of these
efforts. m
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The study of
naturally occurring

POLYMERS
has led

to the synthesis
of many products.

by Dr. Julio Natta,

professor and director,
Industrial Chemistry Dept.,
Institute of Milan, and

1963 Nobel laureate in chemistry

ALTHOUGH macromolecular com-

pounds have been used widely
in the course of the ages as building
materials (for example, cellulose, nat-
ural rubber, etc.), and they constitute
the basis of all living organisms, both
animal and vegetable (starch, pro-
teins, etc.), macromolecular chemis-
try rose to the dignity of science only
about 30 years ago.

At that time, Herman Staudinger,
1953 Nobel laureate in chemistry, in
his fundamental research, laid the
foundations of the study and knowl-
edge of that science.

Since then, macromolecular science
has developed not only due to the bet-
ter knowledge of macromolecular nat-
ural products, but because several new
products have been synthesized that
exhibit different properties based on
the specific conformation of their
molecules.

The new methods of stereospecific
polymerization recently have acquired
great importance. They allow the syn-
thetic production of macromolecular
substances identical with the natural
ones, such as cis-1,4 polyisoprene
(identical with naturral rubber), and
of new types of stereoregular macro-
molecules.

New methods of polymerization also
allow us to obtain a trans-1,4 polymer
of isoprene, which exhibits an identi-
cal structure with that of gutta-percha
rubber.

" Amorphous polymers, and, in par-
ticular, the copolymers with ethylene,

. exhibit properties of elastic rubbers
and are used largely as synthetic rub-
bers.
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THERMOGRAVIMETRIC analysis measures and records changes in weight
as a funection of temperature of polymers at Martin Marietia Corp.

Stereospecific polymerization has
considerably increased the spectrum
of synthetic macromolecular chemis-
try, especially because new, as well as
previously known, monomers may be
used for the production of new poly-
mers having particular physical prop-
erties.

Some polymers of alpha-olefins and

butadiene, copolymers of ethylene and
propylene, polyesters, and polyamides
have spawned new applications in the
fields of plastics, textiles, and syn-
thetic rubbers.

The stereospecific polymerization of
diolefins also is of great interest. It
yields products that present different
properties, depending on the struc-
ture and configuration of the monomer
units.

Crystalline polymers

It is possible to obtain polymeriza-
tion products from the same starting
material that have different physical
properties. This, of course, depends on
their molecular weight and especially
on the structure of the macromolecules
constituting them.

A regular succession of single mon-
omer units generally is accompanied
by a crystallinity that produces poly-
mers with high melting temperatures,
good mechanical properties, and an
orientability of the molecules of the
stretched products, which generally
allows the production of valuable crys-
talline textiles.

The isotactic polymer of propylene,
with macromolecules characterized by
the presence of monomer units with
the same configuration, actually ex-

hibits a high crystallinity below melt-
ing temperature (about 170 to 180 C).
Valuable plastics, textiles, and films
obtained from polypropylene are pro-
duced commercially all over the world.

The isotactic polymers of a-olefins
can crystallize. The stereoregularity of
isotactic poly-a-olefins often is high.
Crystallinity decreases with increasing
steric irregularities. Generally 30%
of randomly distributed non-isomor-
phous monomer units is enough to
obtain a completely amorphous poly-
mer.

If monomer units with the same con-
figuration are combined in chain seg-
ments, block polymers form; they still
exhibit some crystailinity, but their
x-ray diffraction spectra reveal the
presence of bands that are broader and
less intense than those characteristic
of highly isotactic and well-crystal-
lized polymers.

Also, syndiotactic polypropylene,
which was prepared in our institute, is
crystalline. However, having a lower
melting temperature than the isotactic
polymer, it is of less practical interest
than the latter.

Isotactic polymers may be obtained
only in the presence of heterogeneous
catalysts generally consisting of a tran-
sition metal halide (with a valence
lower than the maximum), insoluble
in the reaction medium, and of an
alkyl organometallic. compound.

Both steric purity and hoemogeneity
of the polymers depend on the catalyst
constitution. Actually, a catalyst pre-
pared from pure and microcrystalline
violet TiCl; yields a polymer predom-
inantly consisting of isotactic mole-




cules. However, a catalyst also con-
taining TiCl; — but obtained by cold
reduction of TiCly with organometallic
compounds—consists of a heterogene-
ous mixture of titanium chlorides with
a different degree of oxidation and of
crystallinity. The resulting compound
is less stereospecific from a catalytic
point of view.

On the other hand, high yields of
syndiotactic polymer are obtained in
the presence of some homogeneous
catalysts. For example, the catalysts
obtained by reaction of a solution of
vanadium tetrachloride with aluminum
diethyl monochlorine exhibit a high

stereospecificity for the low tempera-

ture production of syndiotactic poly-
mers.

Major butadienes

Among the synthetic products ob-
tained by the polymerization of diole-
fins, I mention the four fundamental
polymers of butadiene. Among them,
the cis-1,4 polybutadiene is of prac-
tical interest, as it is a synthetic rub-
ber that will crystallize spontaneously
only below 2 C. At higher tempera-
tures, it can crystallize under stretch-
- ing like natural rubber; it has an ex-
cellent tensile strength and elongation

at break. Trans-1,4 polybutadiene ex- -

hibits high crystallinity also in the un-
stretched state and a high melting
temperature (about 145 C).

Polybutadiene-1,2 was obtained in
two stereoisomeric forms — isotactic
and syndiotactic respectively. Both are
crystalline. However, these polymers
are of little practical interest, unlike
1,4 polymers, due to the relatively low
flexibility of the chain.

From a scientific point of view the
synthesis of steréoregular, optically ac-
tive alkyl polysorbates is of consid-
erable interest. Because they are ob-
tained from monomers having no op-
tical activity, the corresponding macro-
molecules consist of monomer units
with the same configuration.

The above reveals the importance of
both chemical and steric regularities
on the physical and technological
properties of linear high polymers..

My earlier remarks about the syn-
thesis and properties of polypropylenes
with different steric structures obvi-
ously may be extended to all poly-
mers (hydrocarbon or not) of asym-
metric vinyl monomers.

Therefore, stereospecific polymer-
ization allows one to obtain valuable
products from monomers that other-
wise would have no practical interest.

In fact, by the old processes of
polymerization, they mostly yielded
low-molecular-weight polymers with
an irregular structure due to the ir-
regularity in the succession of mono-
mer units of different configuration. =m

Asexual reproduction of humans
may be the next major advancement

in GENETIGCS. But controversies

could hamper progress in this area.

by Dr. Joshua Lederberg,

professor of genetics, School of Medicine,
Stanford University, and 1958 Nobel laureate

in physiology and medicine

ECENT DISCUsSIONS of controlled
human evolution focus on two
techniques — selective breeding (eu-
genics) and genetic alchemy (algeny).
Algeny presupposes a number of
scientific advances that have yet to
be perfected, and their immediate ap-
plication to human biology is, prob-
ably unrealistically, discounted as
purely speculative.

Paradoxically, the issue of ‘“‘subhu-
man” hybrids may arise first, just be-
cause of the touchiness of experimen-
tation on obviously human material.
Tissue and organ cultures and trans-
plants already are in wide experimen-
tal or therapeutic use, but there
would be widespread inhibitions about
risky experiments leading to an ob-

ject that could be labelled as a human

or parahuman infant.

There is enormous scientific inter-
est in organisms augmented by frag-
ments of the human chromosome set,
especially as we know so little of man’s
biological and genetic homology with
other primates. This is being and will
be pushed in steps as far as biology
will allow, to larger and larger pro-
portions of human genome in intact
animals, and to organ combinations
and chimeras with varying propor-
tions of human, subhuman, and hy-
brid tissue.

Note that there have been efforts
to transplant primate organs to man.

The hybridization is likely to be so-
matic, and the elaboration of these
steps will make full use of nuclear
transplantation to test how well and
to what extent these assorted geno-
types will support the full develop-
ment of a zygote.

The sharpest challenges to our pre-
tensions about human nature already
are in view, yet they may be over-
looked as a result of too farsighted
focusing on possibilities such as the
“chemical control of genotype.”

Man is, indeed, on the brink of a
major evolutionary perturbation—veg-
etative propagation.

Experimentally, we know of suc-
cessful nuclear transplantation from
various adult tissue cells into am-
phibian eggs whose own nuclei have
been removed. There is nothing to sug-
gest any particular difficulty about ac-
complishing this in mammals or man,
although it rightly will be admired as
a technical tour-de-force when it is
first implemented.

A biological accident?

I am more puzzled by the rigor with
which asexual reproduction has been
excluded from the vertebrate as com-
pared to the plant world, where its
advantages are widely exploited.
Many plants spread almost entirely by
asexual growth and reproduction.

A colony of organisms derived from

LASER beams are used by Perkin-Elmer scientists to find blood cells
in the process of dividing (mitosis). Cut 1 is a normal blood cell
image; cut 2 is a mitotic cell image showing the chromosomes.




a single ancestor — without a sexual
union o©r genic  recombination — is
called a “clone,” from a Greek root,
“cutting,” which is related to “colony.”
That clonal reproduction is confined
mainly to plants may be a mere acci-
dent of cell biology.

Vegetative — or clonal — reproduc-
tion outweighs other techniques of bio-
logical engineering, such as algeny, at
a much earlier stage of scientific so-
phistication. If a superior individual,
and presumably a genotype, is identi-
fied, why not copy it directly, rather
than suffer all the risks, including
those of sex determination, involved
in the disruptions of genetic recom-
bination?

Clonality as a way of life in the
plant world is well understood as an
evolutionary cul-de-sac, often associ-
ated with hybrid luxuriance. It can
be an unexcelled means of multiplying
a rigidly well-adapted genotype to fill
a stationary niche.

In the human context, it is at least
debatable whether sufficient latent var-
iability to allow for any future con-
tingency would be preserved if the
population were distributed among
some millions of clones. From a strictly
biological standpoint, tempered clon-
ality could allow the best of both
worlds: we would at least enjoy being
able to observe the experiment of dis-
covering whether 4 second Einstein
would outdo the first.

The duplicate man

The internal properties of the clone
open up new possibilities; for example,
the free éxchange of organ trans-
plants with no concern for graft re-
jection. However, even when nuclear
transplantation has succeeded in the
mouse, there would remain formidable
restraints on the way to human appli-
cation. One might even question the
further investment of experimental ef-
fort.

But several lines are likely to be-
come active. Animal husbandry, for
prize cattle and race horses, could not
ignore the opportunity, just as it bore
the brunt of the enterprises of artificial
insemination and oval transplantation.

My colleagues differ widely in their
reaction to the idea that anyone could
conscientiously risk the crucial ex-
periment, the first attempt to clone a
man. Perhaps this will not be at-
tempted until gestation can be moni-
tored closely to be sure the fetus meets
expectations.

The mingling of individual human
chromosomes with those of other mam-
mals assures a gradualistic enlargement
of the field and lowers the threshold
of optimism or arrogance, particularly
if cloning in other mammals gives in-
complétely predictable results. =
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A thard major
upheaval 1n

ORGANIC

CHEMISTRY
will be felt
AN ManyY areas.

by Lord Alexander Todd,
professor of organic chemistry,
Cambridge, England, and

1957 Nobel laureate in chemistry

HYDROGEN bubbles provide energy
for growing microorganisms

at Martin Marietta Corp.

Through complex chemical reactions,
nutrients and oxygen are produced
that may be used to sustain crews
on future space missions.

ROM TIME TO TIME all sciences
F pass through periods or phases
of reappraisal and reorientation dur-
ing which the overall pattern of prog-
ress may be in part obscured. Organic
chemistry is no exception to this rule.
It has experienced three such phases
in the past century and a half, each
spaced about 50 years apart.

The basic reasons for these disturb-
ances have differed in each case. The
first, which I would place roughly be-
tween 1855 and 1875, undoubtedly
was due to the appearance of an ade-
quate, if empirically derived, theoret-
ical basis on which a real chemistry
of the element carbon and its com-
pounds could be developed.

The second, which occurred within
the period between the turn of the
century and World War I, was of a
rather different nature. It created per-
haps less visible disturbance in organic
chemistry at the time. But its effects
were far reaching nevertheless.

This second reorientation was due
to the fact that a sufficiently wide
basis of carbon chemistry had been
laid and experimental methods devel-
oped so that a return could be made
to the study of complex substances
found naturally in the biosphere.

Before discussing the current up-
heaval, I should make it clear that in
giving approximate dates to the three
phases of change I make no claim to
accuracy. Contemporary events are
difficult to see in true perspective.
Moreover, progress in science is con-
tinuous and it is impossible to put'a
precise date on turning points. There
always are shadows cast in advance,
just as there are isolated investigators
dhead of their time whose work, fre-
quently little noticed, heralds changes
ahead. Subject to these qualifications,
however, I believe that the dating of
major changes which I have given is
at least reasonable.

The present reappraisal — and for
many organic chemists it is a difficult
one—is due essentially to advances in
experimental technique mainly through
the introduction of refined physical
methods themselves stemming from
progress in physics.

The organic chemist has been con-
cerned basically with two things —
molecular structure and synthesis. This
is not to decry work on such subjects
as reaction mechanism, but this and
other sub-specialties derive from and
are facets of these two main divisions
or organic chemistry.




Over the past century, methods for

the determination of structure by
chemical degradation, usually a lengthy
process occupying a period of years
with complex molecules, have been
-brought to a high degree of perfec-
tion. The application of methods of
structure determination, together with
that of the equally highly developed
methods of synthesis, has been the
chief occupation of the organic chem-
ist and the source of much of the at-
traction of the science to him. It is
in the matter of structural elucidation,
however, that a veritable revolution
has occurred during the period of the
past 20 years.

I well recall on one occasion -dis-
cussing with Dr. Leopold Ruzicka of
Zurich (1939 Nobel laureate in chem-
istry for his terpene work) the differ-
ence between the facilities and meth-
ods available to him as a young re-
search worker early this century and
those used by me at the same stage in
my career a generation later.

The research “tools” were few in
number. The Bunsen burner and an
assortment of glassware were .our
principal instruments, although I had
the advantage in that microanalysis,
catalytic hydrogenation, and column

chromatography were just beginning to
appear in academic laboratories when
I commenced research. What a con-
trast between what Dr. Ruzicka had,
what was available to me, and what
the young researcher today has at his
disposal!

We have seen tremendous develop-
ments in methods of separating com-
plex mixtures by chromatography in
its multitudinous forms, by counter-
current distribution, and electrophore-
sis. Moreover, the -application of spec-
troscopic methods—ultraviolet, infra-
red, Raman, nuclear magnetic reso-
nance, electron spin resonance, and
mass spectrometry has made much of
the detailed work of degradative stud-
ies unnecessary.

These instruments also have per-
mitted a much more precise under-
standing of reaction mechanisms and
of a variety of factors influencing
structure and stability of organic com-
pounds than was dreamt of even 20
years ago.

The refinement of x-ray crystallo-
graphic techniques and the use of com-
puters in interpreting the data ob-
tained by them have reached a point
at which it is possible in many cases

~to determine a complete structure

without carrying out degradative ex-
periments.

Synthesis has been less affected, al-
though it has grown in strength and
power with the introduction of new
methods and reagents and with the
increased ease of product identifica-
tion by means of the new physical
tools.

There is no doubt that the substan-
tial replacerment of the chemical degra-
dation procedures by physical meth-
ods in structure determination has
caused considerable bewilderment
among some chemists. At times, one
even hears the question put whether
the great days of organic chemistry
are past. Those who pose this ques-
tion, however, completely misunder-
stand the situation.

From the very beginning of their
science, organic chemists continually
have sought and avidly accepted any
tools, diagnostic or otherwise, which
would ease the problem of structure
elucidation.

In the chemistry of living matter,
structure is not an end in itself. Struc-
ture must be considered in relation
to function. Indeed, the problem of
structure and function extends beyond
this area into the field of industrially
produced chemicals, whose function
is not always concerned with living
matter.

New physical instruments will be
accepted by the organic chemist as he
has accepted all their predecessors,
and they will help him’ drive ever

deeper into the problem of structure
and function, hand in hand with the
development of synthesis which is a
necessary complement.

The process of reorientation in the
science already is well advanced. The
more baroque manifestations of the re-
appraisal period are diminishing, and
I expect that within the next two or
three years the pattern of the new
period of advance—already emerging
—will become clear.

The third epoch

In the new period, the scope will
be enormous. As in the past, its main-
spring will lie in the fascinating com-
plexity of living matter, in the under-
standing of its detailed composition,
its methods of synthesis, its means of
adaptation, and in the essential basis
of specificity. »

It might be said that these are mat-
ters embraced in the popular expres-
sion “molecular biology.” They are,
but molecular biology is only an omni-
bus term for an interdisciplinary ap-
proach to the study of biological proc-
esses that embraces a number of sci-
ences. Among them, organic chemis-
try must play a major role if any real
progress is to be made.

With organic chemistry, I foresee
not only major advances in therapy,
but even planned genetic modification.
becoming a practical possibility with
all that this would entail in man’'s con-
trol—not only of other forms of life,
but of himself. .

Stemming from work in such fields,
and partly from new advances in the
technique of synthesis, especially in
the macromolecular field, it is certain
that we will see a continuous flow of
new products from the organic chem-
ical industry. Each product will be
tailored to meet a specific requirement
and each will further promote man’s
comfort and welfare.

It is even possible to envisage or-
ganic chemistry bringing about a major
change in the field of computers if a
method can be found to apply the im-
mense capacity for information stor-
age inherent in suck organic molecules
as, for example, the nucleic acids.

Thanks to the sustained efforts of
his predecessors, the modern organic
chemist now knows enough of the na-
ture and reactions of carbon com-
pounds to venture into these complex
fields. And the wealth of new physical
tools and experimental techniques
available permit him to do so with
real hope of success.

Organic chemistry is just ending its
third major phase of reappraisal and
reorientation and is poised for a new
surge forward. The outlook is bright
in this, to me at least, the most fas-
cinating of all the sciences. m
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| | New
ANTIBIOTICS

are being described
at the rate of 50
per year.

Are they really
needed ?

by Dr. Selman A. Waksman,
: professor emeritus,
Institute of Microbiology,
Rutgers, The State University,
and 1952 Nobel laureate in
vhysiology and medicine*

ODERN DEVELOPMENTS in the
M science and application of
-antibiotics date from little more than
a quarter of a century ago. In 1939
and 1940, -three important chemical
substances, produced by different
groups of microbes and possessing
highly potent antibacterial properties,
were discovered.

These were products of bacteria
(gramicidin), of fungi (the reisola-
tion of penicillin), and of actinomy-
cetes (actinomycin). The introduction
of shaken cultures for ‘their growth
and of deep-tank fermentation plants
for the commercial production of these
products greatly advanced progress in
this field.

At first, only a few grams were pro-
duced; production now is measured
in millions of pounds per year. The
commercial production of penicillin
(begun in 1942) and streptomycin
(1944) served as a marked stimulus
for this fantastic development. Facili-
ties for the manufacture of antibiotics
now are available in 29 countries,

Are new antibiotics needed?

Intensive screening of a wide va-
riety of microorganisms is being car-
ried out in many laboratories. A re-
cent survey of antibiotics literature
shows that more than 1,100 antibi-
otics have been reported in the past
25 years, and new antibiotics still are

*Dr. Waksman was assisted with, the
article by Dr. David Perlman, pro-
fessor of pharmaceutical chemistry,
University of Wisconsin.
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being described at the rate of about
50 per year. )

Most of the “new” antibiotics re-
ported from 1947 to 1960 came from
laboratories in the United States. More
recently, the majority of reports has
been from Japan.

Any forecast of antibiotics research
must address itself to two questions:
Are new antibiotics needed? With 60
antibiotics now in clinical use, does
the physician still need new com-
pounds? If so, where will they come
from? '

Only against infections caused by
gram-positive bacteria, notably staph-
ylococci, streptococei, or pnreumococci,
can the physician, with any degree of
confidence, use a drug that is likely
to work. There always is the problem
of suprainfections, especially by gram-
negative bacteria. There are no sure,
effective agents for many strains of
such groups as Pseudomonas and
Proteus. .Aerobacter and Salmonella
infections are imperfectly controlled.

There ‘is great need for an antibi-
otic that would be definitely effective
against gram-negative infections, Anti-
fungal agents that can be used sys-
tematically and anti-protozoal agents
still are insufficiently effective. There
is no useful antibiotic that possesses
antiviral properties.

- Nevertheless, mortality rates from
such infectious diseases as dysentery,
scarlet fever, whooping cough, and
syphilis have undergone a 95% de.-
crease. A 50% to 80% drop in deaths
from pneumonia, tuberculosis, and
meningococcal infections has been ef-
fected since the introduction of anti-
biotic therapy.

Fewer new antibiotics

‘Can new antibiotics be expected to
take up where the others have left
off? Unfortunately, the introduction
of new desirable chemical entities into
clinical medicine has lagged somewhat
in recent years, even though an in-
creasing number of new antibiotics has
been introduced every year.

This apparent inconsistency is due
to the efforts of the pharmaceutical
companies to continue to introduce
new products, even though at the same
time they are having difficulty in find-
ing really “new” and useful entities,

In view of the tremendous testing
program now required by government
agencies to prove both the efficacy
and safety of a new drug, it seems
likely that the number of “new”
compound types introduced into clin-
ical medicine will continue to drop,
though the number of new analogs of
existing drugs will increase, .

It is fairly easy to list the proper-
ties wanted in new antibiotics, Some
of these goals include new attributes

for old antibiotics, and for others—
those compounds of established worth
—the removal of undesired side ef-
fects inherent in their use. A great step
forward would be an effective non-
sensitizing penicillin, a deoxystrepta-
mine that has no ototoxicity, and an
antifungal agent much less toxic than
amphotericin B. These new attributes
might be found in new antibiotics, or
in improvement of the old antibiotics.

‘Era of the chemist’

In a sense, the period from 1940
to 1960 was the era of the microbiolo-
gist in the discovery of antibiotics.
Now, with the semisynthetic penicil-
lins, cephalosporins, modified tetra-
cyclines and rifomycins, we are in
the era of the chemist.

Chemists, working with microbiolo-
gists, have been able to change the
antibiotic molecule to give broader
antibiotic spectra, better absorption
properties, higher blood levels, and
changed excretion patterns. This chem-
ist-microbiologist collaboration should
in time result in improved, less lim-
ited antibiotics.

Although the importance of new
antibiotics for use in clinical medicine
is stressed in most discussions, their
value in other areas should not be
ignored. If we are to feed the world’s
increasing population, there will be a
need to reduce microbial destruction
leading to crop loss. Antibiotics cur-
rently used in agriculture against plant
pathogens are streptomycin and tetra-
cycline for bacteria and cycloheximide
and blasticidin S for fungi. For ex-
ample, the Japanese used over 12,000
tons of blasticidin S last year to com-
bat the rice blast disease.

Current research in the field of anti-
biotics comprises the chemical and
biological modifications of known an-
tibiotics, their chemical synthesis, the
mechanisms of their formation by the
microbial cell. and the mode of their -
selective antimicrobial action. In ad-
dition, the broad screening programs
in which bacteria, fungi, tissue cul-
tures, and viruses are used largely as
test' organisms are included.

One also must mention the exten-
sive programs carried out in labo-
ratories throughout the world. In-
vestigators are seeking antibiotics ac-
tive against viruses and neoplasms.
Although promising results are lim-
ited as yet, new approaches always
suggest that some useful leads may be
discovered in time.

Thus, we have many problems that
can be solved with new antibiotics,
and the continued search for useful
compounds will give us new valuable
drugs. As the antibiotic era enters its
second quarter century, there is prom-
ise that the best is yet to come. m




“Because of the interest in nuclear-powered vehicles,
further development of materials capable of withstanding
intense nuclear environments will receive

increased attention during the coming year.”

—Elmer P. Wheaton, vice president, research & development,
Lockheed Missiles & Space Co., page 72.

“The modern sprit of research in the (chemicals) industry
is becoming that of a broadly interpreted ‘materials
science,’ ranging from the biology of pharmaceutical
materials to the physics of inorganic solids.”

—Dr. David M. McQueen, director, Central Research Dept.,
E. I. du Pont de Nemours & Co., page 73.

“As we review future trends in electronics, it becomes
apparent that integrated circuits will be the largest
single source of improvement and change.” )

—Dr. Arthur M. Bueche, vice president, Research
& Development Center, General Electric Co., page 74.

EAD IN INDUSTRY

“During the coming year, studies will range from new
ways to use superplasticity in difficult-to-fabricate metals,
computerized welding, and new composites, to
‘prescription steels’ and high-purity, high-strength

" whiskers.” )

—Max W. Lightner, vice president of applied research,
United States Steel Corp., page 76.

“Simply stated, the emerging trend (in scientific
instrumentation) toward data enhancement will permit
analytical chemists to arrive at answers

to their problems directly.”

—Dr. William F. Ballhaus, president,
Beckman Instruments Inc., page 77.

“Electric vehicles and hybrid vehicles, systems combining
electric with other propulsion modes, are the natural
precursors of automated travel ... the electric system
readily lends itself to ‘no hands’ travel...”

—Dr. Michael Ference Jr., vice president,
scientifi_c research staff, Ford Motor Co., page 78.



New materials
are contributing

to AEROSPACE

advances as
are maintaturized
electronics.

by Elmer P. Wheaton,

vice president,

research & development,
Lockheed Missiles & Space Co.

HE FUTURE COURSE of aerospace

research and development will be
influenced significantly by political,
social, and military situations con-
fronting the United States.

Militarily, near-term emphasis will
be upon tactical weapon systems in
support of Vietnam-type conflicts.
And, to an increasing extent, aero-
space-based technologies will be ap-
plied to such diverse areas as ocean-
ography, riot control, and civil govern-
ment data handling systems.

While many factors will influence
the future course of the aerospace in-
dustry, the significant achievements in
1968 will be the culmination of many
endeavors initiated and pursued dur-
ing the past several years. The broad
scope of aerospacé development pro-
grams in recent years permits dis-
cussing only the most significant sub-
jects in this 1968 overview.

Research and development under-
taken to meet the need for advanced
structural materials has made marked
progress. Metal matrix composites
provide many properties not available
in single metals or in alloys—high
strength and modulus-to-density ratios

and superior creep behavior at high

temperatures. Among these materials,
boron filaments, coated to prevent in-
teraction with matrix metal at elevated
temperatures, should undergo engi-
neering evaluation of structural appli-
cation this year.

Another unusual material under de-
velopment for aerospace vehicles is
glassy carbon. Possessing high-temper-
ature strength, a high strength-to-den-
sity ratio, resistance to mechanical and
chemical erosion, and high heat of
vaporization, glassy carbon materials
have numerous applications. During
1968, production of the material in
thicknesses up to 1.3 cm will be
achieved. In addition to applications
in space vehicles, it will find use in
lift-glide reentry vehicles and leading
edges of aircraft. ]

Because of the interest in nuclear-
powered vehicles, further development
of materials capable of withstanding in-
tense nuclear environments will receive
increased attention during the coming
year. Composites bonded by high-tem-
perature, radiation-resistant adhesives
will yield materials with a variety of
properties unattainable in monolithic
metals.

Improved manufacturing techniques
will permit the use of several materials
in large aircraft structures in a most
effective manner. Significant increases
in the design stress of aluminum alloys
will be achieved through the use of

SHADOWGRAPH shows both flow and
sound field characteristics of a Mach
2.5 supersonic jet at Wyle Labs.

special aging cycles. Further improve-
ments in forming processes, especially
forging, will contribute to the wider
use of titanium in large structures.

Another materials-related develop-
ment that should achieve notable prog-
ress in 1968 is long-term storage of
cryogenic fluids in space. Greatly im-
proved insulation materials, improved
cryogenic “hardware,” in conjunction
with .advances in the supercooling or
slushing of cryogenic fluids, will pro-
vide the nation the capability to store
cryogens for hundreds of days in orbit.

Two space system propulsion de-
velopments should be watched closely
this year. The “Aerospike” engine
gives strong promise of a major im-
provement in the mass ratio while high
chamber pressures (3,000 to 5,000
psi) give equal promise of major im-
provement in specific impulse. Both of
these significant development projects
will be evaluated further during the
coming year.

Miniaturization trend

Electronic sciences will continue to
influence significantly progress of
aerospace technology. Microminiaturi-
zation of electronic systems already
has had a major impact on size.
weight, and reliability of guidance,
propulsion, navigation, and instrumen-
tation systems. Miniaturization based
on solid-state components will be rap-
idly extended to microwave circuits,
data storage equipment, and analog
signal processing systems.

The unending quest for both reli-
ability and miniaturization. will bring
single-crystal techniques to electronic
manufacturing. The most likely appli-
cations in the near-term future will be
components made from rare earth
transition metal compounds and in
high quality magnets.

Another electronic development apt
to achieve major importance this year
will be Gunn-effect microwave signal
sources. Possessing high (20% ) effi-
ciency and the ability to be integrated
into complex antenna arrays, these 0s-
cillators may replace many klystrons,
traveling wave tubes, and magnetrons
in communication and radar equip-
ment.

Simple to fabricate, compact (less
than 1.6 x 10" m?), possessing wide-
band tuning capability, and needing no
external resonant circuits in many ap-
plications, these devices offer sub-
stantial cost reductions for high fre-
quency systems over a wide frequency
range.

Lasers will find widening applica-
tions—not only in space programs but
also in scientific, medical and indus-
trial use. Steady progress will be
achieved in development of the laser
as an accurate, relatively inexpensive




gyro for attitude-sensing systems in
aircraft and space vehicles.

Thin-film bismuth and bismuth-an-
timony infrared detectors may provide
the possibility of real time infrared
horizon sensors for incorporation in
attitude control systems. These same
detectors also will find initial applica-
tion in laser communications in the
8- to 14-micron atmospheric “win-
dow.” Another application in which
the bismuth or bismuth-antimony de-
tectors will be applied is in photo-
mixing systems.

Aerospace ‘spinoffs’

Of necessity, the anticipated devel-
opments touched upon here are but a
small component of the overall pro-
gram of aerospace technology. Most
developments have been initiated to
help extend man’s knowledge of his
environment and his universe.

But the usefulness of these develop-
ments will not be restricted to aero-
space systems. They are transferable
to a broad spectrum of undertakings
leading to a better understanding of
our terrestrial environment and to the
solution of our numerous and ex-
tremely urgent social problems.

The oceans, for instance, hold tre-
mendous food and mineral resources
to replenish man’s diminishing land
reserves. Aerospace technology now is
finding, and will continue to find,
direct applications to the expanding
field of oceanography.

In 1968, for example, the life sup-
port system technology used for space
capsules will be applied increasingly
to man's efforts to live and work in
the ocean’s depths. Men soon should
be able to work at the 300 m level
for four or five days with little more
than portable breathing apparatus.
Deep diving submersibles will be avail-
able to support such divers, or at much
greater depths, carry out inspection or
repair tasks on undersea petroleum
systems. -

To provide vision at great depths
aerospace technology is creating ad-
vanced optical and electronic imaging
systems.

To handle and streamline the bur-
geoning mass of data at all levels of
government, the data processing sys-
tems developed for missile and space
test programs rapidly are being intro-
duced in government agencies dealing
with crime, welfare, and disaster plan-
ning systems.

Aerospace technology will continue
to advance rapidly and will be applied
expeditiously to the solution of those
programs deemed of greatest benefit
to the nation as a whole, whether those
programs involve space exploration,
defense, oceanography, or deriving
answers to social problems. m

Truly interdisciplinary in nature,

the CHEMICAL mdustry |

will advance most rapidly 1n polymers,
catalysts, and molecular biology.

by Dr. David M. McQueen, director,
Central Research Dept., E. I. du Pont de Nemours & Co.

HE CONCEPT that the chemical in-

dustry is based strictly on chem-
istry and chemical processes is long
outdated. Today, the industry overlaps
numerous other industries in a com-
plicated pattern of sophisticated cus-
tomer-supplier relationships. The net
result is a strong trend toward highly
diversified companies.

Truly interdisciplinary industrial
laboratories have emerged as the result
of this expanding scope of interests.
The modern spirit of research in the
industry is becoming that of a broadly

Jinterpreted “materials science,” rang-

ing from the biology of pharmaceu-
tical “materials” to the physics of inor-
ganic solids.

The wellspring of research, how-
ever, continues to be the new chem-
istry of basic organic and inorganic
chemicals, which is yielding continual
transformation and upgrading to more
complex materials,

Synthetic organic polymers, major
creative achievements of the chemical
industry, continue to be the subject of
intensive’ research. Far from settling
down to a few commodities. new prod-
ucts are being introduced at a phenom-
enal rate, a condition which should
continue for many years.

Polymers set pace

Physical and chemical modifications
to achieve specific properties in stand-
ard large-volume polymers have be-
come possible through advances in
polymer science and engineering. For
example, copolymers of ethylene bring
new properties to the polyolefin plas-
tics; in the elastomers field, ethylene/
propylene terpolymers provide a new
order of environmental stability. Poly-
sulfones and polyphenyleneoxides are
aiming at the high-performance plas-
tics markets. Mixtures of polymers
and grafted compositions, such as the

S 2

ELECTROPHORESIS, the movement of particles in solution by means
of an ¢lectric current, is used by molecular biologists at Du Pont
to purify proteins in a fundamental research project.

INDUSTRIAL RESEARCH—JAN 1968 73




74

acrylonitrile-butadiene-styrene (ABS)
polymers, have been developed with
excellent property/cost relationships.

These property-tailored polymers
are appearing in increasing numbers.
Resistance to high temperatures is be-
coming an important goal, and several
candidates—primarily the polyimides
and perfluorinated polymers — are
making headway in various segments
of this field. For the highest tempera-
tures, it is probable that composite
structures will be required; we can
expect significant developments here.

Polymer science is one of the most
vital fields of industrial research, and
there seems to be no end to the new
knowledge and structures coming from
the laboratory. Although today there
still are few academic centers for poly-
mer study, it is expected that these
will increase in number to keep pace
with industry’s demand for well-train-
ed scientists and engineers.

New catalysts to come

Increased academic emphasis on the
oldest branch of chemical science-—
inorganic chemistry—recently has
brought a remarkable change to indus-
trial research in this area. Chemistry
of the transition elements has been
especially productive in contributing
selective catalysts for a variety of
processes, and more intensive explora-
tion is forthcoming.

The development of solid-state phys-
ics as a full-fledged science has called
the chemical industry’s attention to
sophisticated specialty uses for inor-
ganic solids. New compositions and
structures with specifically designed
properties are being synthesized for
such uses as luminophors and laser
crystals.

Development of ultrafine refractory
oxide fibers for insulation and rein-
forcement uses is among the most ac-
tive research areas. In magnetics, dis-
coveries of new materials such as
chromium dioxide and single-domain

iron particles are expected to provide |

advances in information recording and
magnet fabrication.

Research on new and improved
processes for the large-volume chem-
icals serving as basic intermediates will
continue to engage industry’s attention
as a means of increasing earnings and
minimizing industrial interference with
man'’s environment.

Engineering research and catalyst
studies rapidly are changing traditional
relationships. For instance, acryloni-
trile has become a low-cost, large-
volume chemical, in dramatic contrast
to its earlier specialty position. Pack-
aged plants and superscale single-
stream installations have become the
order of the day for many chemical
staples, including such items as am-
monia and methanol.
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Advanced technology is creating
many new demands for both organic
and inorganic intermediates by devel-
oping complex materials of higher
value for application as surfactants,
stabilizers, petroleum additives, and
refrigerants.

Influence of bioscience

Nowhere is the interdisciplinary ap—l

proach so promising as in biology.
Molecular biology, brilliantly devel-
oped in university and government
laboratories, is beginning to make its
mark on industry. It seems sure to
lead the way to methods for selective
control of specific functions of living
cells. The direction of this work is
toward molecules designed to modify
cellular processes in subtle ways, per-
haps by stimulating natural defense
mechanisms.

Already there are indications of the
possibility of interfering with the

course of specific virus diseases by at

least two synthetic chemicals—herpes
simplex of the eye, by localized appli-
cation of iododeoxyuridine; and in-
fluenza A2, by preventive dosage with
amantadine hydrochloride. Along with
the ability to design specific molecular
controls, more sophisticated testing
methods will be derived to insure the
absence of injurious side effects to
patients.

The molecular biology and biochem-
istry of plants and insects, often for-
gotten because of preoccupation with
needs in human medicine, are receiv-
ing an increasing share of industry at-
tention. The already dramatic growth
of the agrichemicals market will ac-
celerate and continue, spurred by high
labor costs and the threat of world-
wide food shortages. Herbicides, fungi-
cides, and insect control agents are as
necessary to modern agriculture as fer-
tilizers. Soon to be added to this list
are chemicals exerting selective growth
regulation in several types of crops.

Looking further ahead, the chemical
industry has many strengths that speak
for an exciting and highly productive
future. The industry is intimately tied
to the betterment of man’s lot through
provision of materials for clothing,
shelter, food, and improved health;
we are a “basic need” industry.

The industry depends on original
research for achieving man’s aims. It
has a straightforward ability to bring
together engineers and scientists of
different backgrounds in an interdis-
ciplinary approach to problems of mu-
tual interest.

Most important of all, the chemical
industry has a group of creative and
knowledgeable scientists and engineers
whose acts in laboratories and plants
will help determine the shape of the
future in a way now impossible to
forecast. ®

Waider application
of existing
ELECTRONICS

technology

will spur major
advances n

the nation’s
growth wmdustry.

by Dr. Arthur M. Bueche,
vice president, Research &

" Development Center,
General Electric Co.

WHEN ASKED to predict the fu-
ture, it always is tempting to
give special attention to conspicuously
novel devices, gadgets that never have
been seen on land, sea, or in the air.
This makes for good science fiction,
or nonfiction, as the case may be. But
many of the most profound techno-
logical changes are those that im-
pinge on economics, sociology, and,
of course, politics.

Thus, predicting the short-term fu-
ture of any technology usually is not
a matter of explaining what is tech-
nically new or possible. What will
happen in electronics during this new
year—or the next two or three years
—already is happening. Major changes
will result from the focusing of a
variety of 'skills (not exclusively tech-
nical skills) on the engineering design,
manufacturability, and marketability of
existing ideas.

Let us, therefore, consider briefly
not new electronics per se. but rather
the continuing impact of electronics
on such major business areas as elec-
tric power, industrial processes, con-
sumer goods, transportation, and in-
formation handling.

The electric power business will
continue to adapt to the vastly im-
proved ability of solid-state switchgear
to handle larger currents and higher
voltages.

Within a year or so it should be
commonplace to talk about a-c—d-c
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THE TINY black ring in the center of the gold disk is a microminiature
varactor produced by Autonetics Div., North American Aviation Inc.
It was photographed on the head of an eagle on a U. S. 25¢ piece.

converters rated to 200 kilovolts and
thousands of amperes. Power services
will become more “customized” as in-
verter and cycle converters make it
easy for the customer to have every-
thing from d-c to 20 kilohertz (and
in a few more years up to 100 kHz)
available for special jobs. And, of
course, the application of electronic
data-handling and control systems will
improve the reliability of our nation’s
increasingly complex and interrelated
power networks.

Certainly, integrated circuits will
dominate the thinking of those who de-
sign virtually every type of future elec-
tronic gear. The area of industrial
process control is no exception. Inte-
grated circuits will be introduced into
industrial systems through new kinds
of a-c adjustable-speed electric motor
drives, for example. This step may not
sound particularly glamorous in our
space age, but it can have a far-reach-
ing impact on productivity in many
major industries.

The present proliferation of low-
cost consumer electronic products will
contiriue to be spurred by decreasing
cost to the consumer and by improve-
ments in batteries. We are .seeing only
the beginning of the individual con-
sumer’s fascination with and interest
in inexpensive ways to record his own
voice and actions.

In the home, it is becoming increas-
ingly possible to satisfy consumer de-

mands—at attractive prices—for new
switching and control systems for
lights, windows, doors, and appliances.
And community antenna television
(CATV) is on the verge of providing
such relatively primitive feedback sys-
tems as fire and police alarms and,
conceivably, “instant polling.”

In transportation, the electronic in-
dustry will be hard pressed to keep
abreast with the growing problems of
air traffic control, let alone to solve
them. Experimental system studies for
automated and semi-automated rapid-
transit programs will continue.

In the field of personal transporta-
tion, the potentially huge application
of electronic controls in electric ve-
hicles must await a significant im-
provement in either batteries or fuel-
cell systems. The latter possibility
seems very unlikely, at least for the
near term.

Computer growth continues

The unprecedented growth in re-
cent years of the computer and in-
formation-handling business is being
stimulated further by substantial re-
ductions in user costs, especially in
the area of time-sharing systems. Time-
sharing now is entering a new phase,
in which remote terminals will them-
selves become sophisticated small com-
puter-processors.

We can expect to see better dis-
play devices at these remote stations,

displays with memory, and more elab-
orate computational ability. A present
limitation on time-sharing systems is
the bandwidth of the communication
lines that are used.

Costs will be minimized and ser-
vice improved only when the user has
a more powerful terminal of his own.
Such a terminal would make it nec-
essary to go back to the large central -
computer only when the operator
couldn’t use his terminal economically.

All of this will hasten the need for
simpler computer languages that can
be translated on-site. We are going to
find that it costs too much to have
machines that talk only to highly
trained specialists. Languages more
closely matched to the users’ will be-
come available; the computer will be-
come more useful to those who do
not have extensive, specialized com-
puter training.

There also will be a proliferation
of remote, computerized sensing and
feedback control functions. Through
this - arrangement, large centralized
computers will be tied directly to user
systems in such areas as hospital pa-
tient care, research experimentation,
industrial processes, and s¢hool class-
rooms.

‘Shoe-box’ computer

As we review future trends in elec-
tronics, it becomes apparent that inte-
grated circuits will be the largest single
source of improvement and change.
As large-scale integration (LSI) con-
tinues, the number of electronic func-
tions that can be delegated to a single
piece of silicon will increase sharply.

At present, a 200-component chip
generally is regarded as average. In
two or three years these chips will
have become wafers——perhaps several
square inches in area—and we may
have up to a million components per
wafer. The “shoe-box” computer is
certainly more than a year or two
away, but obviously we are moving in
that direction.

Fabrication techniques for integrated
circuits have been vastly improved
and -simpler systems now are almost
routine. However, we are approaching
the natural limits of the photographic
processes involved, and must antici-
pate the need for improved electron-
beam and “fly’s eye” electron lens
techniques for making future ultra-
microminiature circuit patterns.

To summarize, thefe probably is no
electronic device or system that will
have a major impact on society in the
next one to three years that is not
technically feasible today. However,
even over this brief period, there are
countless new applications of present
knowledge that can—and will—gain
common use. m
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Improved metals, composites, and
bonding methods are being developed
by the METALS industries

to meet the demands of designers

in aerospace, transportation,

and other advancing industries.

by Max W. Lightner, vice president of applied research,

United States Steel Corp.

SINE WAVE beams can be accurately welded using a technique
developed by Martin Marietta Corp. These beams will be used
in the first U.S. supersonic transport.

O MEET THE GROWING require-
Tments for tough new specialty
metals by industries such as aerospace
and transportation, research scientists
-and engineers are scrutinizing all of
the traditional metal-producing and
metalworking areas.

During the coming year, their

studies will range from new ways to
use superplasticity in difficult-to-fabri-
cate metals, computerized welding, and
new composites, to ‘‘prescription
steels,” and high-purity, high-strength
whiskers.

Probably the highest strength metal
ever made has been iron whiskers.
Modern metalmaking is approaching
iron’s theoretical strength of 2- to 3-
million psi with whiskers having a
tensile strength of almost 2-million
psi. Chromium whiskers having a
strength of 1-million psi bave been
produced. and cobalt, copper, and
nickel with strengths of V2-million psi
have been tested. The highest strength
metals commercially available are fine
wires drawn from eutectoid steels. For
example, piano wires have long been
available with strengths up to almost
V2 -million psi.

By employing special steelmaking
practices and closely controlled patent-
ing and wire drawing, wire can be
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drawn in excess of 95% reduction to
high-strength levels without encount-
ering embrittlement. Production quan-
tities of 0.13 mm missile guiding
wires having strengths near 600,000
psi have been produced and it is rea-
sonable to predict that strengths
100,000 psi above this figure are not
far in the future.

High strength—Ilow weight

New construction materials are de-
sired that possess higher strength-to-
weight ratios, greater stiffness, better
fracture toughness, and more resist-
ance to environmental degradation
than those currently available. The
need of the aerospace industry (cov-
ered elsewhere in the issue) for higher
strength-to-weight-ratio construction
materials has spurred the development
of steels with vyield strengths over
200,000 psi.

Traditionally, such strengths were
obtained with high-carbon contents
and judicious combinations of alloying
elements, coupled with various ther-
mal and/or mechanical treatments.
For rigorous new applications, how-
ever, steels with greater fracture
toughness are demanded to insure
against unstable crack propagation at
stresses below yield strength.

The timely advent of the new class
of 18% nickel maraging steels a few
years ago provided steels with con-
siderably better fracture toughness at
yield strengths up to nearly 300,000
psi. They also offered better weldabil-
ity and simpler heat treatment with
better dimensional stability.

Very high strengths of these essen-
tially carbon-free steels result from
nickel-martensite formation and pre-
cipitation hardening by extremely mi-
nute particles of intermetallic' com-
pounds (NiszMo and FeTi). This is a
result of solution annealing and low
temperature aging. rather than carbon-
martensite formation and carbide par-
ticle hardening as in conventional
quenched-and-tempered alloy steels.

More recent experimental work has
indicated that this mechanism of
strengthening can be exploited even -
further to achieve yield strengths of
400,000 psi and above. ‘At the same
time, other investigations. have shown
that the toughness of these steels may
be markedly improved by reducing
embrittling residual and impurity ele-
ments to extremely low levels. More
effective steel refining methods cur-
rently being developed may provide
economical production of such prem-
ium alloys within the next few years.

A marked improvement in the
strength - ductility - toughness relation-
ship observed for conventionally proc-
essed steels appears feasible by pro-
ducing ultrafine grain microstructures.

American Society for Testing Ma-
terials grain size numbers in the range
of 10 to 15 have been obtained in
certain thermomechanically processed
steel, and similar ultrafine grain sizes
have been obtained by rapid thermal
cycling techniques in heat treatment.
Improvements in yield strength with
essentially no loss in tensile ductility
or notch toughness have been observed
in these ultrafine-grained steels.

Multicycled, rapidly heat-treated
steels currently are in. the laboratory
stage, but they may become available
commercially in the near future. Sig-
nificantly, the technique permits better
combinations of strength and tough-
ness with less alloying.

Updating welding

Higher strength materials require
the development of more sophisticated
joining methods to fabricate them into
useful structures. High voltage power
sources using electrogasdynamics will
permit the use of electron beams for
welding and cutting in air and in
partial vacuum.

Automatic computation of welding
procedures to produce welds of de-
sired properties now is at hand. It
will permit rapid computer evaluation
of possible welding procedures for any



given fabrication without the need for
costly and time-consuming cut-and-try
methods used today. Solid-state lasers
operated in the pulsed mode already
have been used to produce holograms
of weld defects. Development of con-
tinuously operating lasers will greatly
enhance the use of this application, in
this as in other industries.

Composite fabrication appears to
offer the only feasible means for gen-
erating truly “engineered” materials.
In this way we can use the extreme
high strength and rigidity of very fine
whiskers, fibers, and filaments of cer-
tain substances, such as tungsten, mo-
lybdenum, beryllium, graphite, boron,
and sapphire.

High-strength, lightweight compos-
ites of such fibers in plastic and metal
matrices already are being fabricated
experimentally for trial in certain ex-
treme duty applications. They offer
important foreseeable advances. In-
creasing interest is being focused on
this area.

In the meantime, it seems certain
that increasing application will be
made of more conventional types of
composites, such as laminated steel
plates, segmented steel forgings, lay-
ered pressure vessels, and wirewrapped
steel pipe and pressure vessels, to ob-
tain higher strength-to-weight ratios
and improved fracture toughness in
large structures like machinery and
pressure  vessels.

Reference has been made recently
to the possibility of designing steels
by “prescription.” Desired properties
would be fed to a computer and the
prescription, including the composi-
tion and the processing methods, would
be read out immediately. Mathematical
models programed on a digital com-
puter now are starting to be used to
_ simulate the effects of alloying ele-
ments and processing combinations in
designing some steels.

The need for laboratory verification
of predictions will diminish as the in-
teracting effects of alloying elements
and processing variables on mechan-
ical properties are better correlated.

Deformation of certain metals at
elevated temperatures and at very slow
strain rates imparts extremely high
ductility known as ‘“‘superplasticity.”
Investigations of this phenomenon in
various alloy systems are determining
the limits of chemical composition,
temperature, and strain rate required

_to establish high ductility.

The first use of superplasticity prob-
ably will be in the forming of high-
cost metals, such as titanium, into
complicated sections. Titanium fabri-
‘cation now requires expensive ma-
chining operations with high metal
losses. Current interest in this mate-
rial is likely to spur advances. m

INE MONTHS AGO, a life scien-

tist who took raw data from 200
samples in a liquid scintillation system
on a Wednesday felt satisfied if he had
test results analyzed by the weekend.
Today, this two-day data reduction
task is routinely handled in 70 sec-
onds!

This advancement is indicative of
what probably will be the most sig-
nificant trend in scientific instrumen-
tation during the coming year—data
enhancement.

Currently there are several differ-
ent approaches to data processing:

m Off-line data reduction, where
the chemist takes his material to a
large computer center for analysis.

m On-line data reduction, where he
uses a small processor connected to
or built into an instrument, “dedi-
cated” to a specific function.

m Time-shared computing, where
his analytical instrument is tied to a
terminal that permits access, on an
as-needed basis, toa remotely located
digital computer.

m Semiautomated operations, where

he uses simpler data-handling items -

such as programed desk calculators,
electronic integrators, and digital read-
out devices.

Simply stated, the emerging trend
toward data enhancement will permit
analytical chemists to arrive at an-
swers to their problems directly.

The use of dedicated or on-line
computers will become more common
for specialized work in which tests are
run on a more or less continuous ba-

sis. More and more of the simpler,

data-handling devices also will be ap-
plied. A strong subsidiary trend will
involve more extended use of the con-
cept of time-shared computing.

A number of recent developments is
responsible for making continuing ad-
vancements in direct data-handling
possible:

m A conversational computer lan-
guage which uses standard English
words and abbreviations has been de-
veloped, allowing the scientist to “talk”
his problem into the computer with-
out consulting a computer programer.
This speeds up the process consider-
ably, and reduces user costs.

m The development of small dedi-
cated computers and their availability
at relatively low cost has made them
feasible for use in a wider variety of
applications than was formerly the
case.

m Interfacing hardware that con-

ELECTRODES in this close-up photograph
are used to measure the pH of the
solution in the beaker. PH meters are
among the most common directly

read analytical instruments in use.

The trend
wm today’s modern

SCIENTIFIC
INSTRUMENTS

18 toward direct
data handling

for quick solutions
to analytical
problems.

by Dr. William F. Ballhaus,
president, Beckman Instruments



verts analog output from analytical
instruments to a digital form usable
in computers now is readily available.
This new family of instrumentation—
interfacing hardware or couplers —
permits readout to be converted auto-
matically to punched paper or to be
fed directly into a dedicated special-
purpose computer.

m The growth of the computer time-
sharing industry in the U.S. permits a
scientist to purchase computer time,
by the hour, over the telephone. He
merely calls a time-sharing company
and feeds his data to the computer
via telephone wires by means of a
teletype terminal at his desk. He can
either communicate directly with the
computer, or data can be fed to it
from the analytical instrument.

Bypassing secondary analysis

Until recently, a chemist using an

instrument such as the spectrophotom-
eter received only a partial solution
to his problem—a very complex wave-
form, about which he had to know a
great deal. Upon getting the wave-
form, it often was necessary for him
to consult with other chemists or to
check reference texts before arriving
at a final answer.
" During the past year, in an effort
to provide complete solutions to prob-
fems, devices have been developed that
will make analytical instrument output
compatible with computer systems, a
most significant step.

A number of products offering com-
puter compatibility already is avail-
able from the industry, and more will
be introduced during the coming year.
In addition. work on software and
data-handling equipment for a num-
ber of analytical applications is being
conducted within the industry.

To complement these efforts by in-
sttument manufacturers, I feel that
the computer industry also could make
a significant and much-needed con-
tribution to chemistry research by de-
veloping a wider variety of specialized
computer languages. While the new
conversational language is easier to
use than the established and more com-
plicated FORTRAN, it still is not
designed basically for the analytical
chemist. The growing ¢omputer rnar-
ket among instrument users could well
use software designed specifically for
the chemist, the physicist, and the
physician—in much the same way that
COBOL has proved to be useful to the
businessman.

The impact of these new methods
for rapidly processing data will be con-
siderably lessened, however, if we can-
not also acquire data at top speed.
Consequently, increased attention will
be given to automated ~methods to
speed up sample-handling procedures.
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Improved sample-handling speed
will complement rapid data reduction
capabilities, and the automation of
these processes will free technicians
and supervisory personnel for more
important tasks. A number of break-
throughs and innovations in this area
also can be expected during the com-
ing year.

In taking a closer look at the fu-
tures of specific instruments and tech-
nologies within the scientific labora-
tory community, we should think in
terms of two categories: research labo-
ratories on one hand, and industrial
production and quality control labs
on the other.

Research labs will show an increas-
ing interest in the more sophisticated
equipment. This trend reflects the
highly complex technologies that are
receiving increased emphasis today:
circular dichroism, electron micro-
scopy, mass spectroscopy, nuclear
magnetic resonance, nuclear quadru-
pole and electron spin resonance, the
Mossbauer effect, Raman spectros-
copy, gel-permeation chromatography,
far-infrared spectroscopy, and inter-
ferometry, to name a few. These rap-
idly growing technologies, of course,
are generating a great deal of inter-
est among instrument company R&D
staffs. ' ‘

For instance, because of the rising
interest in the study of macromole-
cules, as in polymer research, and the
increasing number of persons enter-
ing this field, there is a greater em-
phasis on new and improved separa-
tion techniques. Instrument makers will
meet this increasing customer demand
with improvements in existing instru-
ments, such as ultracentrifuges, gas
and liquid column chromatographs,
and with the development of new tech-
niques.

Increased interest in the measure-
ment of kinetic rates also will stimu-
late activity in related instrument areas,
notably those involving ultraviolet,
atomic absorption, fluorescence, and
electrochemistry techniques. In the
electrochemical area, particular inter-
est also is being shown in the develop-
ment of new specific ion electrodes for
analytical instruments.

Undoubtedly, because of the com-
plexity of emerging technologies, in-
struments for this segment of the sci-
entific community are going to have
to be more sophisticated. Customer de-
mand for the big, versatile, and ex-
pensive items will most likely in-
crease. This, in turn, will allow instru-
ment makers to plan for larger and
more economical production runs.
Closing the circle, these economies
will make these instruments available

to still more labs, increasing volume -

and demand even further. m

As the number
of people utilizing

TRANSIT

modes mcreases,
complex interfaces
will need solutions.

v

by Dr. Michael Ference Jr.,
vice president, scientific
research staff, Ford Motor Co.

ERHAPS THE MOST significant

trend in transportation science,
especially in ground transportation, is
the total application of systems anal-
ysis to the complex problems of mov-
ing people and goods.

By total application, I mean recog-
nition of the fact that sociological,
economic, and political pressures as
well as technology are important in-
fluences on the timing and type of
future transportation systems.

The application of systems analysis
(a technique of proven value for hard-
ware optimization) to such a large
question as how transportation sys-
tems design affects and is affected by
the urban environment is relatively
new.

We now recognize that urban plan-
ning and transportation planning can-

not be separated. But adequate tools

for such comprehensive analyses only
recently have become available.

The urgent need for this kind of
analysis can be demonstrated by com-
paring typical performance of several
transportation modes—first, in terms
of the performance capability of the
equipment itself, and then, when we
consider the time involved getting to
and fromn the various modes without
allowing for the interface problem of
waiting time.

I’d rather fly, but...

It has been demonstrated that most
people will not walk for more than
10 minutes if they have the choice of
making the trip in an automobile. But
for longer trips, the proper choice of
mode is not so clear cut.

Compared to an auto, a 150-mph
train should save about 10 minutes
for a trip distance of 32 kilometers
(20 miles) or 20 minutes for a trip
of 64 km, but this potential saving of
10 to 20 minutes easily is lost in get-
ting to the train station, waiting for
the train, and getting to the final des-
tination. ’



TRACKED hovercraft, designed by Hovercraft Development Ltd., England, glides swiftly on a cushion of air.

When realistic connecting delays are
applied to the potential performance,
the picture changes drastically. Five
minutes must be added to each end
of an auto trip for parking and walk-
ing to and from the car. Fifteen min-
utes or more must be added to each
end of a train trip for the walking,
driving, parking, and waiting involved
in getting to and from the stations.
And 30 to 45 minutes must be added
at each end of most air trips to get to
and from the airports.

Under these conditions, the choice
of mode is a highly complex process
having very little to do with the speed
of the vehicles in question.  Clearly,
the overall “‘goodness” of urban trans-
portation depends primarily on total
system design—not on the perform-
ance potential of individual compo-
nents of the system.

But time is only one criterion by

which transportation systems are eval-
uated. Other goals are expressed in
physical, economic, social, and aes-
thetic terms.
" By using models and simulation
techniques, a region’s growth and its
transportation demands may be pre-
dicted and tested. Predicted require-
" ments’ ate then used in a cost-benefit
analysis to select the system that pro-
vides the best transportation at lowest
cost. It should be emphasized that the
transportation system directly affects
future development of a region and
that the system must be evaluated
with this in mind.

Using such parametric criteria as
time, -generalized studies of this kind,
when applied to existing multi-modal
transportation systems, have pinpointed
the mode interfaces as the bottleneck
in dire need of imaginative resolution.

For example, freight containeriza-
tion, although not itself concerned with
movement, already is revolutionizing

the marine trades and gathering mo-
' mentum in the railroads. As this ser-
vice grows, the impact on rail and
highway operation will be great: con-
tainers can eliminate the costly and
time-consuming handling between
modes. Eventually, similar concepts

will lead to complete integration and
profound upgrading of freight and
passenger services.

One of the ways in which urban
environment influences transportation
motive power is illustrated by the re-
vival of interest in the electric auto-
mobile, an old concept that recently
has received great stimulus because of
a combination of desired attributes
and the promise of greatly improved
technology.

Electrics—a comeback

The earlier demise of the electric
car was due primarily to its unfavor-
able comparison to gasoline-powered
vehicles in the following terms:

= Limited energy storage (in watt-
hours/pound of battery) resulting in
limited single-charge operating range.

m Low acceleration, poor hill-climb-
ing ability, and limited top speed due
to limited power storage of battery.

The lead-acid battery, with an en-
ergy density ‘of 10 W-hr/Ib and a
power density of 32 W/1b, simply was
not adequate. However, within recent
years, several promising experimental
battery developments have been an-
nounced.

Also, we can expect some significant
improvements in the weight-to-power
ratio of electric motors. Current prog-
ress in the development of lightweight
motors utilizing electronic commuta-
tion (versus mechanical commutation
—*“brushes” in conventional designs)
suggests the possibility of motors with

_a specific weight of about 2 1b/kW—

at least a fivefold decrease from the
weight of traction motors used in early
electric cars. We should expect to see
experimental vehicles incorporating
some of these advanced components
within the next few years.

Electric vehicles and hybrid vehicles,
systems combining electric and other
propulsion modes, are the natural pre-
cursors of automated travel by means
of the dual-mode vehicle. Electric pro-
pulsion readily lends itself to “no
hands” operation on completely auto-
mated guideways. At the end of the
automatic trip, the vehicle would con-

_proaches could lead

tinue to its destination on ordinary
streets under manual control.

Dual-mode vehicle operation prob-
ably represents the next quantum jump
in ground transportation system hard-
ware. Because of the speed and head-
way improvements that derive from
automatic control, one lane of guide-
way will be able to accommodate a
traffic flow equal to five to 10 lanes
of conventional expressway.

In this sense then, the guideway is
similar to a rapid transit rail system.
But in addition, because the same ve-
hicle makes the whole trip from ulti-
mate origin to ultimate destination, the
troublesome interface between per-
sonal vehicle and mass-transit vehicle
is eliminated.

The potential benefits of such a sys-
tem are most impressive but—again—
great sophistication is required to plan
and change the urban environment if
these benefits are to be realized.

The more conventional concepts of
mass transit are currently the object
of intense activity in hardware re-
search and development. High-speed
trains in particular are receiving a
great deal of attention. Popular ap-
proaches range from improvements in
steel-wheel on steel-rail technology to
tracked air-supported vehicles capable
of speeds in the upper regions of the
subsonic range.

Through improvements in automatic
control and signaling, and particularly
with the development of dynamic sus-
pension systems, the first of these ap-
to rail rapid
transit with a speed capability as high
as 320 kph. The swifter air-supported
vehicles are of interest primarily for
intercity rather than intra-urban use.

All of these mass transit systems,
however, will not meet potential pas-
senger capacity unless much more at-
tention is given to the problem of
collecting. and distributing passengers
to, from, and in the transit terminals.
This problem brings us back to the
broad systems approach and provides
yet another illustration of why systems
planning developments represent a sig-
nificant trend in transportation. m

INDUSTRIAL RESEARCH—JAN 1968 79



Wouldn't it be great if
someone designed a 160 g
top-loader with 1mg accuracy
and all-digital readout?

Someone has.
Ssartorius.

; There are other top-loading balances
with 160g capacity, but none is as accurate
" and easy to read as the new Sartorius 2255. ..
and none is as stable.

To eliminate interpolation error with
‘between the line' results, the Model 2255
provides all-digital readout to T mg. To further
insure accuracy, there is absolutely no
discernible swing—this balance stays at the
indicated weight. There's no need to squint,
either. lts huge new optical scale is a pleasure

to read, even under the most adverse the simplest, yet most advanced top-loading
lighting conditions. balance available.

At only $725, the above features alone Sartorius all-digital top-loaders also
would make the 2255 a great buy, but there come with higher capacities. Our 40-page
are more. The Taramatic® single knob taring - catalog describes them all. For your copy, just
system and below-balance weighing write: Sartorius Division, Brinkmann Instruments,
accessories are included at no extra cost. Cantiague Road, Westbury, N.Y. 11590.

For research, quality control, student
use, or ahy other application requiring 1 mg

weighing accuracy at loads up to 160g, thisis Sal‘t I'illS balallces ‘ :

See inquiry card 80.




When you need data
about something too distant fo reach
or foo numerous to count,

Call (716) 325-2000, Ext. 3257,
This number is your pipeline to a
large staff of scientists and engineers

who specialize in photographic ways .

to collect, interpret, store, and re-
trieve information.

Systems of their design, or in which
they participated, have furnished in-
formation about the moon and solar

call Kodak

system. They’ve provided detailed
studies of debris on the ocean floor.
They’ve even followed the complex
tracks of subatomic particles.
There’s a strong probability that
photographic solutions to your prob-
lem are already available. There is
just as strong a likelihood that the
equipment, materials, and technology

can be taken right from the Kodak
shelf. A conversation with us may
save you time and money. Call.
Or, if you wish, write:
Instrumentation Sales,
Eastman Kodak Company,
Rochester, N. Y.
14650.
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3 utqmatic 2’ ‘
xposure Accuracy !

ere’s no longer any need to measure, calculate and time each photo-
crographic exposure. The Nikon AFM, with its light sensor and
mputer-control unit, does it for you automatically.

wu simply preset the ASA film rating on the control unit and press
: cable release. That’s all you need to do to be certain of a correctly
posed photomicrograph, whether in color or black-and-white.
id, if you wish to vary image density, a simple adjustment enables
u to increase or decrease the programmed exposure in fixed multi-
1s. You can also select shutter settings manually, and you can use
nventional illumination or synchronized electronic flash.

ie Nikon AFM accepts a variety of camera bodies
d film backs ranging from 35mm to 4x$5, includ-
1 Polaroid, and fits any standard microscope (it
shown "with Nikon M-35 camera body on a
kon S-Ke microscope). Two interchangeable g &
:wers are supplied: a focusing eyepiece telescope for ™
sh-power work and a ground-glass screen with 7x magnifier for
v-power microscopy. The latter also serves for group observation.
ice of the AFM, less camera back, is $795. For details, write.

kon Inc., Instrument Division, Garden City, N.Y.11530

bsidiary of Ehrenreich Photo-Optical Industries, Inc.
t Canada: Anglophoto Ltd., Ont.)

-

Seé ihquiry card 82,



FRL IS A\ === s . smmm

R___ B ___ =B ____B | PRESSURE COUNTER

° MAN UAL - FUSED QUARTZ BOURDON TUBE - DIGITAL DISPLAY COUNTER

- SERVO
« PRESSURES TO 1000 PSI |
« AUTOMATIC GAUGE . . . ABSOLUTE . . . DIFFERENTIAL

o RECHARGEABLE BATTERY PACK FOR FIELD OPERATION

o COMPACT « PORTABLE « LIGHT WEIGHT

PRICED FROM

$99500 ACCURACY .025%, FS
RESOLUTION .07%, FS

INSTRUMENT
RUSKA IR P. O. BOX 36010 « HOUSTON, TEXAS 77036

See inquiry card 83.
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Why doesn’t somebody design an
inverted microscope specifically for
tissue culture and other biological studies?

Somebody has. It’s the Wild M-40.
This is no modification. It's the newest, highest state-of-the-art in

inverted microscope design and construction. In mechanical preci-
sion. In optical quality. And in conveniences, operating speed and ease.

It's the first of its kind, a typical Wild classic. Write for Booklet M-40.

See inquiry card 84a.
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oure Just
ne Mmnute

way From
utomated
Labwashing

PAT 3,316,925

The CRC Labwasher ®

Sets up in seconds. No costly installa-
tion charges. And no inconvenience.
Quick-disconnect coupling includes
universal adapter for attachment to
any water tap. Smooth-working ball
bearing casters lock for stable opera-
tion. And a three-wire cord—over
eight feet long—makes direct con-
nection to distant outlets possible.
Operates on 115 Volts—60 cycles.
The Labwasher handles almost all
lab glassware. Cleans and dries it
thoroughly and efficiently. With 509
less breakage than handwashing.
Pays for itself in man-hours saved.

Request Bulletin No. IR 811 for
more information.

Find out more. Write to:
THE

CHEMICAL
RUBBER
co.

Department IR 811, 18901 Cranwood Parkway
Cleveland, Ohio 44128
See inquiry card 84h.




FEEDBACK

confuse secret academic research
with development in hot debate

To the Editors:

I feel that both sides in the “secret
research” debate in the October issue
missed the main point of the argument.
To start with, both the Summit and
Spice Rack projects stand in the same
relation to the science of biology as
does fabrication of a new radar device
to the science of physics. Both are
development, not research.

Whether or not a university should
engage in development is a subject in
its own right. It should be noted that
organizations such as the MIT Instru-
mentation Laboratory have done ex-
cellent development work, on classi-
fied projects, without damage either
to the standards of the university or
to the secrecy of the projects. The
absence of commercial bias in their
operation puts these organizations in
a good position to act as advisors to
the Government.

However, opponents of such activ-
ities can argue with considerable jus-
tice that this is not a proper field for
universities, and that the same bene-
fits could be obtained from the use of
other nonprofit organizational arrange-
ments. Either way, the discussion of
development projects in a university is
not germane to a discussion of re-
search.

Regarding true research, as opposed
to development, there is very little to
argue about. The Air Force Office of
Scientific Research has 1,000 grants

and contracts currently active, mostly
with American colleges and universi-
ties. In all of these, we encourage
open publication of results, and in no
case is the research itself considered
classified. Some scientists do have so-
called classified contracts, but the sole
purpose of these is to allow these in-
dividuals access to classified data
which they might require in the per-
formance of their research (for in-
stance, to extract unclassified data
from a classified report).

Naturally, this requirés some care
to, assure that they do not inadvert-
ently disclose classified information
which they obtain in the course of
their work. However, in over 15 years
of existence, the Air Force Office of
Scientific Research has not encoun-
tered a single case of such inadvertent
disclosure. And the results of the work
itself, aside from any classified data
which may have gone into it, are al-
ways unclassified. We do not: even
require prior review before publica-
tion. We ask only for submission of
manuscripts to us and to the journal
simultaneously. Similar policies are
followed by other agencies, such as
the Army Research Office and the
Office of Naval Research.

Thus, I find that the debate about
classified research is mostly not about
research; and that it grossly exagger-
ates the size and scope of the problem.
One of the biggest contributions which
could be made to the debate is to label
research and development properly,
and not confuse one with the other.

Joseph P. Martino, Major, USAF
assistant executive director
Research Communication

Air Force Office

of Scientific Research (OAR)

... and debate goes on

To the Editors:

You are to be complimented for
the timely and excellent debate on
secret research which appeared in the
October issue, and for the keen ob-
servations in your editorial on the
erosion of privacy.

Dr. Krieger and others who conduct
controversial secret research such as
Project Spice Rack should be com-
mended for their courage, just as the
Defense Dept. should be for its hon-
esty in admitting the nature of this
research. Far better to admit that such
research is being done, than to at-
tempt to disguise it.

Another example of
Lepel leadership in
Induction Heating

THE NEW EXCLUSIVE

1-660
THYRATRON
POWER CONTROL

FOR AUTOMATIC OR MANUAL OPERATION

Lepel T-660 is a versatile, all solid state
electronic power control. Operated
manually or by automatic tempera-
ture control equipment, as well as by
any detection device producing a sig-
nal of 0 to 5 ma-DC. ® Permits precise
and reliable control of high voltage
DC output from the three-phase power
supply in Lepel generators ® Rapid
electronic keying of DC power supply
m Electronic timing of short, accurate
and repetitive heating cycles ® Control
of many kilowatts of power by small
changes in current signal m Ready inte-
gration in programimed feedback or
external bias control systems.

*in all new generatars as standard equip-
ment, from 10 KW upward, Also available
for existing Lepel generators.

WRITE FOR COMPLETE DETAILS

ELECTRONIC TUBE
INDUCTION HEATING
GENERATORS

» Kilacycle Frequency » Megacycle Frequency
» Dual Frequency

HIGH F}EQUENCY
LABORATORIES, INC.

59-21 QUEENS-MIDTOWN
EXPRESSWAY
MASPETH, N.Y.C. 11378
See inguiry card 85. -
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onsolidated
stronautics

41-45 CRESCENT STREET
LONG 1SLAND CITY 1, NEW YORK

FROM ONE
SOURCE

Borides, carbides, Nitrides,’ Silicides
0f The Refactory Metals

PURE Chromium, Columbium, Hafnium,
Molybdenum, Titanium, Tungsten, Zirco-
nium Metallic Powders.

Nickel — Chromium — Tungsten; Tita-
nium — Vanadium — Aluminum; Cobalt
— Chromium — Molybdenum; and other
Superalloys in powder form.

Titanium — Stabilized Zirconia; Chrom-
ium — Thoria; Chromium — Alumina;
Yttria — Thoria; and other Ultra-Refrac-
tories and Cermets.

Catalog of more than
300 products upon request

See inquiry card 86a.

r

The formula you
write like this:

You key into

MATHATRON
like this:

And MATHATRON
prints like this:
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MATHATRON IS MUCH MORE THAN JUST A CALCULATOR

Only Mathatron will accept an equation keyed in exactly as you write it, and print it out along
with the sofutien. It is the only machine that understands the rules of algebra and can provide q
parenthecation along with powers-of-ten exponents, fuil-floating decimal point and square root.

Mathatron uses only solid state components and has a core memory for storage of formulas, num-
bers, programs or intermediate results. The basic Mathatron is expandable: Additional storage
registers, program_storage, power log, paper tape punch/reader and page printer can be added.

SN

. 1 #16+3)
((2-3+c8)=( zx/4.7))( =

©OOOREAOBROE®,

LeOCIRDO®DEEEOE

Why settie for a calculator when you can have a Mathatron.
Send today for illustrated brochure. Wright Line, A Division
of Barry Wright Corporation, 160 Gold Star Boulevard,
Worcester, Massachusetts 01606.

MATHATRON

COMPUTER / CALCULATORS,
DATA PROCESSING ACCESSORIES
AND PORTABLE CARD PUNCHES.

See inquiry card 86b.

To accuse scientists who perform
secret research of doing low-quality
work because such work is not open
to the scrutiny of the entire scientific
community is to point an accusing fin-
ger at thousands of industrial scientists
whose work must be kept secret.

It strikes me that sponsored re-
search, private or public, is a per-
manent feature of the modern univer-
sity. If a university should desire to
accept such projects, then it should be
allowed to do so. It should not, how-
ever, lose sight of the fact that the
grantor of funds, whether government
or industry, has the right to make the
rules regarding the dissemination of in-
formation resulting from such research.

Dr. Jerry F. Q’Donnell
senior research chemist
Pittsburgh Plate Glass Co.
Corpus Christi, Tex.

‘Doing’ outscores ‘results’

To the Editors:

All this “hoo-rah” over secret uni-
versity research for the DOD simply
confirms my conclusion that far too
many of the ivy set are either emo-
tionally immature individuals or de-
liberate subversives; most are in the
former group, used by the latter.

Most of this activity stems from the
snow-balling tendency of colleges to
make professors out of last year’s
PhD candidates, who know little more
than they were just taught, and noth-
ing of education. Suddenly, they know
what is best for their colleagues in
other disciplines; what university -pol-
icies should be; and which companies
the graduates shouldn’t work for.

What the whole problem boils down
to is that the purpose of a university
is to teach-—not just facts, but tech-
niques and disciplines for getting at
and analyzing facts. In the sciences,
this means the professor must be
knowledgeable in the current related
technology, and that means he must
be doing research.

What has been overlooked is that
for academic purposes it is the “do-
ing” that is important, not necessarily
the “results.” And while the research-
ing teacher should be able to compare
notes with other colleagues, it is not
necessary that his work be scrutinized
by the entire scientific community.

However, ‘“results” can be useful.
And the group that is willing to re-
lieve an institution of the cost of re-
search—while retarding teacher obso-
lescence and providing students with
essential practice — might reasonably
be entitled to control dissemination of
the results of that research. This is
simply what a company of govern-
ment unit would do in its own lab.

The alternative is increased pressure
on research-oriented people to leave

e i seai b et ier € 1




GRALAB

ALL-PURPOSE TIMERS

2 3’

X IMER
griyER3AL T ey

Easy to see and set! Large 8 dial can be set for any time within range
of 3600 distinct settings (1 sec. to 60 min,, 1 min. to 60 hrs., etc.).
At end of preset interval, alarm sounds and external load is auto-
matically switched on or off. Split-second synchronous accuracy.
Models at $26 to $33. Write for new B-page illustrated catalog.

DIMCO-GRAY COMPANY
215 E. Sixth St, Dayton, Ohio 45402

‘See inquiry card 87a.

NEW THERMOELECTRIC COOLING SYSTEM

in industry, universities, research labs:

moving parts to wear out No.fluild leak-
age. At B80°F.
pumps
transfer bar at 25°F. can be cooled to

producing prototypes, mock-ups, models.
Itlieal as  spot
electronic and other industrial equipment.
Stoek No. 70,818HE 62.0?)

MAIL UNUSUAL

oroer  INDUSTRIAL MART  “Vilues

Products available by mail. Money-back guarantes. Order by number.
Send check, m.o. or open account to rated firms. $10. minimum order.

R

VERSATILE WHITE MODELING PLASTIC

Perfect for figures, forms, shapes, prod-
uct & tool designs, negative molds, model
making, etc. Easily shaped by hand,
tools. Can be rolled flat, built up into
flgures. Permanently pliable until baked
at 300° F. for 15-30 minutes in oven—
no kiln nor plaster molds needed. Re-
quires no curing. Won’t shrink. Acquires
permanent, non-brittle hardness when
shaped & baked, Can then be cut, sawed,

NEW LOW-COST WTER ‘STII."

Now get up to 1% gals. pure distilled
water -a day for 6¢ gal.—no matter where
you are. Perfect for photographers, in-
dust, labs, travel. Compact, lightweight
““still’”” completely removes rust, deter-
gents, pesticides, chlorine, fluoride, alum,
sulphur, etc. No plumbing hook-up
needed. Automatic shut-off. Plugs into
110V, 60-cycie outlet. Includes heating
element, Pyrex boiler, plastic stand, %

gal, receiving bottle. L. N driiled, sanded, painted, embossed.
13%” high, gl/z"n sqe, bge{l wapp;ov]g: Smooth, non-sticky, harmless—will not
Stock No. 80,102HE.. . . . $61.50 Ppd. stain or stick to skin. 3 lbs.

CARRYING CASE Stock Ne. 60,656HE.. .3 lbs. $4.50 Ppd.
Stock No. 70,908HE. $6.75 Ppd Stock No. 70,309HE. .10 lbs. $11.50 Ppd.

GIANT FREE CATALOG

Completely new 1968 catalog. 148 pages
packed with nearly 4,000 unusual bar-
gains. Exciting new categories. Many
new Items. 100s of charts, illustrations.
Many hard-to-get surplus bargains. Enor-
mous selection of telescopes, microscopes,
binoculars, magnets, magnifiers, prisms,
photo compenents, etc. For hobbyists,
experimenters, workshops. Shop by mail.
No salesman will call. Write for Cata-
log “HE".

Complete, solid state unit. Amazingly
versatile. Excellent for experimental uses

Silent, motionless. Simple to operate. No

ambient temp., unit
up to 35 BTU/hr., yet keeps

13°F. Save thousands of dollars in

cooler in instruments,

Ppd.
ORDER BY STOCK NUMBER * OPEN ACCOUNT TO RATED FIRMS ¢ MONEY-BACK GUARANTEE

EDMUND SCIENTIFIC CO. 300 EDSCORP BUILDING

» BARRINGTON, NEW JERSEY 08007
See inquiry card 87b.

FLAMELESS BLOW TORCH

FOR FAST HEAT
up to 1,000O F.

For applications requiring quick concentrated
heat blast up to 1000° F, without flame. Soften,
form, mold and patch plastics, etc. Temperature
varied by air intake adjustments, 115-230 V. AC
motor. 3 wire plug. -All 115 V. models equipped

with adapter for 2-prong receptacle. 8 #t.
heavy duty cord. Intermittent duty. Other
models available with lower temp. ranges.

Model HG 501—500° F. 115 V. $49.90 (Others $44.30 to $67.85)
AIR HEATER BLOWER

For quick electrically heated air up to
7! F. For accelerating drying proc-
esses or for localized heating. B.T.U.
3400. Air velocity 1350 FPM, 115-230 V. -
AC only. 3-wire plug. All 115 Y. models
equipped with adapter for 2-prong
receptacle. 8 ff. heavy duty cord. Con-
tinuous duty, 2” dia. x 3“ long dis-
charge nozzle.

Mode! AH 501—500° F. 115Y—3$53.95
(Others $56.85 fo $90.25)
Write today to Dept. 268-A
Send for information on hair dryers, hond and foot massogers, vibrators,
grass trimmers, hair clippers, food blenders and air purifiees.
See our specs In VSMF

MASTER APPLIANCE CORP.
Racine, Wisconsin 53403

See inquiry card 87c.

1847-1931

easier to
“See the light”
) if I'd had the

advantages of

Laboratoy Equipment hecause...

1 « it's experience-designed to best serve every scientific need.

2. it's engineered to take abuse and yet it lasts and lasts.
3- its components combine to fit each other and surroundings.

4. it offers a complete line of products attractively and dur-
ably finished.

Send for a FREE copy of our
Metal Laboratory Furniture catalog.

KEWAUNEE MFG. 0., ADRIAN, MICHIGAN
5168 S. CENTER STREET

See inquiry card 87d,
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TAKE TEMPERATURE
WITH A MICROSCOPE ?

With this new
IR Microscope
you can now take
the temperature of
targets that are...

...very small
... inaccessible
...delicate

... dangerous

Is it too small to handle? Too delicate to dis-
turb? Too dangerous to touch? The Barnes Infrared
Microscope will take its temperature . . . from any
angle. Without touching it. Without altering the
state of the target being measured.

A crab’s eye or a rapidly-stitching sewing
needle, a memory core or a spinning motor shaft
in a bell jar, in situations where most conventional
temperature sensing devices fail, the IR micro-
scope measures quickly and accurately.

With its small spot size — lens. options to
.0007-inch — and its long working distance — up
to 13 feet — you can make temperature measure-
ments of small targets through tfiny view ports,
down narrow shafts, in evacuated or contami-
nated areas. And the IR Microscope’s wide-angle
optics permit you to view the target all the while.

Typical size of the Infrared Microscope’s col-
lecting beam is 3-inch. Speed of response: 10
milliseconds. Temperature resolution: 0.5°C at
room ambient; better at higher temperatures.
Standard range: 0°C to 165°C (extended range to
2500°C available). Mount: tripod or stand.

For a free bulletin describing this Microscope,
write to Product Sales Manager: Barnes
Engineering Co., Stamford, Conn. 06902

Barnes

ngineering Company

...Where Infrared Is Our Business!
See inquiry card 88.
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universities for private laboratories,
further reducing both that cross-talk
which occurs in the less parochial aca-
demic research laboratories, and the
pressure -to make results public.

The only criteria for university re-
search should be:

m The availability of suitable facil-
ities with which the research can be
safely performed.

m The willingness of any teacher or
student to perform the subject research
within whatever restrictions are im-
posed.

m The determination that the re-
search is indeed of academic value.

Mass dissent which encourages un-
reasoning participation, or physically
interferes with the rights of others to
their own education (or to make their
own decisions), is prima facia evi-
dence of unfitness for the responsi-
bilities of the academic community.
College administrators who take any
position but this on such dissent,
either regarding research contracts or
any other aspect of policy, program,
or decision properly established, do an
unconsciouable disservice to the ma-
jority of their students and facuity.

It is sickening to find so-called
teachers and members of purportedly
“enlightened generation” of students
displaying an attitude which says “I'm
right: things will be done my way or
not at all.” This reflects a degree of
dogmatism unparalleled since the In- -
quisition.

Both as student and as practicing
engineer, 1 have found universities to
be populated by mortals; no more nor
less objective, not specially endowed
with greater insight, having no keener
or duller moral sensitivity than the
men who do research for government
or industry, and not (per se) appre-
ciably better informed.

Edward D. Henze

senior development engineer
Mobil Chemical Co.
Richmond, Va.

Survive first; publish later

To the Editors:

Until now, I have been only an in-
terested spectator to the quarrel over
secret defense research in universities.
Rather than engaging in a point-by-
point discussion, let me state my per-
sonal position in general terms:

m Nature’s first law is survival;
neither insects, nations, nor university
professors are exempt from this law.

m There is no second prize in war
—unless you happen to lose to the
U.S. —nor are there sportsmanship
awards. History has shown that the
only war criminals are losers.

m Totalitarian governments may
seem to be generous to their academi-



specification
and application
information

I NEW!

ULTRA LOW
¢ TEMPERATURE
FACT FILE

®
Featuring cabinets from 11,—24 —
cu. ft. Pulldowns from ambient {o F

—140°F. (—96°C).

Revco cabinets are used the world over for
industrial, medical and sciedtific research
projects. Send for this FREE line and fact
folder today. Chances are there’s a Revco cabi-
net just right for your next job application!

R EE\/ C O INC. pept. 1R18

industrial Products Division e Deerfield, Michigan

L wEraasow TARpERATER

See inquiry card 89a.

Engineering data bulletin tells how
designers improve products and cut costs

‘with flame sprayed coatings

Offers practical ideas for

THE METEO designing machine parts that
FLAME SPRAYING PROCESSES

resist extreme wear, abrasion
and corrosion. Case histories
show how flame spraying re-
ducescostly“over-engineering”
by applying coatings of pre-
mium metals or ceramics to
base materials. Result: im-
proved products with longer
service life and lower produc-
tion costs.

Describes latest developments in flame spraying.
Tables give complete engineering data including
physical properties of sprayed coatings. Bulletin also
includes suggested applications, and a complete round-
up of latest methods, materials and equipment, includ-
ing Plasma Flame, -

Send for your free copy today—‘“The Metco Flame
Spraying Processes” (Data Bulletin No. 136C).
Have a special design or production problem? Tell us
what it is and we'll be glad to tell you whether flame
spraying can help you solve it—and if so, how. No
obligation, of course.

BMETCO) N Sy, LN

o Rlame Guay Ejuspment and. Supplies

See inquiry card 83b.

Be letter-perfect
with CHART-PAK’S
Deca-Dry°
Transier
Lettering

ONLY $1.25 PER SHEET
(2 SHEETS FOR $2.25)

Ready at the last minute to get the job out!

» Just position and rub on'in far less time, at
far less cost than hand-lettering or type-setting.

» Camera-ready in minutes for sharp, clear line
copies.

+ Available in over 70 popular styles in a complete
range of sizes. . .

Using is believing . . . write for free samples and a

complete catalog of all Chart-Pak® graphic aids.

CHART-PAK, INC.

A Subsidiary of Avery Products Corp. &
135A River Road, Leeds, Mass. 01053

Look in The Yetlow Pages under Art Supplies,
Drafting Supplies for your dealer's name,

See inquiry card 89¢.

to known in 30 seconds.

Brookfield Portable Viscometers give you accurate viscosity
measurements in seconds. With 8 speeds, 7 spindles and

56 measuring ranges, the versatility of these instruments is

almost limitless. No fiddling, no fussing. You get direct readings

from 1 to 64,000,000 in Brookfield Centipoises (the viscosity

"“language” understood throughout the world). And Brookfield

Viscometers are as precise as they are convenient —

accurate to 1% of full scale.

Write for our latest catalog, today.

Brooktield

ENGINEERING LABORATORIES, INC.
STOUGHTON 20, MASSACHUSETTS

See inquiry card 89d.
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stant stream.

PQ literature is designed to help
you use these soluble silicates as
effectively and profitably as pos-
sible. Speaking of good “books,”

Read any good “Books” recently?
Here are some...

To keep our customers up-to-date
on the properties and uses of the
more than 70 sodium and potas-
sium silicates in the PQ line, we
publish literature in a nearly con-

we suggest you look at some
typical PQ publications.

Philadelphia Quartz Company
1135 Public Ledger Bldg., Philadel-
phia, Pa. 19106; Philadelphia Quartz
Co. of California, Berkeley, Calif.

94710; National Silicates
a®

Limited, Toronto 14, Ont.;
Trademarks—Reg. U.S. Pat. Off.

Silicatos y Derivados, S.A.,
Tlalnepantla, Edo. de Mexico

. Start with [0 “PQ Soluble Silicates, Properties and Applications” as a
: . general introduction. Then proceed to your own specialty. For example:

[0 Silicates in Detergents (Bulletin

1-20)

{0 PQ Soluble Silicates for
Detergent Formulations
(Series 41-18)

[0 PQ Soluble Silicates—Textile

Processing {Bulletin 17-8)

(1 PQ Soluble Silicates for the
Pulp & Paper Industry
{Bulletin 6-1)

[0 Versatile Sodium Silicate
Adhesives (Bulletin 7-6)

[0 Pelletizing, Granulating and

Briquetting {Bulletin T-24-11)

[J Treatment of Raw and Waste
Waters (Bulletin 52-19)

[1 KASIL Potassium Silicates,
Properties and Uses
(Bulletin 47-1)

(O Bibliography—PQ Soluble
Silicates—Indusirial and
Technical Publications
(Bulletin 17-4)

0 Silicate P’s and Q’s (monthly
publication on current
developments)

Check the titles you want and send us the coupon. One of these “books”
could help overcome a research problem.

Name. Title

Company.

Address

: City. State Zip

See inquiry card 90.
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cians, but they will not take “no” for
an answer: remember the Lysenko
case.

= Should a new world conflict break
out, there will not be sufficient time
for mobilization of our physical and
intellectual resources. The war will
have to be fought with the means at
hand—we dare not fall behind.

The feeling that the “best minds”
have much better things to do than
maintain our readiness, which may be
serving our theoretical long-range in-
terests, will not serve to help us sur-
vive, and we must survive in order to
reach our more worthy goals.

The university itself, even as does
its students, owes direct service to the
defense of the nation, not at some time
of its own choosing, but when the need
arises. And one assumes the univer-
sities would seize this responsibility
willingly because of their favored tax
status and the great amount of federal
support at all levels.

Furthermore, I can have no respect
for those who would gamble away per-
sonal human freedoms by clinging to
their “academic” freedom” above all
else. This is the attitude of the “dog in
the manger,” and lowers these people
from an exalted position of general
respect to the status of merely another
bunch of freeloaders looking for some-
thing for nothing.

Robert S. Rabinowitz
senior analytical chemist
Norwich Pharmacal Co.

Norwich, N.Y.

Address your comments on I'R articles
or other pertinent R&D subjects to the
Feedback Editor, and enclose them,
together with perforated inquiry cards
from the new producls section, in the
post-paid envelopes in each issue. m




FREE BULLETIN

MECO’S

COMPACT, NEW
INERT GAS MIXER

e gives you a positive, homogeneous
mixture . . . even though you have a
wide variation of densities or ratios
of flow

e allows you to mix 2, 3, 4, or more
gases with 10097 mix-accuracy

FREE

Write today for Bulletin R-20,
containing completely illustrated
technical data.

MODERN ENGINEERING CO.
3500 Bernard, JE 3-3100 « St. Louis, Missouri 63103

See inguiry card 91a.

PRECISE CONTROL...
NEW LAD1-42H OVEN FOR:

o LABORATORIES e TESTING
o PRODUCTION
o RESEARCH

. ..A SUPERIOR, TOTALLY
ENGINEERED OVEN

This electric horizontal forced  justment of bath the fresh air
convected oven is a precision intake and exhaust airflow,
laboratory instrument with an Highest quality construction
operating range to 650°F and  includes a stainless steel in-
salid state controls with terior equipped to accept 207

72°F sensitivity. x 18" shelves on V2" centers.
Separate front mounted con- Overall Dimensions: 32" wide,
trols provide independent ad- 28" deep and 49" high.

WRITE FOR NEW BULLETIN 203-10W

DESPATCH / 619S.E Eighth st.
OVEN COMPANY / Minneapolis, Minn. 55414

See inquiry card 81h.

1DEAL FOR MACHINING
ALL PRECISION PARTS
IN YOUR OWN LAB
OR SHOP

THIS EXCITING NEW PRECISION MACHINE
COMBINES LATHE,VERTICAL MILL & DRILL-
PRESS IN ONE, COMPACT UNIT! . . . $595

Superb features of new MAXIMAT 7 offers
you: Versatility—performs all basic machin-
ing jobs of 3 separate machines; Dead Accu-
racy—machines easily to .0004"; extra-large
Capacities—'%2" collet cap. #2
MT spindles; Convenience — 2
built-in wired motors, instant speed
selections; Power —all gear spindles
and drives; Cheice —2 larger MAXIMAT
10 models avaiiable.
Write today for detailed
catalog.

AMERICAN EDELSTAAL, INC.
350 Broadway,
New York, New York 10013.

MAXiMAT0

See inquiry card 91c.

r LASER SYSTEMS
AND THEIR APPLICATIONS
By HERBERT A. ELION,
Arthur D. Little, Inc., Cambridge, Massachusetts

A unique, comprehensive introduction to the use,
development and practical applications of lasers in
systems for the general scientist or specialist in
engineering physics, chemistry, biology, medicine
and related fields.

SOME OF THE AREAS COVERED INCLUDE:
Welding. Machining. Drilling. Surgery. Chemistry.
Photochemistry. Biology. Photography. Microgra-
phy. Raman spectroscopy. Plasma research. Ranging
-and surveying. Radar. Sonics. Meteorology. Naviga-
tion. Inertial guidance. Velocity and Doppler Radar.
Seisometers. Communications and signalling. Holo-
graphy. Optical data processing.

Five special appendices are added

providing information on:
1. Health hazards

2. Laser use in physical optics experiments

3. Development of special lasers |

4. Raman scattering
5. NASA collections containing unciassified
reports on laser R. & D.

636 pp., 86 illus.-Appendices, Indices, 1967 $22.50
Order direct from your bookstore, or:
PERGAMON PRESS, INC.

44-01 21st Street, Long Island City, New York 11101

See inquiry card 91d.
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You get results from Cross that you can’t
get anywhere else, because of the
unique ribbon and strip metal rolling
techniques we have developed.

For that reason, the nation's largest companies give us their tough, got-to-be
right jobs. They're right down our alley.

Our ability to hold tolerances is one reason why. With tungsten and
molybdenum, we'll hold a tolerance of == .0001” on-all thicknesses. Name
one other company that can. With just about any other metal or alloy,
we'll hold to == .00005”. The whole run through.

Cross makes a big thing of custom work, too. Whether your requirements are
big, medium or small . . . tough or simple to produce ... we'l

roll metal to your exact specifications. With zero defects. Help you

smooth out and speed up production.

Move into our league and get a real roll for your money, the next time
you need ribbon or strip metal. It's a striking experience.

For further information write H. Cross Co., 363 Park Avenue,
Weehawken, New Jersey, or call {201) 863-1134.

H. Cross Co. “The Master Rollers”

See inquiry card 92a.
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Some
contamination
is invisihle

Even invisible contamination can't
escape this gentle flood! Haws emer-
gency drench showers and eye/face-
wash fountains respond instantly ...
to cleanse all harmful chemicals, ra-
dio-active material and foreign mat-
ter down the drain ... to literally
wash accidents away! For Haws’ com-
plete “First Aid on Tap!” catalog,
write Haws Drinking Faucet Com-
pany, 1443 Fourth Street, Berkeley,
California 94710.

washes
it all
away

See inquiry card 92b.




BOOKS AND REPQORTS

evolving society and economy:
planners describe the year 2000

ScIENTIFIC ADVANCES of the last 25
years have made it progressively eas-
ier to do without what once was re-
ferred to as an “open mind” about
the future. So much of the creative
thinking that went into science fiction
_in the 1930s is now in hardware that
few are startled by appraisals of the
year 2000.

Futurians have no doubt that we are
well into the seminal period of mod-
ern technology.

What form will this unprecedented
period of technical growth press onto
the societies — indeed the world — in
which it takes place? What will be the
effect on the personal lives of those
who live to see the year 20007 Will
man continue to control technological
advance, or, as the novelist John Barth
has suggested in his novel “Giles Goat-
boy” (also recommended reading),
will the machine take over man? How
much? Will life be tolerable? Will we
care whether it is or not?

There has been a recent spate of
books on the future. Two books in
particular are of interest to science-
oriented readers:

m “The Year 2000, a Framework
for Speculation on the Next Thirty-
Three Years,” by Herman Kahn and
Anthony J. Wiener, published by
Macmillan Co., New York (431 pp,
$9.95).

m “Designing the Future: The Role
of Technological Forecasting,” by
Robert W. Prehoda, published by
Chilton Book Co., New York (310
pp, $8.50).

Institutionalizing research

The hinge upon which both of these
books turn is the extent to which in-
novation becomes. institutionalized in
tomorrow’s socioeconomic scheme.

“The Year 2000” makes a straight-
forward attempt_ to extend trends that
have been enshrined in Western his-
tory since the 11th or 12th centuries.
Through the use of ‘“‘scenarios,” the
authors “play” the future through to
its several likely ends (or points of
continuation, as the case may be).

Implementing both the pessimistic
and optimistic long-range views of sci-
ence, international politics, war, and
social change, the authors present no
really rock-ribbed predictions, but pro-
vide, as the subtitle of their book sug-
gests, some departure points for spec-
ulation on the next 33 years. (For a
partial list of innovations they deem

likely during this period, see this is-
sue’s “Opinion Poll.”)

The authors have some interesting
questions to ask about the role of the
individual in the world of increased
leisure and decreasing individual pro-
ductivity. What will take the place of
the benefits our culture has ascribed
to productive work: role, status, sense
of striving, feeling of productivity,
competency, and achievement?

Problems and answers

Prehoda addresses a major portion
of “Designing the Future” to this ques-
tion. The answer: a research-oriented
society — extensive institutionalization
of research, innovation, development,
and diffusion of findings and benefits.

Prehoda wants our society to confront

the future with a preconceived, self-
conscious goal. He sees the salvation
of the individual in personal devotion
to the problems, applications, and new
directions that the current burgeon-
ing technology will make possible.

The difficulty with this approach
is that cultures don't usually define
their needs in the full light of reason
and then forge ahead toward them.

The U.S. certainly has not; we are
more apt to see an immediate need,
such as winning World War 1I, gear
up for it, do it, and then lapse back

" to normalcy. Trends overtake society.

We often find ourselves confronted
with a new, unexpected, unprovided-
for event which prompts short-term
reaction.

Furthermore, how. can the political
leadership of a country address itself
to such a gigantic question as imposing
a predetermined long-range future on
a society? How will Congress, for in-
stance, be motivated to take such pro-
gressive steps as to make possible the
future Prehoda wishes to see?

Such an event would be for the
world tomorrow of as great a signifi-
cance as the Declaration of Independ-
ence or the Bill of Rights have been
for the last 200 years. Current budget
cuts in programs many scientists con-
sider essential to progress are being
made by the very persons who would
have to be motivated to fund projects
to make such a future come about.

It is far more likely that events will
lead to this kind of future than that
we will be able to impress on our so-
ciety the importance of taking the
steps to enable its creation in advance.

But Prehoda’s major point in this

Make fast, accurate,
repeatable friction and
wear measurements

8 Oscillating or unidirectional motion

I Bearing pressures to 110,000 psi

B Infinitely variabie speeds

I Automatic shut-off allows
unmonitored operation

Metallic or non-metallic specimens,
similar or dissimilar materials, lubri-
cated or dry—this ALPHA Model
LFW-1 Testing Machine assures accu-
rate, repeatable friction and wear
measurements.

Made in three modeis—Standard,
Variable Drive and High Speed-—the
LFW-1 Machine offers precision, ver-
satility and simple operation for a
wide range of friction and wear in-
vestigations. For example, using the
osciilating drive feature of the Model
LFW-1, the movement of ball joints,
wrist pins and similar applications
may be simuiated.
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¢ 12-page illustrated brochure

* Actual friction and wear test reports
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Dow Corning Corporation
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WHY PAY MORE?

Ounce for Ounce

ALCONOX
CLEANS BETTER

...and saves you
up to 66c a lb.

All BIODEGRADABLE!

Where perfection depends on cleanli-
ness, it is impossible to escape the fact
that glassware, equipment, instruments
and component parts—requiring abso-
lute cleanliness—in Laboratories, Hos-
pitals and Industries—must depend on
the highest quality detergents,

ALCONOX

THE MASTER CI.EANER-

¢ For manual clean- ,
ing. Meets highest
government speci-
fications! In 3 lb.
o boxes, and 25, 50,

v® 100, 300 Ib. drums.

3 Ib. BOX-
o $2.12
Case of 12 Boxes— $20.00

w prevents water-spotting

from final rinse, for
scientifically-clean glass,
. metals, plastics, etc., in
all mechanical washers.
In S Ib. boxes and drums
as above.

> 51b. BOX—$%3.00
Case of 6 Boxes—$15.00

ALCOTABS

For syphon-type pipette and test tube
washers—one easy operation! In 100-
tablet boxes.

Box of 100 Tablets—$5.00

LIQUI-NOX

THE PERFECT LIQUID DETERGENT!

For manual cleaning. Mild
(neutral pH). Non-toxic.
Contains no phosphates.
Equally effective in hard or
soft water. OQutstanding
blood and fat solvent. In
quarts, gallons, & 15 gallon
drums. .

PER QUART—$2.15
Case of 12 Quarts--$19.92
PER GALLON—$7.00
Case of 4 Gallons—$24.00

All prices slightly higher West of Rockies.

STOCKED BY LEADING
LABORATORY SUPPLY DEALERS
EVERYWHERE — CONSULT
THE YELLOW PAGES

ALCONOX, INC.

-

NEW YORK, N. Y. 10003

inquire about bulk prices
for additional savings.
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outstandingly readable book is that the
acceéptance of technological forecasting
as a major policy tool could make his

" approach possible, and for this con-

tribution, he is to be applauded.

The dybosphere

Another book which addresses it-
self to the problems of the future is
Richard R. Landers’ “Man’s Place in
the Dybosphere.” Landers contends
that “two great trends characterize our
times. One is to mechanize humans;
the other is to humanize machines.”
Using these as a point of departure,
the author leads his reader through
the maze of tomorrow — the dybo-
sphere—the realm of artificially cre-
ated things that behave in a lifelike
fashion. “Man’s Place in the Dybo-

. sphere,” by Richard R. Landers, pub-

lisheéd by Prentiss-Hall Inc., Edgewood
Cliffs, New Jersey, 266 pp, $5.95. —

“F. RICHARD ADAMS, SPECIAL PROJECTS

EDITOR. W

Other publications

'LanNGE’s HANDBOOK OF CHEMISTRY,

10th ed., compiled and edited by N.
A. Lange; McGraw-Hill Book Co., 330
W. 42nd St., New York 10036, 2001
pp, $12. This is the latest revision of
the authoritative compilation of facts
and data for every aspect of chemis-
try. Includes recent changes in con-
cepts and technology, particularly the
use of carbon-12 as a basis for atomic
weight calculations.

THE ENCYCLOPEDIA OF BIOCHEMISTRY,
edited by R. J. Williams and E. M.
Lansford Jr.; Reinhold Publishing
Corp., 430 Park Av., New York
10022, 876 pp, $25. This compendium
of articles (some 800 in all) is writ-
ten both for laymen and specialists.
Detailed treatments in the rapidly
growing field of biochemistry are pre-
sented in this form for the first time.

ScieENCE, TECHNOLOGY, AND AMERI-
caN ForeiGN Polricy, by E. B. Skol-
nikoff; The M.LT. Press, Cambridge,
Mass. 02142, 330 pp, $8.95. Written
by a former presidential advisor on
science and technology, the book sheds
light on a widely accepted but ill un-
derstood aspect of public policy.

TecHNoLOGY, EcoNoMiC GROWTH,
AND PusLic Poiricy, by R. R. Nelson,
M. J. Peck, and E. D. Kalachek; The
Brookings Institution, 1775 Massachu-
setts Av., NW, Washington 20036,
238 pp, $6. The result of a Rand
Corp. and Brookings Institution study,
this book analyzes the way in which
technical advances occur, the impact
of new technology on the economy,
and the changes in governmental pol-
icy needed to stimulate advances. =
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comparable, anywhere.
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Wide Dynamic Response Range.
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MARKET
RESEARCH

it pays to know your market.

Whether you are planning a new technical
business venture, expanding your product
ling, or need to know the reason for lagging
sales—you’ll be better equipped to handle
the problem if you have all the facts.

The Research Dept. of Industrial Research
Inc. has the capabilities to conduct or assist
with market research projects for technical
companies and organizations on a fee basis.

Gathering data is our business. We've been
doing it for years and have completed numer-
ous reports dealing with instruments, mate-
rials, components, and other technical areas.

We have the staff and the experience to con-
duct personal interviews anywhere in the
country as well as telephone and mail surveys.
For additional information, return inquiry card.

Research Department
INDUSTRIAL
RESEARCH

BEVERLY SHORES, IND. 46301

See inquiry card 95c.

when
seconds
count

count them
with this
Gallet

15th second
timer

GALLET

Precision timer for industry or sports.
Long hand registers fifths of seconds, smali

hand registers minutes up to

30. Start, stop

and flyback from crown. Unbreakable mainspring,

7 jewel. #300, $38.40. For complete catalog

showing world’s largest collection of timers and chronographs,
write to: Jules Racine & Co., Inc., 521 Fifth Avenue,N.Y. 10017

- Above Price is Approximate
See inquiry card 95h.

21 different, new, low cost,

corrosion-proof

Electrostatic epoxy coating
resists corrosion, takes hard use
bhetter than chrome or stainless.

Labconco carts are heavy gauge
steel with all welded joints.
No bolts or rivets to work loose.
All metal surfaces are electro-
statically coated with light green
epoxy. Fiberglass, compressed
asbestos and polyvinyl are other
materials used.

laboratory carts.

m Prices as low as $45.00

» Handsome, compliment any
lab.

n Free, fully illustrated catalog.
Just contact your laboratory
supply dealer or write Labconco
Corporation, 8801 Prospect,
Kansas City, Mo. 64132
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OPINION POLL RESULTS

readers disagree on the merits
of classified university research

SCIENTISTS AND ENGINEERS were al-
most equally divided over whether or
not universities should perform secret
research, a question currently in de-
bate on the nation’s campuses. Of the
1,160 respondents to the October
“Opinion Poll,” 39% voted in favor
of secret rtesearch; 37% were oOp-
posed; and 24% said “in some cases.”
Backing up their stand with indi-
vidual reasons, proponents of secret
research said that universities had the
best people and facilities available;
that national security and defense were
at stake; and that academic minds
should support national goals.
However, the opposition claimed
that secret research was contrary to
a university’s role of discovering and
freely transmitting knowledge; that
universities were poor security risks;
and that other agencies could do the
job just as well. .
Still, a considerable number of re-
spondents felt that secret research was
justified in some cases, such as emer-
gencies involving national security and
welfare, and when the best personnel
to do the research could be found
only at universities. .
Almost all the respondents favored
sponsored research for both govern-
ment agencies and industrial organiza-
tions when the results could be made

public. But when it came to secret re-

search, the number dropped to 51%
for government research compared to
only 29% for industry-sponsored re-
search.

Tabular results of the October
“Opinion Poli” follow:

Q 1: Should universities perform secret

research?
VS ooty 39%
NO t ittt i 37
Insomecases .............. 24

Numerous reasons were cited for
the above answers, most of which
were mentioned in the preceding sum-
mary.

Q 2: Do you agree with these state-
ments made by opponents of secret
university research:

... Academic research must be open
to scholarly criticism?

Yes....69% No....31%

...Secret research causes a rift in
academic staffs between those who
. have security clearance and those who
do not?

Yes....53% No....47%

96 INDUSTRIAL RESEARCH—JAN 1968

... A university tends to relegate its
overall goals to those of the secret re-
search sponsor?

Yes....35% No....65%

...S8ecret CB research violates prin-
ciples taught by other schools within
the university?

Yes....36% No....64%
... Universities are poor security risks?
Yes....57% No....43%

Q 3: Do you agree with these state-
ments made by proponents of secret
research at universities:

... University scientists must be aware
of secret research so they can examine
the harmful effects of experiments on
our biosphere? '

Yes....62% No....38%

...There are no legal restraints on
CB research and no such thing as
“bad” knowledge?

Yes....70% No....30%

... It is necessary to perform secret
research for the sake of the nation’s
security and the contribution of uni-
versity scientists should not be dis-
couraged or forbidden?

Yes....70% No....30%

Q 4: Should universities perform spon-
sored research for:
Government agencies where
the results are available
toall ........ ..t 90%
Industrial organizations
where the results may
be published ............ 90
Government agencies where
research results must be
kept secret? ............. 51
Industrial organizations where
the results must be kept
proprietary? .., .......... 29
No sponsored research ...... 7

Q 5: In your opinion, what functions
should a university perform?

Instruction of students ...... 98%
Performance of original
research ................ 87
Serve as an impartial critic
tosociety ........ ... 47

Other frequent suggestions included:
support of our nation’s goals, service
to the community, and a repository of
knowledge for consultation by govern-
ment and industry.

This month, the “Opinion Poll”
questionnaire deals with your forecast
of future technological advances. m

DOUBLE
DE-IONIZER

Two |LLCO-WAY
Throw-Away
lonXchange Cartridges
in a Duplex Mounting
Fixture (Duplex Fixture
alone is $26.00 com-
plete with fittings).
Cartridges shown are
Type R-2 Research
Mode! ($12.50 each),
which remove all  °
jonizable solids includ-
ing silica and CO2.
Capacity is 580 grains
per Cartridge as CaC03,
maximum flow rate is
5 gpm. Less expensive
(and less effective)
Cartridges and Wall
Brackets are also avail-
abie for services which
are less demanding.
ILLCO-WAY Cartridge
lonXchangers are
widely used in labora-
tories, schools, apothe-
cary shops, power
plants, hospitals, and
many other places
where easy, limited-
flow, purification of
local water supply

is desired.

MORE THAN

Two Cartridges used in this way will give you more
than twice as much purified water as one Cartridge
alone—and the water will be of better quality, more
“*polished,” with the amazing purity of 15 megohms
or better. How is this accomplished? By a tube in
the fixture which connects the Cartridges in series.

GET FULL CAPACITY
AND BETTER WATER

The first Cartridge stays in place until it is com-
pletely exhausted as shown by the color change —
as conirasted with a single Cartridge, which is
usually discarded with 15% to 20% of its capacity
remaining, to avoid “leakage.” Then the second.
Cartridge is put in place of the first one and a new
Cartridge put in the second position. Since the
second Cartridge, now in the first position, has not
untii then used up any of its de-ionizing capacity,
it can also be run to complete exhaustion. One clear
result — an immediate reduction of 15% to 20% in
the cost of Cartridges for a given amount of water
used. If all this sounds abstruse or mysterious to
you, we suggest you discuss it with your lab supply
house or if that is impracticable address your
questions to Mr. A. W. MICHALSON, ILLiNOIS
WaTER TrREaTMENT CoMPaNY, 840 CEpDar ST,
RockFoRrDp, ILLINOIS 61105 (815-968-9691).
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OPRPINION POLL

which technical innovations
will be realized by year 2000?

- IN THEIR BoOK, “The Year 2000,” Herman Kahn and Anthony J. Wiener pre-
sent a list of technical innovations that will be very likely, less likely, or un-
likely to occur during the last third of the twentieth century.

The editors of Industrial Research would like to obtain your opinions con-
cerning these proposed innovations—your estimates of when, if ever, you ex-
pect them to become realities.

The 98 possible technical innovations listed below were abstracted from the
Kahn and Wiener compilation of 135 items. Adjacent to each innovation is a
rating scale that you can use to indicate your opinion of the time period during
which each innovation will be realized.

We would like to thank McMillan Co. for permission to abstract the list of
innovations. A review of the book, “The Year 2000,” appears in the “Books &
Reports” column in this issue.

1. More reliable and longer-range weather forecasting.
2. Intensive and/or extensive expansion of tropical agriculture and forestry.
3. New methods of water transportation (such as large submarines, flexible
and special purpose “container ships™).
4. Major reduction in hereditary and congenital defects.
5. Extensive use of cyborg techniques (mechanical aids or substitutes for hu-
man organs, senses, limbs, or other components).
6. New techniques for preserving or improving the environment.
7. Relatively effective appetite and weight control.
8. New techniques and institutions for adult education.
9
0
1

New and useful plant and animal species.

Controlled and/ or surpereffective relaxation and sleep.

New or improved uses of the oceans (mining, extraction of minerals, con-

trolled “farming,” source of energy, and the like).

12. Three-dimensional photography, illustrations, movies, and television.

13. Automated or more mechanized housekeeping and home maintenance.

14. Extensive and intensive centralization of current and past personal and busi-
ness information in high-speed data processors.

15. Other new and possibly pervasive techniques for survexllance monitoring,
and control of individuals and organizations.

16. Some control of weather and/or climate.

17. Other (permanent or temporary) changes—or experiments—with the over-
all environment.

18. Use of direct electronic communication with and stimulation of the brain.

19. Human hibernation for relatively extensive periods (months to years).

20. Cheap and widely available central war weapons and weapon systems.

21. New and relatively effective counterinsurgency techniques.

22. New techniques for very cheap, convenient, and reliable birth control.

23. New, more varied, and more reliable drugs for control of fatigue, relaxa-
tion, alertness, mood, personality, perceptions, fantasies, and other psycho-
biological states.

24, Capability to choose the sex of unborn children.

25. Improved capability to “change” sex of children and/or adults.

26. Other genetic control and/or influence over “basic constitution.”

27. New techniques and institutions for the education of children.

28. General and substantial increase in life expectancy, postponement of aging,
and limited rejuvenation.

29. Generally acceptable and competitive synthetic foods and beverages.

30. “High quality” medical care for undeveloped areas (e.g., use of medical
aides and technicians, referral hospitals, broad spectrum antibiotics, and
artificial blood plasma).

31. Design and extensive. use of responsive and supercontrolled environments
for private and public use.

32. Physically nonharmful methods of overindulging.

33. Simple techniques for extensive and “permanent” cosmetological changes
(features, “figures,” perhaps even skin color, and physique).

34. More extensive use of transplantation of human organs.

35. Permanent manned satellite and lunar installations—interplanetary travel.

36. Permanent inhabited undersea installations and perhaps even colonies.

37. Automated grocery and department stores.

38. Extensive use of robots and machines “slaved” to humans.

39. New uses of underground “tunnels” for private and public transportation.

Please check the box corresponding
to the time period during which you
feel the adjacent technical innova-
tion will occur.

After completing this month’s ques-
tionnaire, cut out on rule and en-
close it (together with any product
inquiry cards) in the postage-paid
envelope provided by Industrial Re-
search in this issue. m
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36. 0O O | a
37. O O 0 O
38. O d [ O
39. O O O 0
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Prior to Betwee After
1975”1975 and z000 2000 Never

40. O O O | 40. Automated universal (real time) credit, audit and banking systems.

41. O [] [} O 41. Chemical methods for improving memory and learning.

42. 0O 0 O 1 42. Improved chemical control of mental illness and senility.

43, O O O O 43. Mechanical and chemical methods for improving human analytxcal ability
more or less directly.

4. O O [ O 44. New techniques for keeping physically fit and/or acquiring physical skills.

45. OO O O O 45. Recoverable boosters for economic space launching.

46. 0O O O 0 46. Individual flying platforms.

47. O O [} ] 47. Simple inexpensive home video recording and playing.

48. O 0 O 0O 48. Inexpensive high-capacity, worldwide, regional, and local (home and busi-
ness) communication.

49. O O O 1 49. Practical home and business use of “wired” video communication for both
telephone and TV and rapid transmission and reception of facsimiles.

50. 0O | i8] O 50. Shared time computers generally available to home and business.

5. [0O O 0O O 51. Other widespread use of computers for intellectual and professional as-

sistance (translation, teaching, literature search, medical diagnosis, traffic
control, crime detection, computation, design, analysis and to some de-
gree as intellectual collaborator generally).

97. Lifetime immunization against practically all diseases.
98. Substantial lunar or planetary bases or colonies.
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i
1
1
1
i
1
1
1
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1
|
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|
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1
52. O M 0 o 1 52. Very low-cost buildings for home and business use.
53. 0O O 0 0o 1 53. Personal “pagers” (perhaps even two-way pocket phones) and other per-
i sonal electronic equipment for communication.
s4. O O 0 | i 54. Direct broadcasts from satellites to home receivers.
55. O O O O 55. Inexpensive (less than $20), long lasting, very small TV receivers.
56. O [} O [} I 56. Home computers to “run” household.
57. O O | o 1 57. Home education via video and computerized and programmed learning.
58. 0O 0 0 g § 58 Stimulated and planned and perhaps programmed dreams. )
59. O O . o oy 59 Inexpensive (less than one cent a page), rapid high-quality black and
i white reproduction; followed by color and high-detailed photography.
60. O O | a 1 60. Conference TV (both closed circuit and public communication systems).
61. OO O 0 O 61. Flexible penology without necessarily using prisons.
62. [ O ] 0O 1 62. Common use of individual power sources.
63. 0O O O 3 1 63. Inexpensive worldwide transportation of humans and cargo.
64. 0O 0 | 00 1 64. Inexpensive road-free (and facility-free) transportation.
65. O O O 0O g 65 New methods for rapid language teaching.
66. [ O O O 66. Extensive genetic control for plants and animals. ) ]
67. O 0 O | 67. New biological and chemical methods to identify, trace, incapacitate, or
i annoy people for police and military uses.
68. O | a O I 68. Artificial moons and other methods for lighting large areas at night.
69. [ O O 0O 1| 69. Extensive use of “biological processes” in the extraction and processing
1 of minerals. :
70. O O O ] 1 70. “True” artificial intelligence.
7. O O O | 1 71. Practical use of sustained fusion to produce neutrons and/or energy.
72. O O Od O 72. Artificial growth of new limbs and organs (in situ or transplantable).
73. O O 0 | 1 73. Room temperature superconductors.
74. O 0 | OO0 i 74. Major use of rockets for commercial or private transportation.
75. O O O O 1 75. Effective chemical or biological treatment for most mental ilinesses.
76. O O 1 O § 76. Almost complete control of marginal changes in heredity.
77. 0O I O O 1 77. Suspended animation (for years or centuries).
78. O3 | O 0 i 78. Practical materials with nearly “theoretical limit” strength.
79. O d d O 79. Conversion of mammals (humans?) to fluid breathers.
80. O O O O 1 80. Direct input into human memory banks.
8. O I} O ] | 81. Direct augmentation of human mental capacity by the mechanical or elec-
1 trical interconnection of the brain with a computer.
82. [ O O | §} 82. Major rejuvenation and/or significant extension of vigor and life span—
1 say 100 to 150 years.
83. O [ 0 0 i 83. Chemical or biological control of character or intelligence.
84. 0O a O O 84. Automated highways.
85. O O 0 O 1 85 Extensive use of moving sidewalks for local transportation.
8. O [} O 0 1 86. Modification of the solar system.
87. O O O O § 87. Practical laboratory conception and nurturing of animal (human?) foetuses.
83. 0O O O 0O g 88. A technological equivalent of telepathy.
89. 0O O O (] i 89. Some direct control of individual thought processes. ]
90. O Od O O 90. Life expectancy extended to more than 150 years (immortality?).
91. O O O O 1 91. Almost complete genetic control (but still homo sapiens).
92. O O o. O 1 9 Major modification of human species (no longer homo sapiens).
93. 0O O O ] } 93. Antigravity (or practical use of gravity waves).
94. 0O O O O | 94 Interstellar travel
95. O O O O g 95 Practical and routine use of extrasensory phenomena.
9. O O [ [} i 96. Laboratory creation of artificial live plants and animals.
O O O O i
O O O O
1
1
1
1
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NEW PRODUCTS & PROCESSES

etching technique increases
yield of integrated circuits

Further information about the mnew
products and processes in the follow-
ing columns may be obtained by cir-
“cling the appropriate number on in-
quiry card 99. The colored inquiry
cards may be used as a convenient
(and non-superlative) abstract of prod-
wucts, services, and employment op-
portunities offered in this issue. For
fast respemse to inquiries, use the
postage-paid IR envelope provided.

electronics

[1] AN IMPROVED METHOD of etching
narrow, precisely defined isolation
slots in silicon has been developed at
Bell Telephone Laboratories, Murray
Hill, N.J.

The technique allows more beam-
leaded integrated circuits to be fabri-
cated in a silicon slice than possible
with standard etching procedures.

Precise control of the rate and di-
rection of etching is possible, because
a “preferential” etchant attacks the
three main crystal lattice planes of
silicon at different relative rates. The
technique requires the use of a pref-
erential etchant and a unique orienta-
tion of the etching mask on a specific
lattice plane of a silicon crystal.

To take full advantage of the dif-
ference in etch rates, two conditions
are required:

m The face of the silicon disk to be
etched is made parallel to the lattice
planes having a high etch rate.

m The edges of masked areas are
aligned parallel to a second lattice
plane with a negligible etch rate.

Under these conditions, slots are
formed with slanted sides in the shape
of flat-bottomed wedges. Because each
slot steadily becomes narrower (not
wider) as etching progresses, its depth
and width are precisely defined by the
etching mask and etching rate.

Etching terminates when the two
sloping sides of the deepening slot
meet or when it etches through the

- slice—whichever occurs first.

The class of preferential etchants
under investigation at Bell Labora-
tories consists of strongly basic (or
alkaline) solutions. One such etchant
formulated for silicon is comprised of
potassium hydroxide, propanol, and
water.

Masking operations are performed
after the desired devices have been
fabricated on one side of a slice. The
mask delineates the slots for etching.
Because the sides of the slots are sta-
tionary, only relatively simple etching
controls are required.

An. important feature of the Bell
technique is that the mask shape is
altered to compensate for undercutting
at the outside corners of the mask
where the third main lattice plane of
silicon is exposed.

The etch rate of the third plane
can be made much slower than the
primary etching plane, but it still is
significant. Therefore, enlarged corner
areas of calculated size and shape are
added to the etch mask to compensate
for the undercutting at the corners.

Before the improved etchant was
developed, a mixture of hydrofluoric
and. nitric acids often was used to
etch silicon. This mixture and other
etchants used in fabricating integrated
circuits essentially have the same etch
rate in all directions in semiconductor
crystals. Thus, they are “isotropic” or
nonpreferential etchants.

Little danger of over-etching exists
with the Bell method—despite thick-
ness variations in a slice, because the
shape of the slot cut by the new etch-
ant is that of a flat-bottomed wedge
—the sides of which maintain a con-
stant angle (about 55 degrees) from
the top surface of the slice. The slot,
therefore, becomes narrower as etch-
ing progresses.

Circle “1” on card 99 for more
information.

Where the
tax hreaks are.

Free hrochure.

Taxes in New York State are

more favorable to manufacturers
than businessmen realize. Find
out one of the big reasons why
New York is the nation’s leading
industrial state by reading this free
brochure. It tells:

How you can predict New
York taxes. They're stable
because New York’s broad range
of public services is already
established and so are the taxes

to pay for them. New York's
business taxes have risen less than
those of any other state in the

last twenty years.

How you can save on per-
sonal-property taxes. There
are no personal-property taxes

in New York State. No tax on
machinery, inventory and equipment.
How you can write off many
depreciable assets at a rate twice
as fast as that now allowed by

the federal government.

How you can write off new
research and development facilities
in one year.

Werite today on your letterhead
for a free copy of "Tax Advan-
tages for Business’ to Commis-
sioner Ronald B. Peterson, Room
928, New York State Dept. of Com-
merce, 112 State St., Albany, N.Y.
12207. Or call (518) 474-4100.

Or, if you prefer, contact us
through any reliable third party.

New York State Department

of Commerce
See inquiry card 99a.
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Y. g ‘surfactants, “Ucon” aerosol propel-

" "SHATTERPROO _,ABWARE
... from Nalge is available inr & full line
of beakers and graduates. Made from
TPX (methylpentene polymer), the lab-
ware is as clear as glass.” Autoclave it
for hundreds of eycles and expect the §
strength and rigidity of polypropylene. §&
Return this card for literaturé : 2 -

CHEMICALS FOR DETERGENTS
- and household specialty products help
your- formuldtions perform. “Tergitol”

lants, silicones, “Ucane” alkylate, and
more than 400 organic chemicals can be
delivered as specified from Unien Car-
" bide. Return this ecard for details.

. E see page 2

re. KR :
: seepage4 g

" ‘name

. name

position position

company ’company.

address address

city state zip code city o T State ~zipcode
Application: [J immediate . [] Future Application: . [] Immedijate’ [].Future
remarks - 1sR " Pat.Pend. Jan 683 rémarks k f-kR Pkat.’Penrd‘ Jan 68

LAMP SYSTEMS B GO MICRO T IRTE :
...tailored to specific- needs are pro- .. . with - precision -optics systems: pro-
duced by PEK Inc. Systems can be cus- - [ duced by Olympus Corp. of America.:
tom-engineered for applications ranging. #& Featured capability is in metallographic:
from precision laser pulsing to multiple: equipment. See advertisement-for system: &
flash lamp triggering and pulsed or con- charactéristics, then check and return . [
tinuous aie lamp operation. Return this this card for: details on the OO MGK; LI

card for further details. MG; 0 PMD; or O PME system(s):
, ) . seepage@

see.page §

name name -
. position position
company company

address

" address

city : state zip code

. City. - ‘state Zip code
_ Application: [ tmmediate [J Future

Application: [J Immediate [ Future

1R Pat. Pend, - Jan-68  #48 :  remarks 1°RPat, Pend. Jan 68 |8

. 7 remarks

 SPECTROPHOTOMETER .
#ofofrom Cary -Instruments follows
' “tradition “of dependability, simplicit

B and versatility - established - by forme
Cary models; yet has greater variety of .|
attachments. ‘Absorbance’is 0.002" near
zero-and 0.0005 at expanded scale. Re

- turn card for additional information. .
: ; se pages 3

NEED A BROCHURE? . - o
....The Industrial. Research Technical
Brochure Service may be able to help [
.you, The I-R: staff conceives, gathers
data, writes, edits, designs, illustrates,.
“and supervises the typesetting and print-
ing of technical product; capability, re-
- eruitment, and other literature. En
ER e ; ksee,page7

name

;. position

has an {
. data about.[l.lock-in amplifiers; O wax
~form- averagers, or [l correlation func-.
tion computers; or E.to arrange-a dem--
. onstration; check and return i

SESe pagéio;

ification range from 14X to 50,000
O} Sample scan of 5 x 5 mm area at 20X ;-
& I;nterghanggable final apertures. Re-

turn:this eard for'mpr details.

name: name

position. position:. .

company: company:

address address

city.
Application:

state
O Immediate [J Future

zip:.code:

state .. Zip.code:

city. . -
[0 Immediate - [T Future

kAppIicat'ion:

remarks |*R" Pat. Pend. Jan68

remarks

teR - Pat. Pend. .- Jan 68

~ Industrial Filter Div,,

process equipment

[2] INDUCTION PLASMA air heater for
producing high-temperature, low-ve-
locity hot gas streams has been de-
veloped by Tafa Div.,, Humphreys
Corp., Concord, N.H. The heater
finds primary applications in quartz
working as shown in the photograph
above. Plasmas as large as 15 cm in
diameter have been produced at ve-
locities near 12 m/sec. The velocity
range is lower than a conventional
oxygen flame and, therefore, does not
disturb molten surfaces in the areas
being melted. The same plasma gen-
erators were used to grow OH-free
clear quartz ingots for fabricating in-
frared transmitting lenses and win-
dows. Circle “2° on card 99 for
literature.

{31 HEAT-TREAT and quench processing
line in a compact package unit is
being offered for the first time by
Pereny Equipment Co., Columbus,
Ohio. The Model PT-2030 consists of
an open loading apron upon which
alloy baskets may be filled with parts
to be treated; a silicon carbide ele-
ment-type heat-treating furnace with a
roll-back insulated cover; a recircu-
lating auench tank; and drip pan with
drain. To facilitate one-man operation,
a traveling, electrically operated chain
hoist with remote hand control is pro-
vided. Pereny reports the unit assures
ease and efficiency in carborizing and
quenching not only relatively large or
long parts but small miscellaneous
parts in alloy baskets. Circle “3” on
card 99 for more information.

[4] Liquip FILTERS and separator/ fil-
ters are available from Fram Corp.,
Tulsa, Okla.
The separator/filters remove essenti-
ally all solids and 100% of all free
or entrained water, even from prod-
ucts treated with corrosion inhibitors
forming tight emulsions. The degree
of required removal can be specified.
Circle “4” on card 99 for free bul-
letins covering both product lines.
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ME TARZAN!
and so’s the entire Atlas line of
explosive-actuated components.

These small but mighty units con-
vert ele trical, mechanical or
pneumatic energy into a powerful
mechanical force.

The controlled, contained explo-
sions of actuators, cutters, switches
and drogue guns initiate action.
They move, open, close or cut
reliably, every time, on time.

Designed for one-shot applica-
tions, they save critical space and
weight in one time performance
systems.

Send for technical literature giv-
ing specifications and data on the
complete Atlas line.

QATLAS

CHEMICAL INDUSTRIES, INC.
Aerospace Components Division
Valley Forge, Pa. 19481
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COMPUTER KNOWLEDGE

...is available from Digital Equipment
Corp. Experience in designing and build-
ing computers for a variety of applica-
tiong is offered in either written or
spoken form. Lecturers, books, papers,
and primers are available. Return this
card for complete details. ’

see page 12

name

position

company

address

state
O Immediate [J Future

city
Application:

zip code

remarks - I*R Pat. Pend. Jan 68

SPECIAL SUPPLEMENTS )

..are being bound into the regular
monthly issues of Industrial Research.
Check your interest below and return
this card to receive a verification form
for the supplement of your .choice. O
Vacuum & Cryogenics (monthly), ] Nu-
clear, and O Lasers (both bimonthly),

see page 25b

name

position

company

LASER COMPONENTS
...from Laser Optics Inc: enable you.
to improve CW and pulsed laser output.
Super-smooth surfaces are characteris-
tic of all optical components from Laser
Optics Inc. Special optical requirements
also can be met. Return this card for
descriptive literature.

see page 25 a

name

position

company

address

city state zip code

Application: [] Immediate [] Future

remarks IR Pat. Pend. Jan 68

COMSAT EMPLOYMENT

. ..opportunities - are- blossoming with
the construction of “the new Comsat
Laboratories near Washington, D.C. Are
you interested in OO RF transmission, &
Communications processing, Space-
craft, [1 Physics, or O Systems research?
Check your interest and return this card.

see page 27

name

present position

primary experience

address

home address

state

city zip code

V city

state zip code

remarks

{*R Pat. Pend. Jan 68
NEBULIZER,

...made by Macrosonics Corp. uses
high-frequency ultrasonic energy to dis-
perse fine liquid particles into a gas.
Aerosols in the 0.4 to 10-micron range
can be generated: The “Ultramist II1” is

~ portable, and uses 115 V current. Re-
turn this card for further details.

see page 283

name

position

company

address

city state

. Zip code
Application: [] immediate [J Future

remarks IR Pat. Pend. Jan €8

EXPLOSIVE-ACTUATED

... components from Atlas Chemical In-
dustries Inc. convert electrical, mechan-
ical, or pneumatic energy into powerful
mechanical forces, Small but mighty, the
units save critical space and weight in
one-time performance systems. Return
this card for literature.

T

remarks l-ﬁ Pat. Pend. Jan 68

OSCILLOSCOPE CAMERA

... from the Coleman Engineering Co.
affords ready change of recording ratio
without use of additional lenses. The
MIIA Oscillotron records at any object-
to-image ratio from 1:1 to 1:0.5, and
can be used with standard 4 x 5 camera
backs. Return this card for catalog.

see page 28b ,:;:

name
pdsition

company

address

city state zip codé .
Application: [J Immediate [J Future

remarks 1R Pat. Pend. Jan 68
" ALBUQUERQUE

... Sunshine. No crowds. No smog. You
can golf and ski on the same winter day.
Two. universities, symphony, opera, and
much more in New Mexico. Return this
card to learn more about Albuquerque
from the Albuquerque Industrial Devel-
opment Service.

see page 29
name name
position position
company company
address address
city state zip code city : state zip code
Application: [J Immediate [ Future
remarks IR Pat. Pend. Jan €8

remarks IsR Pat. Pend. Jan 68



Brush Instru-~
er. There’s the
1 systems plus
and general

ompléte line of
Instruments.

see page 32 E

zip code:

R Pat Pend. Jan 68

“state: zip chef

0 lmmediat'e D Future

. remarks. e Pat. Pend. Janed. B

MICROSCOPEQ CATA LOG

;Apphcatu‘)n [} Immed te E]

remarks

‘i position’

-company

addréss

c-ty : .
Appllcatlon [} Immediate: {1 Futu

rema]rksw o

position -

company

" address

city

o remarks

1advantages to b
¥ and control systems. THe “Tilt-a-
and. “Mark-T" are-just.a part of the

inelusive line of enclosures madeby
Return thls card for llteratura

name:-

position

.- company’

. addrgss

. state zip.code
{j lmmed;ate D Future :

city-. .. state. zip'code

Application: [] Immediate [] Futur

: I-R Fat. Pend. Jan 68

remarks

lab apparatus

[5]1 CoLor-copep PIPE for industrial
and research applications has been
announced by Fibercast Co., Sand
Springs, Okla. The five new grades
include black BL-20235 epoxy pipe for
corrosive conditions to 95 C; white
CL-2025 reinforced vinyl ester type
for carrying chlorine-caustic and oxi-
dizing acids at elevated temperatures
where epoxy pipe is not suitable; olive
green OG-2025 epoxy pipe for han-
diing a broad range of corrosive chem-
icals at temperatures to 120 C; rust
brown RB-2530 epoxy pipe for severe
corrosive combinations at temperatures
to 150 C; and gray GR-3040 epoxy
pipe for vacuum systems and severe
corrosive conditions at temperatures
to 150 C. Fibercast meets specifica-
tions previously filled only by expen-
sive and exotic metals. Circle “5” on
card 99 for details.

[6] METABOLIC WEIGHING system,
shown above, has been developed by
Brookline Instrument Co., White
Plains, N.Y., for continuous weight
monitoring of animals. Total body
weight is measured to the nearest
gram. Fluid balance can be monitored
over an extended period, while evapo-
rative heat loss can be measured in
calories/hour. Cage weight may be
zeroed out so that the weight of the
subject always is recorded. Movements
of the animals will not affect readings.
The Model 80-A is designed for ani-
mals weighing up to 11 kg, while the
Model 100-A, with an upper-limit ex-
tension of 200 kg, accommodates
larger animals. Circle “6” on card 99
for details.

[71 RECORDING VISCOMETER from
Fann Instrument Corp., Houston, is a
versatile instrument for handling fluids
ranging from very low to high viscos-
ities. A new torque sensing mechan-
ism in the Model 39 permits viscosities
to be measured from one to several
thousand centipoises without having to
change any of the components. In-
finitely variable speeds will hold con-
stant at any setting between 3 and
600 rpm. Circle “77 on card 99 for
literature.
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INVERTED PIT FURNACE
...expressly developed for work where

the material requires careful loading.

procedures and close thermal gradients
at temperatures to 2750 F is available
from Pereny Equipment Co. The unit
includes a motorized elevating hearth.
"~ Return this card for more details.

see page 3Qh

name

position

i-company

state zip code
{7 immediate {7] Future
[*R Pat, Pend.

ANNING MONOGCHROMATOR

basic module of a new series of systems

this card for data sheets.

see page 41

Jan 68

the Heath “700” priced at $1,195 is

- from Heath Co. Other modules coming
this year inelude UV-VIS source, sam-

e-cell, photomultiplier, log-linear cur-
rent, and photographic modules. Return

‘position

company

state

Gy
% Application: [] Immediate [ Future

. remarks I*R  Pat. Pend.

e

~ELECTRIC SWITCHES

Corp. are available in two new models:

'O Snap/Reed B-66 combining reed reli-
“ability with snap switch utility and O
" Matrix Selector Switch with 100 to 2,780

- switching positions. Check your need(s)
~and return this card for data.

see page 443 X

zip code

Jan 68

.y from . Cherry Electrical Products

. name

*position

. company

address

state
O Future

city-

. Application: [ lmmediate

zip code

o remarks I*R Pat. Pend.

MASSACHUSETTS
«.:'«the site chosen by Texas Instruments
for ‘its manufacturing facilities, offers
industry a cooperative work force, many
sc¢hools, and research complexes. Return
this card to learn more about Massachu-
setts from the Massachusetts Dept. of
Commerce & Development.

. : see page 46

name

position

campany

address

city state zip code

remarks tsR  Pat. Pend. Jan 68

-

Jan 68

FLAT-FIELD MICROSCOPES
... from Bausch & Lomb offer flat, edge-
to-edge images at prices competitive
with conventional, achromatic systems.
Check your interest(s) and return this
card for O a laboratory microscope bro-
chure and index reproduction or 0] a
demonstration.

see page 39

city

name

position

company

address

state
[0 Immediate [J Future

zip code
Application:

remarks {*R Pat, Pend. Jan 68

METAL FRAMING
... from Unistrut Corp. saves time three
ways: designing, construction, and
after. Experiments, set-ups, benches,
mechanical . and electrical equipment,
walls, floors, ceilings-—all can be sup-
ported with Unistrut metal framing. Re-
turn this card for a free catalog.

see page 42

e

OPTICAL WINDOWS

...of ceramic-to-sapphire can endure ...

1200 C for several hundred hours, and
can withstand repeated temperature cy-
cling. Ceramie-to-metal and ceramic-to-
sapphire technology has been a specialty
at EIMAC Div. of Varian for 138 years.
Return this card for more information.

see page 40

name

position

company

address

state
O !mmediate [ Future

city
Application:

2ip code

remarks leR Pat. Pend., Jan 68

RADIATION SIMULATORS
...are available in five models from
Physics International Co. A gamma dose
rate of 10" rads/sec or electron energy
of 600 joules in 20-n-sec, for example,
are produced by the smallest “Pulserad
310” simulator. Return this card for
descriptive literature.

: . see page 43

name

position

company

address

state
O immediate [] Future

city
Application:

zip code

remarks i*R Pat. Pend. Jan 68

YOUR HEATING SYSTEM
... can be built with Lindberg Hevi-Duty
building blocks of heat. Flexible low-cost
elements that can be assembled in count-
less ways have excellent capacity, high
watt density, and can be controlled man-
unally or automatically. Return this card
for further information.

see page 44b

e

name

position

company

address

city state zip code

Application: [] Immediate [J Future

remarks IR Pat. Pend. Jan 68

VACUUM INSTRUMENTS
...from Norton, Vacuum Equipment
Div., covers an inclusive range of ad-
vanced designed units—opriced down to
half the cost of other equipment. Return
this card for a complete price list and
performance literature on the new NRC
800 Series of vacuum instruments,

see page 45

[*R  Pat. Pend,

PHOTO STUDIO IN YOUR LAB

remarks leR Pat. Pend. Jan 68

NULL DETECTOR

name name
positiop L position

company company

address B address

city state zip code city state Zip code
Application: [J Immediate [J Future B Application: [J Immediate ] Future
remarks Jan 68

... fits on a desk top. The Polaroid MP-3
industrial view Land camera produces
black and white prints in 15 seconds,
full-color prints in 60 seconds, prints and
negatives in 20 seconds, and continuous
tone slides in two minutes. Return this
card to receive more information.

see page 47

name

position

company

address

state
[J Immediate (7] Future

city
Application:

zip code

remarks I*R  Pat. Pend. Jan 68

...from Leeds. & Northrup Co. enables
you to utilize the full potential of your
highest precision potentiometers and
bridges. Sensitivity of the Model 9838
guarded nanovolt null detector is 0.005
nanovolts. Return this card for more

information.
see page 48

name

position

company

address

state zip code

O Immediate [J Future

city
Application:

remarks IsR  Pat. Pend. Jan 68




PHYSICS LITERATURE
... about products described in the “Ad-
vance Conference Report” is available
from manufacturers who will exhibit at
the American Physical Society Meeting.
Circle for details.

1 2 3 4 5 6 7 8 9
10 11 12 13 14 15 16 17 18

see page 49

name

‘position

company

address

state zip code

city

remarks IR Pat. Pend. Jan 68

ONE MEV IN SIX NANOSECONDS
., at about two cents a volt may be ob-
tained in Ion Physics’ FX-15-8, a small
system for pulse radiolysis, biomedical
research, radiation effects studies, and
flash radiography. The system converts
from electrons to x-rays in less than 30
minutes. Return this card for details.

see page 52

name

position

company

address

city state zip code
Application: [J Immediate [J Future

remarks f*R Pat. Pend. Jané8

SPECIAL PAPER NEEDS
...can be answered by Appleton Coated
Paper Co. A variety of technical or
printing and decorative papers are read-
ily available, including: electrophoto-
graphic, gumming, image master, mag-
netic recording, labels, lithos, tags, and
bristol-covers. Return card for details.

‘see page 55

name

present position

primary experience

home address

city state
Application: [J Immediate [J] Future

zip code

remarks 1*R Pat. Pend. Jan 68

R

VISUAL CONTROL BOARDS
...from Rol-a-chart never run out of
space. Schedule orders, production, men,
machines, projects, and EDP. Color bro-
chure shows 7 sizes—includes free Plan-
ning Kit with sample chart section to try
and a new 16-page Guide to Visual Con-
trol. Return this card for your free kit.

see page 65 -

name

position

company

address

state
[0 immediate [J Future

city zip code

Application:

remarks J*R  Pat. Pend. Jan 68

CLEAN THERMOCOUPLES

...with “Airbrasive” from S. S. White.
Cleaning cut-off ends of thermocouple
assemblies used to take several minutes.
Airbrasive’s jet of finely graded abra-
sive particles does it in two seconds.
Check and return this card for O more
information and/or O a demonstration.

see page 50

name

position

high resolution, new convenience, and a

STEREO MICROSCOPE
...Tfrom AQ Instrument Co. gives you

wide magnification range from 3.5 to 210
X—with a choice of five, interchange-
able, rotatable zoom power bodies. Re-
turn this card to learn more about the
“StereoStar/Zoom.”

see page 5 1

name

position

company

company

address

state
{J Immediate [J Future

city
Application:

zip code

remarks IR Pat. Pend. Jan 68

TUBE FITTINGS
...from Crawford Fitting Co. are avail-
able in any machineable metal or plastic
in sizes ranging from 1/16-in. through
1-in. OD. Return this card to learn more
about the size ranges, materials, and
delivery of “Swagelok” fittings from
Crawford Fitting Co. .

see page 53

name

position

company

address

state
3 immediate [J Future

city
Application:

zip code

remarks IR Pat. Pend. Jan 68

TEMPERATURE CONTROLLERS
...are a specialty at Alnor Instrument
Co. Check your interest(s) below and re-
turn this card for O a free copy of the
brochure, “How Alnor Temperature
Controllers Make Good Machines Per-
form Better,” and/or U0 a demonstration
of Alnor reliability.

see page 57

address

state
[0 !mmediate [J Future

city zip code

Application:

remarks jeR Pat. Pend. Jan 68

panmamigy mpy " ==

THERMOCOUPLE WELDER
...from Dynatech Corp. can weld wires
ranging from 20 to 55 gage to form ther-
mocouples with less than 0.01 C varia-
tion from each other. Return this card
for more information about the 0 “Model .
116 SRL” and/or O other portable weld-
ing units from Dynatech Corp.

see page 54 :

name

position

company

address

city state zip code
Application: [J Immediate {J Future -

I*R Pat. Pend. Jan 68

remarks

VACUUM PUMPS
...from Kinney Vacuwm make clean
vacuums from dirty environments. The
“Liquid Jet” pumps handle large quan-
tities of water vapor or solvents, even
slugs of liquid. They are unharmed by
dust or grit. Only one moving part. Re-
turn this ¢ard for descriptive literature.

see page 58 .

... balancer from Sartorius Div., Brink-
man Instruments, has 160 g capacity
with 1 mg accuracy and all-digital read-
out. The Sartorius 2255 has no discern-
able swing and large optical scale makes
reading easy. Return this card to re-
ceive your copy of a 40-page catalog.

see page 80

name

position

company

address

state
O immediate [J Future

city zip code

Application:

remarks IsR Pat. Pend. Jan 68

name name

position position

company company

address address

c_ity state 2ip code city state zip code
Application: [ Immediate [J Future Application: [] Immediate [] Future
remarks IR Pat. Pend. Jan 68 remarks leR Pat. Pend. Jan 68
TOP-LOADING PHOTOMICROGRAPHS

...can be taken automatically with the
Nikon AFM. There no longer is a need to
measure, calculate, and time each photo-
micrographic exposure. With ity light
sensor and computer-control unit, the
AFM does it for you. Return this card

for literature.
see page @9

name

position

company

address

state
[ Immediate [ Future

city zip code

Application:

remarks 1*R  Pat. Pend. Jan 68




Catch 1 ps
voltage peaks.

To pinpoint
transients foul-
ing up your cir-
cuits, or to
monitor peaks
in testing and
research.

Great. But how?

With PEAK LOK. It measures
positive, negative or bipolar peaks
with 1% full scale accuracy, holds
its reading in an analog state until
it's reset. Use it to measure phys-
ical parameters in environmental
tests, record surges in power lines
and supplies, detect overload tran-
sients in electronic and electrical
systems . . . everywhere precise
determination of voltage peaks
can help solve a problem. It has
an output for data logging, can be
remotely reset, has nine ranges
from 0.1 to 1000v full scale, and
can go up to 30 kv with a high
voltage probe. When you're not
catching transients, use PEAK
LOK as a sensitive DC voltmeter,
to measure that hard to get to
voltage with a quick touch of the
probe.

For complete
] specifications

write to PEAK LOK Sales,
Dept.236 , Analog-Digital
Systems Division,

Control Data Corporation,
4455 Eastgate Malil,

La Jolla, California 92037.
ﬁ Or phone 714/453-2500.

CONTROL DATA

CORPORATION

k 4455 Eastgate Mail, La Jola, Calif.
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£] PRESSURE COUNTERS

B} ...from Ruska Instrument Corp. are
priced from $995. Featured are a fused
quartz bourdon tube, digital display
counter, pressures to 1,000 psi, and re-
' chargeable battery pack for field opera-
tion. Accuracy is 0.025% fs, resolution
0.01% fs. Return this card for details.

INVERTED MICROSCOPE
...specifically for tissue culture and
and other biological studies is available”
from Wild Heerbrugg. The Wild M-40
is no modification. It features state-of-.:
the-art design in inverted microscope.”
construction. Return this card to learn
more about the Wild M-40. :

Application: [] Immediate [ Future

see page 83 see page 84a
name name
position position
cdmpany company
address address
city state zip code city state zip code

Application: [J Immediate [] Future

rerﬁarks I*R Pat. Pend. Jan 68

AUTOMATIC ‘LABWASHER’
...is ready for use when you attach a
quick disconnect coupling, with universal
adapter, to any water tap. Plug in the
three-wire, eight-foot cord and your lab
is equipped for automated glassware
washing. Return this card for a free
bulletin from Chemical Rubber Co.

see page 84b

remarks i*R Pat. Pend. Jan 68

THYRATRON POWER CONTROL
...for automatic or manual operation
now is incorporated in Lepel generators
at no additional cost. The Lepel T-660
is a versatile, all solid-state electronic"
power control. Return this card for
more information from Lepel High Fre-
quency Laboratories Inc. Ci

see page Q&

name

name

position

company

address

city state
Application: [J Immediate [J] Future

zip code

remarks IR Pat. Pend. Jan 68

300-PRODUCT CATALOG
...of refractories and cermets from
Consolidated Astronautics features de-
seriptions which include borides, car-
bides, nitrides, and silicides of the re-
fractory metals. Metallic powders and
superalloys in powder form also are
available. Return card for your copy.

see page 863

name

position

company

address

city state
Application: [J immediate [J Future

" zip code

remarks

1R Pat. Pend. Jan 68

‘PEAK LOK’
...from Control Data Corp. measures
1% full-scale efficiency, then holds the
reading in an analog state until you re-
set it. Pinpoints transients, monitors

peaks for testing and research. Return
this card for details.

name

position’

company

address

q city state zip code

Application: [J Immediate [ Future

remarks I*R  Pat. Pend. Jan 68

ELECTRONIC MATHEMATICIAN =

positive, negative; or bipolar peaks with.

position

company

address

city state Zip code

Application: [J Immediate [ Future

remarks

IsR . Pat. Pend. Jan 68

...lets you key in equations exactly as
you would write them. “Mathatron’ by
Wright Line prints the equation and -
golution almost instantly. Provided are
parenthecation, powers of 10 exponents,
decimal points, and square root. Return
this card for data.

see page 86b
name :
position
company
‘address
city state zip codé :

Application: [J Immediate [J Future

remarks

IsR Pat. Pend. Jan 68

ALL-PURPOSE TIMERS
...from Dimco-Gray Co. are easy to. -
read and set. A large 8-in. dial may be
set for any time within a range of 3,600
settings. At the end of the pre-set inter-
val, an dlarm sounds and the external
load is switched automatically on or off,
Return this card for free catalog.

see page 873 S :

name

position

company

address

city state zip code
Application: [J Immediate [J Future
remark; {*R  Pat. Pend. Jan68

o i R




'SCIENTIFIC PRODUCTS

...for Hobbyists, experimenters, and

manufacturers: are available from Ed-
wind Scientific Co. See page 87b, check
your. interest(s), and return this card for
details on [ water “still,” [T modeling
plastic; [ thermoelectric cooling system,

d/or U free 148-page catalog.

see page'87b
name
: pbsftion
t;qm pany
state zip code

[] immediate [J Future

feR Pat, Pepd. Ja_nGB

ABORATORY EQUIPMENT
et “KemMetal” is  experience-de-
signed to serve every scientific need. It
is engineered to take abuse and its com-
“ponents combine to fit each other and the
Taboratory surroundings. Return card
for a free copy of Kewaunee Mfg. Co.’s
metal laboratory furniture catalog.

see page 87d
name
position
company
: adkdress
ety state zip code

Application: [J Immediate [J Future

- remarks

“TEMPERATURE FACT FILE
“u. . features cabinets from 1.5 to 24 cu £t
“with pulldowns from ambient to —140
“F. Reveo. cabinets are used the world
: gver- for industrial, medical, and scien-
" tific research projects. Return this card
or your free fact folder, “Revco Ultra
w- Temperature Equipment.”

e see page 893

- state zip code
tion: ] immediate [J Future

RANSFER LETTERING
from: Chart-Pak Inc. offers a quick
' easy source for camera-ready copy.
More than 70 popular type faces are now
" -available- in a wide range of sizes. Re-
urn: this card to receive a kit of free
~samples and a catalog that lists other

graphic aids offered. - .
- see page 890

g Kl
- centrated heat blast up to. 1000 F - with

position

IR MICROSCOPE

- gerous targets. Offered by Barnes En-.

IR Pat. Pend. Jan 68

 ...of premium metals or ceramics to.

"R Pai.Pend. Janté M

" PORTABLE VISCOMETER

features eight speeds, seve

€.

out flame—is available from Master Ap
pliance Corp. Temperaturé can be var
ied by air intake adjustments.: There:
also is a blower for heated. air up to"
750 F. Return this card for details.”.. °

, S

name

company

address

city state . zipkcodel
Application: [J immediate [J Future W

remarks I*R. Pat. Pend. J'an,sa}‘

. ..enables temperature measurement on
very small, inaccessible, delicate, or dan-:

gineering Co., the unit will take the tem-
perature you need from any angle, with-
out touching the target or altering its -

state. Return eard for bulletin:

see pag'ev88:

name

position

company

address

city state
Application: [J Immediate [] Future

zip code

remarks I*R Pat. Pend. Jan 68

FLAME SPRAYED COATINGS -

base materials result in products.with
longer service life and lower production
costs. A free bulletin, “The Metco Flame
Spraying Processes” describes the latest
developments in flame spraying. Return
this card for your copy.. ~.iiilirionnes
e goh

name

position

company

address

city T state
Application: [] Immediate [J Future

remarks TR Pat. Pend. Jan68

....from Brookfield Engine

and 56 measuring ranges. Yo
readings ' from one:to-64-million. cen
poises. - The Brookfield instrument:
accurate to. =19 of full'scal
this card for the latest catalog.

sevase 8O

name

position

company

address

city*‘ state

g : .zip code
Application: [J.immediate [J Future

city state - . zip code
Application: [J Immediate . [] Future.. . ..

“[sR Pat. Pend.  Jan 68

remarks 1sR Pat. Pend. Jan

measuring & testing

[8] TORQUE TRANSMITTER from Indus-
trial Electronetics Corp., Melbourne,
Fla., adapts directly to most torque
transducers — eliminating slip ring
noise and brush wear problems. The
radio telemeter, designed to replace
slip rings on existing torque cells, in-
cludes a battery power supply, fre-
quency modulated subcarrier oscilla-
tor, and a miniature radio transmitter.
The torque transmitter produces a full
scale output of =2 volts with an input
+250 micro strain when used with
IEC’s telemetry receivers. Data band-
widths from 500 to 3,000 Hz are
available. All units are capable of han-
dling both static and dynamic strains.
Temperature range is —40 to 175 C.
The transmitter can tolerate immer-
sion in water, oil, and most industrial
solvents, in addition to acceleration to
over 20,000 g’s. Circle “8” on card
99 for more information.

[9] SILICON PLANAR TRANSDUCER from
Stow Laboratories Inc., Stow, Mass.,
is billed as the world’s most sensitive
pressure transducer. The Model PT-2
“Pitran” has its emitter-base junction
mechanically coupled to a diaphragm
located in the top of a TO-46 can.
When a pressure or point of force is
applied to the diaphragm, a large, re-
versible change is produced in the
transistor’s characteristics. A linear
output range of at least 2 V can be
achieved without external amplifica-
tion. Conversion efficiency (electrical
energy out/mechanical energy in) is
said to be four orders of magnitude
higher than that of conventional trans-
ducers. Sensitivity is 4 V/g point force.
Circle “9” on card 99 for literature.

[10] Tack TesTeErR from Thwing-Al-
bert Instrument Co., Physical Testing
Div., Philadelphia, provides a profile
of the rate of cohesion development
in a layer of fluid adhesives between
two substrates. Two flexible substrates
or a combination of one flexible and
one rigid substrate can be tested. Open
time is controlled by an electric timer
from 0.7 sec to 2 min and closed time
from 1.2 sec to 2 min. Circle “10” on
card 99 for literature.

[11] TORQUE MEASURING transducer
from Vibrac Corp., Chelmsford, Mass.,
uses a lamp-photocell and segmented
discs instead of conventional strain
gage elements and differential trans-
former techniques to measure mechan-
ical torque. The new transducer, Vi-
brac explains, embodies the key ad-
vantages of existing torque transduc-
ers without incurring the defects of
either technique. Owing to its con-
ceptual simplicity that eliminates elec-
tronics and other complexities, the
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BARGAIN!

YOU COULD SPEND $500 MORE
AND NOT BEAT THE
PERFORMANCE OF THIS
NEW SOLID-STATE
PROPORTIONING
CONTROL

All-new POWER-O-MATIC 70™ Solid-
State Proportioning Control System
brings extremely accurate, infinitely
proportional straight-line performance
to relatively low cost laboratory equip-
ment. Now laboratory personnel can
select equipment with truly remarkable
performance capabilities at a price
competitive with on-off controls.

Compact and extremely simple, POW-
ER-O-MATIC 70 has a range from 0°C.
to +300°C. It provides control toler-
ance of = 0.2°C. with extremely fast
response. Features such as ambient
temperature compensation and line
voltage compensation are built in. Per-
formance is such as you might expect
only from expensive instrumentation
costing hundreds of dollars more.

POWER-O-MATIC 70 is being applied
to a number of standard Blue M cabi-
nets, and is the latest step towards
providing fully proportional control on
all Blue M equipment. It is not sold
separately, it is not purchased Afrom
others and added to Blue M cabinets.
Every POWER-O-MATIC 70 unit is a
matched, integrated system--not an
assortment of controls, components and
chambers from different suppliers.

If you're on the marlget f;gr e_i”tempera-
ture controlled chamber, it will pay you
to investigate the new POWER-O-MAT-
IC 70 chambers. Write for new,h fully
illustrated brochure . . . see wny we
say that the POWER-O-MATIC 70 Con-
trol has no rival for economy and per-

. address

SOLUBLE SILICATE DATA

...1is available from Philadelphia Quartz
Co. See page 90; note your interests on
the remarks line below; or fill out the
PQ coupon to receive the literature of
your choice. A postage-free IR envelope
in this section is provided for your con-

venience.

see page 9,0

name

position

company

city state
Application: [J immediate [J Future

2ip code

remarks IR Pat. Pend.

Jan 68

ENGINEERED OVEN

...from Despatch Oven Co. has an op-
erating range of 650 F, solid-state con-
trols, and a sensitivity of 0.5 F for pre-
cise control in laboratories, testing, pro-
duetion, and research. Return this card
for a free bulletin describing the new

“Lad1-42-H.”
see page 9 1 b

name

position

company

address

city
Application:

state
J Immediate [ Future

zip code

remarks IR Pat. Pend.

Jan 68

...provides an introduction to the use,
development, and practical applications
of the laser. Special appendices cover
health hazards, Raman scattering, and
development of special lasers. Offered
by Pergamon Press. Use this card to re-
ceive more information.

see page 9 1 d

name

position

company

address

city

Zip code

remarks {*R Pat. Pend.

Jan 68

... the “Power-O-Matic 70” from Blue
M Electric Co. has a range from zero C
to +300 C—provides a control tolerance
of +0.2 C. Features, such as ambient
temperature and line voltage compensa-
tion, are built-in. Return this card for a
descriptive brochure.

formance. Send for your copy now. name
. M position
ﬁ B L u E company
BLUE M W Ww . address
Corporate Headquarters: BLUE ISLAND, ILLINOIS 60406 Sty Sate 7ip code
Application: [J Immediate [J Future '
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I*R Pat. Pend. Jan 68

s s A

INERT GAS MIXER

... from Modern Engineering Co. allows
you to mix two, three, four, or more
gases with 1009 mix-accuracy. The
mixer gives a positive, homogeneols
mixture, even with a wide variation of
densities or ratios of flow. Return this
card for an illustrated bulletin.

see page 9 1 a
name
position
company
address
city state zip code

Application: [ Immediate ] Future

remarks |*R Pat. Pend. Jan 68

...with the new “Maximat 7’ from
American Edelstaal Ine. The machine
combines a lathe, vertical mill, and drill-
ing press in one compact unit selling for
$595. Ten models are available for lab or
shop. Return this card for a detailed
catalog from American Edelstaal Inec. -

see page 9 1 c
name
position
company
address
city state zip code

Application: [J Immediate [ Future

remarks IR Pat. Pend. Jan 68

ROLLED METAL

...1is the specialty of H. Cross Co. Tung-
sten and molybdenum rolling can be done
within tolerances of +0.0001 inch for all
thicknesses. Other metals and alloys can
be held to +0.00005 inch. Custom orders
can also be accommodated. Return this
card for details. .

see page 9za
name
position
company
address
city state zip code
remal;ks IR Pat. Pend. Jan 68

...against contamination by harmful
chemicals is offered by the Haws Drink-
ing Faucet Co. Emergency drench show-
ers and eye/face washing fountains
quickly cleanse chemicals, radioactive
material, and foreign matter from per-
sonnel. Return this card for catalog.

see page 92b

name
" position

company

address

city state zip code-
Application: [ Immediate [] Future
remarks {eR Pat. Pend. Jan 68




unit, shown above, costs less than
strain gage or differential transformer
types. Price of the complete trans-
ducer set is $745. Conventional torque
measuring sets usually cost twice the
price. The instrument provides a zero
to 8,000 rpm speed range or zero to
20,000 rpm with special bearings. The
Model TQ finds applications in check-
ing motors for accelerating torque,
running torque, and “pullout” torque,
checking magnetic brakes and clutches
for current-versus-torque performance,
and measuring viscosity in the chem-
ical and related industries. Circle “11”
on card 99 for more information.

[12] POTENTIOMETRIC RECORDERS can
be converted into universal tempera-
ture systems by adding “T into V”
probes and modules from Atkins Tech-
nical Inc., Gainesville, Fla. In use,
operators set the temperature start
point digitally at any temperature be-
tween —100 and 200 C. Then the de-
sired span to be covered above the
start point is set. Spans can be 100, 50,
20, 10, or 5 C. When the probe tem-
perature rises through “start point”
temperature, a linear mV output is
generated over the set span. Output
to the recorder is zero to 1, 10, 50,
or 100 mV, rear-panel setting to match
user’s recording capabilities. A second
output is provided by the module for
connection to any digital voltmeter for
direct digital display of the tempera-
ture. Circle “12” on card 99 for data.

[13] CoNTINUOUS LEVEL MEASURING
systems are included in a new line of
instruments from Acoustica Associates
Inc., Los Angeles. The units use an
acoustic echo-ranging technique to give
continuous level measurement of all
liguids and solids in powdered, flaked,
granulated, or similar forms. In addi-
tion to gaging the contents of sta-
tionary and moving containers, the in-
struments can MONItor Tiver, sewage,
and reservoir levels, as well as wave
motions without contact. Circle “13”
on card 99 for details.
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N =W |
MODEL 71000A
700°C
3575.]

Astro’s new MODEL 1000A
ULTRA-HIGH TEMPERATURE
FURNACE is designed for general
lab use with inert, oxidizing or re-
ducing atmospheres, or- vacuum —
and features a 2.4 inch diameter by
6 inch long hot zone with a heat-up
time of 20 minutes to 2700° C.
Compact for bench use, and suitable
for either vertical or horizontal op-
eration, the furnace may be loaded
from either end and is provided with
radial and axial ports. Available with
automatic temperature control,
muffle tubes, dilatometers, calorim-
eters, black body cavities and other
accessories.

Astro offers a wide variety of high
temperature futnaces — standard, or
custom engineered to your require-
ments. Chances are you will like
Astro’s combination of quality, price
and fast delivery.

INDUSTRIES, INC.

606 Olive Street |
Santa Barbara, California 93101

Telephone 805/963-3461
Representatives in all major areas
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city state

2700 C IN 20 MINUTES

PRODUCT-PROCESS DATA

. ..on developments mentioned in “New
Products and Processes’” may be ob-
tained by circling appropriate numbers.

1 2 38 4 5 6 7 8 9 10
11 12 13 14 15 16

see page 99
name
position
company
address
city state zip code

remarks {*R Pat. Pend. Jan 68

VACUUM FURNACES
...are a specialty at Richard D. Brew
& Co. Customer needs have inspired
Brew engineers to continually seek new
ideas and solutions. Note your require-
ments on the remarks line below and
return this card to learn more about
Brew’s systems and capabilities.

"seepage 111

name

position

company

address

zip code

‘Application: [ Immediate {J Future

remarks I*R Pat. Pend. Jan 68

14-CHANNEL RECORDER
...1is the newest in Geotech’s series of
long term/frequency modulation single
speed tape recorders. Record on one-
inch tape; play back any one channel.
The portable recorder features three
way power choice and four recording
speed options. Return card for data.

see page 1 12b

name

position

company

address

state
O Immediate [ Future

city
Application:

zip code

remarks I*R Pat. Pend. Jan 68

i 25

...that’s the heat-up time of Astro In-
dustries’ new Model 1000A ultra-high
temperature furnace. The unit is de-
signed for general lab use with inert,
oxidizing, or reducing atmospheres; or
vacuum. Astro can custom engineer a
furnace to your requirements.

" MARZ-GRADE

TAX ADVANTAGES

... for business is the subject of a bro-
chure offered free by the New York
State Dept. of Commerce. Details are
given on how to predict state tax, save
on personal-property tax, and how to
write off assets and new research facil-
ities. Return card to receive your copy.

see page 993
name
position 3
company
address
city state Zip code

remarks I*R" Pat. Pend. Jan 68

...zone-refined materials from Mate-
rials Research Corp. are now resistance-
ratio tested. Available on most metals,
the ratio values are guaranteed. Metals
in ingot, wire, foil, sheet, forms, rod, and
crystal are offered. Return this card
for complete information.

see page 1 lza
name
position
company
address
city state Zip code

Application: [J lmmediate [J Future

remarks |*R Pat. Pend. Jan 68

CALIBRATE TRANSDUCERS
...automatically with calibration sys-
tems from Texas Instruments Inc. Even
when many calibration points are re-
quired, relatively unskilled operators can
handle the job quickly, easily, and accu-
rately. Repeatability is +1 part in-
100,000. Return this card for details.

see page 1 1 3
name ’ '
position
company
address
city state zip.code

Application: [J immediate [J Future

remarks IsR Pat. Pend. Jan 68

FIBERGLASS FUME HOODS

... manufactured by Labconco are inex-
pensive to buy and maintain, easy to
clean, corrosion resistant, easily assem-
bled, look good, will not peel (or crack),
and are available in various configura-
tions—ranging in face width from 28 to
70 in. Return this card for catalog.

see page ] 16
name name
position position 7
company company :
address address
city state Zip code city state zip code.

Application: [J Immediate [J Future

Application: [] Immediate [T Future

remarks I*R Pat. Pend. Jan 68

remarks {*R Pat. Pend. Jan 68




he $24-b11110n R&D
o;be 1nc1uded Re-

: ¥
able handbook lists orgamzatmns and res
seareh facilities as well as the products |
of the oceanographic industry. Return
this card for a free listing form.

name

position

company

. address

: syfa‘te‘ 7 zipcode

"ToR. Pat. Pend, Jan 68

engineers. T
opies at 35 apiece, return th
- Ch enclosed Bill me:

‘city :

remarks

"REACHING THE MOON

.. will have multiple rewards, and al

: of them are discussed by Neil: P. Ruzic.

Cas
ot Going to the M :
order from Industmal Rese‘ C
B - 4

enclosed. Ul Bill me

position:

state : 7ip cod

“jeR Pat, Pendi: ‘Jah‘GBm

Mzsszmgrs Inc.. They: range in"

d complexity from bench-top sys-~

: fully temperature/humldlty- -
vkcontroned rooms.’ Retum this card for 38

‘for change i3 address Pnnt name; new: address,

DE below; Please allow: six weeks.

zip code -

e\)ériyf 'Sho:es*,, Ir

Environmental $¥
Test Equipment
*

“FT Series
Temperature

Chambers"’
Dependable, versatile

and compact, mechanically
refrigerated, low and high
temperature models of 4
to 64 cubic feet workspace,
and ranges from — 100F
(—73C) to 4- 350F +-175C).

“FT1.5 Bench Type
Mechanically
refrigerated for
convenient smali
component testing.
Rapid temperature
changes over — 100F
to + 350F range on
plug-in 115 VAC
power. Tolerances
*15°F,

‘‘Liquid Chiller/
Heaters”
For remote thermal
conditioning, process
apparatus, vacuum
shrouds, and heat
sinks over temperature
ranges of — 100F (and
lower) to + 300F.
Units are designed for
a wide variety of
capacities and fiuids.

“Plug-In (Integral) & Remote

Temperature Conditioners’’
For circulating
temperature-
conditioned air within
or to cabinets,
fixtures, test
specimens, or process
equipment. Ranges as
wide as — 300F
(—185C) to + 500F
(+ 260C) with very
accurate control.

e

« “Ultra-Low
Temperature

Storage

! Freezers''

% Low temperatures of
. _50F (—46C),

?} —100F (—73C) or
&» —120F (—85C)

|
%

“Controlled Temperature

and/or Humidity Walk-In Rooms"’
A fult range of temperature and
humidity controlled rooms for testing of
computers, electronic gear, biological
research and growth studies (with
controlled lighting).

Write today for iltustrated Form 101

MISSIMERS

837 Missimers Bldg. incorporated
3737 San Fernando Rd., Glendale, Calif. 91204
(213) 245- 8471 TWX 213-240-2187
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photography
& optics

{14] LASER o-swITCH and plug-in mini-
ature high-voltage pulser that gener-
ates Q-switched laser pulses with rise
times less than 5 nanoseconds has
been developed by Crystalab Products
Corp., Rochelle Park, N.J. The device
consists of an electro-optic modulator,
Model EOM-512, and a GS-7A high-
voltage pulser. The EOM-512, a KDP
crystal modulator available with aper-
tures of 0.375 to 0.625 in. (0.954 to
1.59 cm), can be used alone as a
light modulator at frequencies to 50
mHz. The GS-7A is capable of switch-
ing 10 kV in 5 nsec when triggered
by a 25-V input pulse. Typical time
delays are under 15 nsec. When used
as a Q-switch, the modulator is plug-
ged into the GS-7A and the com-
bination is placed in the optical cavity
of a laser. Circle “14” on card 99 for
more information.

[15] CCTV TELEVISION CAMERA, shown
above, permits clear viewing of de-
tailed images under poor lighting con-
ditions. The Model ST-3, introduced
by Diamond Power Specialty Corp., a
subsidiary of Babcok & Wilcox Co.,
New York, incorporates a gamma cor-
rection circuit that permits operators
to adjust the intensity of black-to-
white shades as necessary to improve

the contrast of any high-detail analog

signal. The capability for controlling
shading gradations and providing 1,200
lines of horizontal resolution, said to
be the highest possible with a vidicon
unit, makes the ST-3 particularly
suited for radar screen scanning,-Te-
mote x-ray readings, and microscope
magnification and intensification. Cir-
cle “15” on card 99 for literature.

[16] HOLOGRAPHY KIT, available from
University Laboratories Inc., Berkeley,
Cal.,, for -only $195, includes every-
thing necessary to create original three-
dimensional holograms. The Model
210 can be used with any visible spec-
trum gas laser with an output power
over 0.3 mW. Circle “16” on card 99
for more information. m

aTeATEn

Imitation is the sincerest form of flattery, and
we're flattered. For years Brew, the leader in
the field of vacuum furnace technology and
systems, has been copied and imitated.
Though flattered, we must honestly

admit that much of our leadership

must be credited to our customers.

Their requirements and needs

have inspired our engineers to

continually seek new ideas and -

solutions. The results have been

superior performance vacuum furnaces.

If you are interested in the most advanced and reliable
vacuum furnaces available today, contact Brew, or wait
several years and contact our competitors.

Overseas Sales Mgrs:
Ad Auriema, Inc., N. Y.
London — Brussels
Heilbronn W. Ger.

= 1
RICHARD D. BREW AND COMPANY, INCORPORATED ‘\"’/
CONCORD, NEW HAMPSHIRE 03301 U.SA. Nxizz

v
See inquiry card 111.
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are now

RESISTANCE
RATIO
TESTED

For Doubting Thomases skep-
tical of all those 5 nines and
6 nines claims...

In addition to complete mass spec
analyses, we have now added resist-
ance ratio measurements to our
quality control procedures. Guaran-
teed ratio values can be supplied on
most metals.

Insist on
MARZ Grade
and be sure

Aluminum to

Zirconium
Available in:
Atloy Foil Rod
Ingot Sheet Crystal
Wire Forms

For further information, contact

MATERIALS
RESEARCH
CORPORATION

Orangeburg, New York 10962
(914) 359-4200 « “Cable MATRESCO”
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NEW

one-inch
14 channel
LT/FM*
recorder

i < S
Model 19429 LT/FM Recorder/Reproducer

*Model 19429 is the .latest in
Geotech’s series of LT/FM (Long-
. Term/Frequency Modulation)
single speed tape recorders. You
can record 14 channels on one-
inch tape, play back in real time
any one channel. Three-way power
choice and four recording-speed
options put this portable recorder
in a class by itselfl Operation
froma 12vdc, 24 vdcor1i5v
ac 60 Hz power source is easily
accomplished by plugging in the
appropriate power cord.

 slowest speed recorder avail-
able

e truly portable: 50 lbs, suit-
case size 17”7 x 22”7 x 11”7

e ac/dc operation

» real time, flux responsive
reproduction

¢ |RIG standard, 1”7 tape

e four standard recording
speeds: 0.03, 0.06, 15/160
or 15/16 ips

¢ 40 db dynamic range with-
out compensation

For data and pricing, write Dept. 32
3401 Shiloh Rd., Garland, Texas 75040

GEOTECH

“y

A TELEDYNE COMPANY

See inquiry card 112b,
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Automatic Calibration
of Transducers

Now you can reduce the time and in-
crease the accuracy of transducer cali-
brations with Texas Instruments auto-
matic systems designed for the job. Even
when many calibration points are re-
quired, relatively unskilled operators
can handle the job quickly, easily, and
accurately.

The calibrations are done quickly be-
cause there is no need to make complex
corrections for gravity and temperature,
nor to wait for stabilization of a long
mercury column; no mercury is used.
The job is done easily because all that
the operator does is dial in the desired
pressure, and the system delivers that pressure. Accuracy
is assured because of the precise quartz Bourdon tube sys-
tem used for the measurement. Repeatability is = one part
in 100,000, resolution is one part in 100,000. Since frequent
maintenance procedures are eliminated, accurate automa-
tion of the process is possible. If desired, automatic record-
ing of the entire calibration sequence is possible.

For more information about how you can have automatic
control of transducer calibration to the same degree of ac-
curacy usually achieved with manual methods, contact
Texas Instruments, Industrial Products Division, P. O. Box
66027, Houston, Texas 77006.

TEXAS INSTRUMENTS

INCORPORATED s25a
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CALENDAR OF TECHNICAL MEETINGS

: Announcements of forthcoming technical meetings should be sent to Industriai Research, Beverly Shores, Ind., at
least four months prior to the scheduled date of the conference to be included in the I-R monthly calendar.
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The straightest route to an improved product
is often a Sinclair petrochemical.

Is a change called for in your prod- Many manufacturers are profiting  technical assistance.

uct or its manufacture? Time and  from the use of Sinclair quality When you think of petrochem-
again the most direct practical route petrochemicals listed below. We'll icals, Sinclair is the name to re-
is not expensive new equipment, be glad to help you by providing member.

not a costly change in formulation,

but the resourceful use of a Sinclair

petrochemical, Sinclair Petrochemicals, Inc.

600 Fifth Avenue, New York, N. Y. 10020 155 North Wacker Drive,
Chicago, llinois 60606 » 4 Texas Avenue, Houston, Texas 77002
L . 7 Executive Park Drive N.E., Atlanta, Georgia 30329
SMA Resins * POLY B-D Liquid Resins * Aromatic Chemicals « Orthoxylene * Paraxylene ¢ Durene (1,2,4,5-Tetramethy~lbenzene) .

Toluene (Nitration) « Xylene (3°) + Olefin Chemicals + Butadiene * Butene-1 + Butene-2 « Heptenes * Propylene « MEK + Nitrogen
Chemicals + Anhydrous Ammonia * Aqua Ammonia - Aliphatic Solvents « Aromatic Solvents - Odorless Solvents.
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The 11 things that may be wrong with your fume hood
are the 11 things right with ours.

Fiberglass is our secret.

Because of fiberglass, and coved corners, inside and
out, our fume hoods can be wiped clean quickly and
easily with no joints, cracks or hard-to-reach spots to
collect undesirable residue or contaminants.

Fiberglass makes them rugged and lightweight... easy
to move around the lab. ‘

They're corrosion-proof and chemically inert.

Double-walled fiberglass construction gives them
extra strength.

Fiberglass won't peel, crack, corrode or absorb
chemicals. No metal, no paint to peel, and little or no
maintenance is needed. And our fiberglass is self-
extinguishing.

If you want to modify our furs: hoods, you can do it
with simple woodworking tools.

Fiberglass lets us mass produce our hoods, so you
get the same high quality with each hood at a lot lower
cost than old-fashioned put-together-with-bolts-and-
nuts hoods.

They're handsome, too. Compliment any laboratory.
And they come to you from the factory already assem-
bled, ready to plug in and use.

We have a complete line of fibergiass fume hoods,
ranging from 28" to 47" to 70" face widths, with or without
motors and blowers, with or without fixtures, with or
without induced air. And we've got a complete line of
fume hood accessories.

For a fully illustrated catalog containing all models,
accessories, specifications and prices, contact your
laboratory supply dealer or write to LABCONCO COR-
PORATION, 8801 Prospect, Kansas City, Mo. 64132.

Loy :
No. 28 ] No. 47 No. 70
Fume Hood Fume Hood Fume Hood

Advance-70
Fume Hood

...where new ideas become better products.

KJELDAHL and GOLDFISCH APPARATUS s CORROSION-PROOF LAB CARTS s CORROS!ON-PROOF BLOWERS w FIBERGLASS GLOVE BOXES
See inquiry card 116.



