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8,000,000 gallons from 1 cubic foot

One cubic foot of long-lasting AMBERLITE® IR-120 cation
exchange resin has treated 8,000,000 gallons of water—
enough for a family of four for 77 years—in one of the
nation’s largest municipal water-softening plants.

This resin is typical of those produced by Rohm & Haas
Company, where the search for new ion exchange resins
and techniques is as unceasing as man’s quest for good
water. In laboratory columns like the one above, industrial
processes were developed for the preparation of high quality

boiler-feed water, for the de-ashing and decolorizing of
sugar syrups, for the recovery of precious or toxic metals
from wastes.

If your process involves water treatment or the removal or
replacement of ions in solution, details on the AMBERLITE
ion exchange resins may help you.

Ask for “If You Use Water . ..”,
a 28-page booklet of basic information
on the ion exchange treatment of water.

THE RESINOUS PRODUCTS DIVISION, PHILADELPHIA 5, PENNSYLVANIA
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Using high-frequency vibrations and low-cost abrasives, the Cavitron Ultrasonic Machine Tool carves
holes and patterns of all shapes in hard-to-work materials. Development of the tool climaxed more than 10
years of research and experimental work by the Cavitron Equipment Corporation, of Long Island City, N. Y.

How SILENT SOUNDS CUT HOLES you can’t drill

This common steel gear bites its
way into a glass cube as smoothly
as it would mesh with its mate.
And that’s something, for chisel-
ing through glass is quite a trick,
evenwith a tool designed for the job.
Yet, as you can see, it’s being done
right here. And the machine that
does it can also sharpen the hard
metal tools used to cut other metals.
It can cut diamonds without the use
of diamond powder. Some day, it
may even eliminate the heat-
generated pain caused by your den-
tist’s whirling drill, or provide a
vastly improved method for break-
ing up kidney- and gallstones.
Now how does this revolutionary
tool work? By ultrasonic vibration.

It vibrates 27,000 times a second!
Every vibration pounds water-
borne abrasive against the surface
you're cutting, and steadily chisels
away tiny particles.

It took time to produce and con-
trol these vibrations. Over 10 years
of research and trial-and-error ex-
perimentation! Then—with the help
of Inco Nickel — the successful
method was perfected.

Pure nickel, when placed in an
electromagnetic field, contracts
much more than other commercial
metals, and returns to its original
length. (Physicists call this “mag-
netostriction.”) It is this motion —
stepped up a hundredfold — that
produces the vibrations which give
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the tool its bite.

There are many similar useful
qualities found in Inco Nickel
Alloys. Between them, pure nickel
and Monel provided the key to the
problems of the ultrasonic machine
tool. Another of our metals may
help to open a door now locked
to you. Let’s get together and work
out that problem of yours — soon.

THE INTERNATIONAL NICKEL COMPANY, INC.
67 Wall Street New York 5, N. Y.

L3
Inco Nickel Alloys
Monel® ¢ “R”® Monel * “K”® Monel
“KR”® Monel * “S”® Monel ¢ Inconel®
Inconel “X”® ¢ Inconel “W”® ¢ Incoloy®
Nimonic® Alloys * Nickel ¢ Low __4
Carbon Nickel * Duranickel® ,'.!.9.9.



¥  HOW To AVOID ELECTRONICS

Remote control of radio broadcast transmitters, recently approved

/ by the F.C.C., means that broadcasters can make more money

because they don’t need to have people wasting their time

watching the transmitters — which incidentally can be located

where real estate is dirt cheap. All checking, monitoring and
adjusting are done at the studio.

(
‘FIJ As a result, everybody and his brother has jumped into the business of
knocking together so-called remote control systems. Following
recognized electronic design principles, they start with a couple of
black boxes and jam into them as many tubes, wires, resistors and such,
as Newton’s law will allow (or is it Euclid’s fifth axiom?).

We're proud that one of our commercial customers followed a more

practical route. He believed that the fewer the components,

the more foolproof would be the result. We subscribe to this
theory as long as it sells our relays.

So, our friend, The Rust Industrial Company, Manchester, N. H.,
designed a job that has zero (0) tubes either at transmitter or studio
as compared to another system which has thirty -seven (37) in the
control and metering circuits, twenty - four (24) of which are at the
transmitter. The Rust system has but one control adjustment whereas
the competitor has 23. Although nowhere near as electronic,
Q the Rust system works.

Incidentally, Rust has 15 relays (as compared to 16 for the

competitor) and the four sensitive ones that Rust calls the heart

of the whole system are Sigma (types 5 and 7). The Sigma relays

receive the signal over the remote control line and decide which

function to initiate at the transmitter. Rust likes these Sigma relays

so much that they are replacing other types used in some early
Rust models for free. Such is the power of propaganda.
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SIGMA INSTRUMENTS, INC.
40 PEARL ST., SO. BRAINTREE, BOSTON 85, MASS.
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LETTERS

In your department “Science and the
Citizen” for October you refer to the
speculations of Mr. Spencer Brown on
the statistical basis of parapsychologv
and mention that many scientists feel
uncomfortable about experiments in
parapsychology, and feel sure that there
must be something wrong. This discom-
fort should, however, put scientists on
their guard against accepting a line of
thought which promises to remove it.

Early controversy as to the statistical
validity of parapsychological experi-
ments was eased by the publication of an
authoritative judgment by the president
of the Institute of Mathematical Statis-
tics that “the statistical analysis is essen-
tially valid. If the Rhine investigation is
to be fairly attacked it must be on other
than mathematical grounds.” It is, of
course, possible (though not very likely)
that Mr. Brown has detected a weakness
that was not apparent to the Institute of
Mathematical Statistics.

Careful checks have been made of the
guesses made in successful ESP experi-
ments against sets of targets for which
they were not intended. Many such con-
trol experiments have been carried out.
One of the most extensive is reported in
the book Extra-Sensory Perception After
Sixty Years, by Rhine, Pratt, Stuart,
Smith and Greenwood. In this check
the frequency distribution and other
statistics of a 20,000-run series of guesses
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preferred . . . where top performance is essential

Micro-precision Synchros

g\

¢ v

THE. PRECISION with which DoELcAM Syn-
chros electrically transmit and receive
position information is unsurpassed in a
precision industry. Tested and perfected
as standard military components, many
thousands have been delivered under
prime Government Contracts. Now, the
added facilities of our new plant make
these micro-precision units available for
industrial as well as military use. Your
inquiry is invited.

shown actual size

“Doelcam CORPORATION

SOLDIERS FIELD ROAD, BOSTON 35, MASS.
West Coast Office: 304 Tejon PI., Palos Verdes, Calif.

Instruments for Measurement and Control
Gyroscopic Instrumentation - Servomechanisms
Synchros - Microsyns - Servo Motors

f
SIZE 23 SIZE 31
2.25" 0.D. 3.10" 0.0,
115V40 8400Cycles 115V 40 Cycles

Write

for
Bulletin

SIZE 15

SIZES 1.062” 0.D. 1.437" 0.0,
and Excitation 115V 400 Cycles 115V 400 Cycles

11CX4a 15CX4a 23CX4a
Control 15CDX4a 23CX6
Transmitters 23CDX4a

11CT4a 15CT4a 23CT4a
Control 23CT6
Transformers 23CT6a
Torque
Transmitters 15TDX4a 23TX4a 31TX6
Torque 15TR4a 23TR4a
Receivers 23TR6

23TR6a

*All Type 23 Synchros are available with keyed or splined shafts.
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Ni-Span Diaphragms
by Bendix-Friez

| |
ARE HEAT TREATED IN A VACUUM
FURNACE...THEN TUKON TESTED |
FOR HARDNESS

The vacuum furnace in our laboratory
radiantly heats diaphragms to obtain
proper hardness and correct thermo-
elastic properties. The extremely high
vacuum prevents oxidation.

Then we Tukon test our diaphragms for
hardness. This is precision testing. It is a
mechanized check, with an optical reading.

Other Bendix-Friez Advantages
In our engineering laboratory, that is
devoted exclusively to diaphragm develop-
ment work, we have electronic micro-
meters for measuring motion. We have a
mass spectrometer leak detector.

. FRIEZ INSTRUMENT Division of
1422 Taylor Ave., Baltimore 4, Md.

We have hot and cold pressure cham-
bers that permit us to simulate the extreme
conditions to be found in industrial appli-
cations. We have automatic barometers.
We use a primary standard barometer
for ultra precise indicating and recording,
against which are calibrated working
standards. All this equipment and our
sources of supply are yours. All yours too,
is our years of experience starting with
our original research on radiosondes.

For further information, write to L. E.
Wood, Chief Engineer, address below.

AVIATION CORPORATION

SRILZ

EXPORT SALES: Bendix International Division
205 E. 42nd St., New York 17, N. Y., U.S. A.
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[ (half a million individual guesses) was

made. The mean, the standard devia-
tion, and other statistics were found, in
fact, to be very close to those expected
on the hypothesis of chance. Such ob-
servations rule out the possibility that
the ESP experimental results are, as
Spencer Brown has suggested, to be at-
tributed to something being wrong with
the laws of chance.

Mr. Brown is reported to have
matched digits between arbitrarily
chosen columns of a table of random
numbers, and to have found that the
total results differed from the mean
chance expectation. There are obviously
various possible explanations. Such a
result might be due to: (1) something
being wrong with the laws of chance;
(2) the conditions of his experiment
being such that something in the nature
of extrasensory perception was at work;
(3) the series of random numbers being
not truly random but related in such a
way that numbers in the same column
are more likely to be alike than one
would expect by chance.

Mr. Spencer Brown has chosen to
adopt the first of these explanations; the
third seems to be much more likely.

ROBERT H. THOULESS

The Parapsychology Laboratory
Duke University
Durham, N. C.

irs:

It is surprising to find in Dr. Thouless
a critic who considers it “not very likely”
that T have “detected a weakness that
was not apparent to the Institute of
Mathematical Statistics.” This observa-
tion seems to miss the point in two ways.
First, in the words “not very likely” Dr.
Thouless has used a probability expres-
sion in assessing the value of an argu-
ment, whereas the usual procedure of
people who understand arguments but
disagree with them is to try to point out a
flaw. Secondly, it is not in any case the
validity of the mathematics but that of
the axiomatics of statistical procedures
that 1 have questioned. Anyone who
draws a triangle between three points on
the earth’s surface, and then discovers
that its angles add up to more than 180
degrees, does not thereby throw doubt
on Euclid’s geometry, though he might
be led to (question its axioms.

Dr. Thouless suggests that insignifi-
cant deviations in some control experi-
ments rule out the possibility of there
being something wrong with the laws
of chance, in spite of the fact that he



Watchman...witha
1000-mile reach

O slow rounds on foot for him. He must patrol a thousand
miles of oil pipeline—every last inch of it...all at once.

How can one man in one place do such a job? The answer lies
in a remarkable network of micro-wave and VHF radio. ..
giving the watchman a precise picture of operations along the
entire line, giving him push-button control of pumping
pressure and rates of flow, keeping him in direct contact
with roving maintenance crews.

In this combined communications-control network, Mallory
precision-built electronic components—capacitors, resistors
and vibrators—are fundamental to dependable performance
under all operating conditions.

Mallory has earned a reputation for quality that is unexcelled
in the specialized fields of electronics, electrochemistry and
metallurgy. Mallory products, specialized engineering abili-
ties and precision production facilities in those fields offer
manufacturers real opportunity to improve their products
« . . thus improve their sales.

5

P.R. MALLORY & CO. Inc., INDIANAPOLIS 6, INDIANA
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- | knows other controls to have led to high-
= ly significant results. In this he is clearly
guilty of a drastic and unscientific selec-
tion of data to fit his theory; using his
argument, we might as well say that the
insignificant results obtained by some
people doing ESP experiments rule out
the possibility of ESP.

Finally, I have not chosen to adopt
the explanation that something is wrong
with the laws of chance to account for
the significant deviations in my random-
number-matching experiments. An at-
tentive reading of my paper (or its very
clear review in your journal) will reveal
that I did no more than suggest the possi-
bility of this explanation as not incon-
sistent with the position I had reached
after examining ESP data.

G. SPENCER BROWN

Christ Church
Oxford, England

TO FILTERS
' Sirs:
| I have read with interest the excellent
2 article on scintillation counters bv
| ) George B. Collins [SCIENTIFIC AMERI-
_ﬁ_—T'— caN, November]. Your readers may be
L Ll | interested in some of the early back-

ground of the instrument in addition to

{
that given by Dr. Collins.

The idea of recording scintillations
with a highly sensitive, rapidly respond-
ing photoelectric device instead of the
eye was first proposed in 1941. Krebs,
describing his work in Annalen der Phy-
sik, combined a scintillation crystal with

a highly photosensitive Geiger-Miiller
counter for the detection of polonium

B Y F E I- T E R S | alpha scintillations. He used this tech-

nique to measure the diffusion of radium
DOES T" E JOB RIG“T emanations and thorium emanations. In

1944 Cuwrran and Baker introduced a
form of the scintillation counter in which
the eye was replaced by a photomulti-,
plier tube. Kallmann published at a
later date and -applied the principle to

Compressible for a tight fit, Felters Felt is an ideal

sealing material. Or, when used as a filtering

medium, Felters Felt provides a closely woven
fibrous structure that gives high filtering efficiency. FELTERS S.A.E. FELTS

F-5, F-6 and F-7 both particles and quanta, using single
You may need a hard felt to resist abrasion, or a are recommended for applica- crystals of various luminescent materials

soft felt to protect a gleaming surface. A call to Felters :f::se":‘:ta?;’f:gsw:;:se}:wﬁ; to produce the scintillations.
will give you information about the type and grade ::dw"et';ifremnghgemaunieﬂ; The years between 1947 and 1950
of felt best suited to your specific job. Thise are 3 of m:ny g,:des of  brought many improvements in the in-
Get in touch with us today. Felters Felt produced for specific strument by the impressive teamwork
THE FELTERS CO., 250 South St., Boston 11, Mass. applications. and cooperation of such workers as

Broser and Kallmann; Bell, Coltman and
F E I-T E R S F E I-T Marshall; Deutsch, Hofstadter, Mande-
-+« by the roll . . . by the yard ville and Albrecht; Mandeville and
= 0F QUL RERCUY AR JOU WRAY e Scherb, to mention only a few.

’0% .m. A. T. KREBS

Army Medical Research Laboratory
Fort Knox, Ky.
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The old Roman god Janus
lives today in servo mechan-
isms, instruments, and controls
which take past information
and use it to guide the future
—much as Janus faced back-
ward and forward in time, to

symbolize past and future. time in your hands

Controlled, predictable flight depends upon data concerning the immediate
past of a flight, as well as navigational information for the course ahead.
Time is literally in your hands with Kollsman products.

Today our activities encompass four fields:

AIRCRAFT INSTRUMENTS AND CONTROLS
OPTICAL PARTS AND DEVICES
MINIATURE AC MOTORS
RADIO COMMUNICATIONS AND NAVIGATION EQUIPMENT

Our manufacturing and research facilities . . . our skills and talents, are
available to those seeking solutions to instrumentation and control problems.

kU I I S m a n INSTEUMENT CORP.

; ELMHURST, NEW YORK o GLENDALE, CALIFORNIA « SUBSIDIARY OF ghﬂd@d COIL PRODUCTS CO. INC.
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LOOK
WHAT HAPPENED

to the electrical connector
that wasn’t for sale!

Don’t let anybody tell you there isn’t a
big market for quality.

Some years back our Scintilla Division
people were unhappy with electrical con-
nectors then available and decided to build
a better one for their own use.

It had to withstand extraordinary vibra-
tion, extremes of moisture, dirt, tempera-
ture and a dozen other natural enemies
of electric current. We’ll admit cost was
secondary, but look what happened.

When customers with severe require-
ments saw these new connectors, orders
flocked in. We now manufacture millions of
top-performing, precision-built connectors

3. Z IR By b ST = el
Z P A -'24(1? T Al
o = ---"_‘J.‘

every year for industry-at-large proving
once again that quality is readily recognized
for what it is—dressed-up economy!

Twenty-five Bendix manufacturing divi-
sions turn out nearly a thousand other quality
products, some of which are listed at the right.
You can see that they span nearly every basic
industry. Bendix believes in planned diversity,
has a store of engineering and research talent
second to none experienced in every branch of
industrial science.

So no matter what your business is, it’s
fairly certain Bendix can contribute to it . . .
either with basic components to improve per-
formance or technical advice to help you solve
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chronic problems now bottlenecking production.
No advertisement can tell the complete
story of Bendix nor indicate specifically how
Bendix can help your business. So why not look
into Bendix further and have your secretary
follow through on the following suggestion:

-

FinD Outr How BENDIX CAN HELP YOUR BUSINESS

The complete story of Bendix is best told and illustrated in an interesting
new digest called “Bendix and Your Business.” You are almost certain to
find in its pages at least one idea of how Bendix can help improve some
part of your own business. Please make requests for this 40-page booklet
on your company letterhead to:

BENDIX AVIATION CORPORATION o FISHER BLDG., DETROIT 2, MICHIGAN

VIATION

"ORPORATION

PRINCIPAL DIVISIONS AND BASIC PRODUCTS

SCINTILLA, SIDNEY, N. Y.
MANUFACTURERS OF ELECTRICAL CONNECTORS
aviation ignition systems; industrial engine
magnetos; diesel fuel injection.
BENDIX RADIO, TOWSON, MD.
radar; auto, railroad, mobile
and aviation radio; television.
BENDIX PRODUCTS, SOUTH BEND, IND.
automotive brakes, carburetors, power steering;
aviation brakes, landing gear, fuel metering.
EcLIPSE MACHINE, ELMIRA, N. Y.
Stromberg* carburetors, electric fuel pumps,
starter drives, coaster brakes.
MARSHALL-ECLIPSE, TrROY, N. Y.
brake blocks, brake lining, synthetic resins.

ECLIPSE-PIONEER, TETERBORO, N. J.
aviation instruments and components; foundry.
BENDIX FRIEZ, TOWSON, MD.
meteorological instruments; precision instruments
and recorders.

RED BANK, EATONTOWN, N. J.
electronic tubes; dynamotors, inverters.
ZENITH* CARBURETOR, DETROIT, MICH.
automotive, marine and small engine carburetors.
BENDIX-SKINNER, DETROIT, MICH.
micronic filters.

PACIFIC, NORTH HoLLYwOOD, CALIF.
telemetering equipment; hydraulic and electric
actuators; depth recorders; boat steerers.
CINCINNATI, CINCINNATI, OHIO
automatic viscosity regulators, nuclear products.
BENDIX COMPUTER, LOS ANGELES, CALIF.
digital computers.
BENDIX-ECLIPSE OF CANADA, LTD.
Windsor, Ont.

BENDIX INTERNATIONAL
New York City

FREG. U.S. PAT. OFF,
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SPECIALISTS IN CHELATION :
For more than a quarter-century we have devoted all of our time, _.:-:
- talent and energies to the study of chelate chemistry. From this has e
" " resulted the origin, development and production of the Versene r

Chelating Agents. We manufacture no other products and have no "___x
other interests. Chelation and chelation alone is our business.”
It is the only world we know. ¥
S ]

CHELATION UNLIMITED T |

:‘E_ Our specialization in this particular kind of chemistry now makes it’
3‘ possible for you to use chelation to solve problems created by the .
) presence of metal ions in solution. Proof of its effectiveness may be
~found in all fields of science. In Agriculture, for instance, it cures iron
L‘. chlorosis (deficiency) to the point where growth is stimulated, yield
“ _increased and maturation speeded. In Medicine, it stabilizes whole .
blood, decontaminates both internally and externally by n-mo\'u!‘_,"‘
5 radioactive deposits, cures acute lead and other heavy metal pnixoning,l' é
%_ : purifies and stabilizes drugs and pharmaceuticals, solubilizes_ e |
*_ "insolubles” in animal, human and mechanical circulatory systems. %
In Industry, it separates rare metals, controls polymerization of cold
R ~rubber and plastics, prevents or removes metallic stains and
™ -contamination in processing of textiles, papers, dyeqtuffs foo
e::a'gu etc., increases detergency of soaps and synthetics;. softpn
‘water completely and permanently without formation of precipitates,

15

55‘

INVITATION TO CHELATION

From these achievements you can see that the Versene Chelatin
Agems are powerful new “‘tools” for research and production. We invite -
- % . you to use them to solve your own problem in chelation. We will
gladly share our accumulated experience in this field. Send’
T for ‘i-lmplt"? and Technical Bulletin No. 2. Chemical Cou m»clrprl reququ

L P

CH,COONa
o
'N
~
CH,COONa
Metal lons
\ Cij;CODNc
N—CH.CH.—N
i N

BERSWORTH CHEMICAL CO., FRAMINGHAM, MASS.
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a0 AND 100
YEARS AGO)

“Some further

FEBRUARY, 1903:
important evidence with regard to the
suspected gradual conversion of radium
or radium emanation into helium is fur-
nished by Sir William Ramsay and F.
Soddy. Radium emanation was con-
densed in a liquid-air tube, and the
liquid air was then removed by the
pump. The tube showed no trace of
helium, but showed a new spectrum,
probably that of the emanation itself.
After standing for four days, the helium
spectrum appeared, and the characteris-
tic lines were observed identical in posi-
tion with those of a helium tube thrown
into the field of vision at the same time.”

“Many ancient and historic buildings
are now losing some of their antiquity
by the introduction of the electric light,
whose subtle encroachments apparently
no hand can stay. Among the latest to
succumb to the anachronistic illumina-
tion of electricity is no less a venerable
pile than St. Peter’s at Rome. The in-
stallation has recently been completed.
Current is supplied at 2,000 volts alter-
nating, and is reduced to a lower voltage
by transformers situated in a chamber
on the level of the main cornice round
the dome.”

“Sir Oliver Lodge has tried at Liver-
pool to disperse fogs, using for this pur-
pose a Wimshurst influence machine
which discharged by means of a bundle
of points into the air. A very high poten-
tial is necessary and to increase the sur-
face a large gas flame was used to supple-
ment the points. On one occasion the
discharge of electricity from the flame
was sufficient to keep a clear space of
fifty or sixty yards radius in a dense fog.
Although these experiments were prom-
ising, the Wimshurst machine did not
seem suitable for everyday use, and
there was no other generator which
would give a sufficiently high direct volt-
age to do the work.”

“Prof. Curie has declined to accept
the medal of the French Legion of
Honor, despite the fact that the govern-
ment offered it to him of its own free will,



This
rubber “tire”

talks to you

Bell Laboratories engineers have de-
veloped a new and highly economical
way to record sound magnetically.

Instead of tape or wire they use a
mixture of rubber and iron oxides which
is formed into a band and mounted on
a wheel. This simple and very rugged
“talking rubber” can play back mes-
sages clearly millions of times.

Talking rubber is already at work for
the Bell System announcing weather
and answering customers who call vacant
or disconnected numbers. It promises

BELL TELEPHONE LABORATORIES

Improving telephone service for America provides careers

to have many other uses. In a new
machine, it answers your telephone in
your own voice when you are away—
and takes a message for you in the voice
of your caller.

Many businesses, too, other than tele-
phone, are expected to find a variety of
ways to use talking rubber—especially
whenever a message must be given
quickly to many people.

Talking rubber proves again the down-
right practicality of Bell Laboratories’
research to improve telephone service.

for creative men in scientific and technical fields.
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One of a bank of recorder-reproducers
operated by the New York Telephone
Company for the New York Stock Ex-
change. They give instant stock quota-
tions to brokers who dial a code number.
Recording and pickup heads are shown
above wheel.



Fully automatic instrument air dryer . . ; BY-type Lectrodryer

DRY AIR

and how to get it...

Even on the most arid desert, air is wet! Elsewhere, it’s wetter. Hence,
if you need dry air, you must use machinery to get it.

A Lectrodryer* is an air drying machine. With it you can dry great
volumes of air in a continuous flow to prescribed low dewpoints.
You can reduce the moisture content of air to a stable constant!

Lectrodryer machines can drop air to dewpoints below
-100°F. . .reduce relative humidity below 10%

There’s probably a Lectrodryer already built that meets your dry-
ing need. The largest (for a wind tunnel) dries three tons of air per
minute to a dewpoint of -70° F. Smaller machines are preserving
the interior of Navy ships of the “Mothball Fleet”” by maintaining a
constant relative humidity below 30 %.

Besides air drying, there are Lectrodryers that dry many gases and
organic liquids, handling pressures as high as 6000 psi.

If you use air, give some thought to drying it with a Lectrodryer.
Write for Because Moisture Isn’t Pink, a booklet describing
Lectrodryers and how industries have used them. Request also, The
Moisture In Our Atmosphere, a technical booklet on the nature, be-
havior and measurement of water vapor. Both are free! Pittsburgh
Lectrodryer Corporation, 336 32nd Street, Pittsburgh 30, Pa.

-

' $15500
LABORATORY LECTRODRYER F.O.B.
If your experimentation requires small quantities of dry Pittsburgh

air or other gases, a Laboratory Lectrodryer will help
you greatly. Rated at 100 cubic feet per hour, these
machines have in many cases provided the dryness in
research that has led to large savings in production.

L2

LECTRODRYER

#* REGISTERED TRADEMARK U.S. PAT. OFF.

LECTRODRYERS DRY WITH ACTIVATED ALUMINAS
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and not because of the solicitations of
any friends of the Curies. The refusal
comes all the more as a surprise since
Prof. Curie accepted the Nobel prize not
so very long ago.”

“An oxyacetylene blowpipe is de-
scribed by M. Fouché in the Bulletin of
the French Physical Society. The flame
is formed by the combustion of a mix-
ture of eight parts of acetylene to one of
oxygen, and, in order that the explosion
may not travel back into the blowpipe,
a jet velocity is required equal to the
pressure of a water column four meters
in height. The flame melts most metals
readily; it will solder iron and steel. Even
silica and lime are melted by it.”

“In the SciEnTIFIC AMERICAN of De-
cember 26 it was announced that the
famous Eiffel Tower was about to be
razed to the ground, for the reason that

| it displayed a marked toppling tendency.
M. Eiffel denies the statement that the
famous structure is to be torn down,
and refers to the report of M. Mascart,
president of the Academy of Sciences,
in which it is said that ‘the tower is in
a perfect state of preservation, and that
no change of position has been noted
either in the foundation or in the frame-
work.” Far from having sunk to one side,
the tower seems to have preserved its
position with all the constancy that could
be desired. Every competent commission
that has ever studied the tower has ad-
vocated the preservation of the struc-
ture, and has vouched for its scientific
utility.”

“The Technology Club of New York
City recently held a radium banquet, in
which the health of the Massachusetts
Institute of Technology, whose alumni
compose the association, was drunk in
‘liquid sunshine.” A tiny tube of radium
had been placed in water in a tiny cock-
tail glass. A magnesium wire was burned
in a corner of the darkened room and in
each glass there glowed a brilliant blue
fluorescence. The toast to alma mater
was then drunk standing.”

;"’:ﬂ[‘?‘- A
| FEBRUARY, 1854: “There are in
Pittsburgh and its vicinity seventeen
large rolling mills, twelve principal or
large foundries, twenty glass manufac-
tories, about twenty engine and machine
shops, five large cotton factories, four



WEVE DISCOVERED HOW TO

Slwirk yowr matou

=by Floating a screw on a stream of balls?

We eliminate the need for the excess power that
was added to overcome friction in the old-fashioned
screw-type drives.

Ball-screw actuators made by Cleveland Pneumatic
have an efficiency as high as 90 % on most types
of drives for machines. This lets you use a %-horse-
power motor instead of a 1-horse...a 5-horse in-
stead of a 10...with power to spare.

It’s done by replacing the famous old high-friction
Acme thread principle with a spiral ball-bearing
thread that does wonders for efPﬁciency. Sliding
friction is replaced by the rolling action of the
screw and nut over the steel balls in the threads.

These “AEROL” Ball-Screw Actuators are at
work now...1in the air at scores of spots on air-

Cleveland Pneumatic

Department D-2

BALL-SCREW ACTUATORS ® AUTOMOTIVE SHOP EQUIPMENT
AIR-OIL IMPACT ABSORBERS

World’s Largest Manufacturer of Aircraft Landing Gears

craft; on the ground in machine tools, in research
equipment, on trucks and cars; at secret locations
on difficult defense projects.

We can also cut down friction in your designs
and products. . .by shrinking the size of motors,
easing the effort it takes to hand-actuate a device,
making equipment move faster yet come to a more
precise stopping point under any condition. Our
Actuators operate smoothly under the greatest
extremes of heat and cold.

When can we discuss with you the
application of our AEROL Ball-
Screw Actuators in your business?
If you wish to know more about
Cleveland PneumaticActuatorsand
their uses. . .write for our booklet.

e

To CUSHION SHOCK

CPT’s shock absorber principle combines
pneumatic and hydraulic cushioning. It can
control minute vibrations or tons of impact.
It is the shock absorber for the largest aircraft
landing gears (CPT is the world’s biggest manu-
facturer of landing gears), and the same princi-
plesare often adapted to finger-sized units. May
we discuss with you how to take the shock
out of stopping or themotion outof vibration?
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Applicitions of othodtpay sisitlography
WELDING CURRENT vs.
ElETRODE DISPLACEMENT

MULTIPLIER
PHOTOTUBE
hY

I"'-'Ii' )
NCATHOBE-RAY

|l OSCitLOGRAPH

Physical Setup: An electrostatic-stored-
energy “Weldpower” welding control
and associated welding head for resist-
ance welding of non-ferrous materials.

The Problem: To correlate displace-
ment of the welding electrode with the
flow of welding current to determine
the rate of ‘“follow-up” (forging
motion) during welding of copper and
other non-ferrous materials.

The Solution: Both welding current
and electrode position are plotted
against time on a dual-beam cathode-
ray oscillograph* operated with both
channels on a common time base. The
oscillograph sweep is triggered by ex-
ternal equipment which triggers the
sweep shortly before the welding action
to insure that the presentation will be
in the center of the screen.

The welding-current waveform (A) is
derived from the voltage drop across
a high-current shunt. This voltage is
proportional to the welding current and
is fed to one channel of the cathode-
ray oscillograph. At the same time a
timing oscillator feeds 1000 cycle-per-
second voltage pips into the z-axis of
this channel to provide blanking marks
at 0.001 second intervals.

A flag on the welding electrode par-
tially interrupts a light beam as the
electrode travels downward. The light
beam is focused on a multiplier photo-
tube. For the short electrode travel,
the multiplier phototube output is
proportional to the position of the elec-
trode at any instant and this output is
applied to the second channel of the
cathode-ray oscillograph (B). The
oscillograph screen was calibrated by
static measurements of current and dis-
placement.

In this test, a cross-wire weld was made
on #18 hard-drawn, tinned copper wire.
The oscillogram, taken with an oscillo-
graph-record camera**, shows that the

*Du Mont Type 322 *°*Du Mont Type 297

current (A) with 0,001 second timing
marks imposed, rises to the 8000 am-
pere peak (1) in about 0.002 seconds.
Waveform (B) shows that the metal
to be welded became plastic at the peak
current where the downward travel of
the electrode began (2). After 0.004
seconds the metal solidified, electrode
motion stopped (3) and the weld was
completed. In this time the electrode
traveled downward 0.025 inches (3).
Variations in (B) following the com-
pletion of the weld result from slight
mechanical oscillation in the welding
head. This identical setup is used to
plot the force exerted by the welding
electrode during the welding cycle ex-
cept that the displacement waveform
(B) is differentiated twice (d2s/dt2)
with very simple electrical circuits to
derive force.

An application of cathode-ray oscillog-
raphy by the Raytheon Manufacturing
Company, Equipment Engineering
Division, Waltham, Massachusetts.

For further information concerning the Du Mont
instruments used in this application, contact:

ALLEN B. DU MONT LABORATORIES, INC.

Technical Sales Department ¢ 760 Bloomfield Avenve, Clifton, New Jersey
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large flouring mills besides some smaller
ones; and it is estimated that there are
more than one hundred steam engines
in operation in the city and vicinity.”

“We see that Dr. Morton of Boston is
now in Washington, hard at work to get

| friends and favor among the members

of Congress in order that he may obtain
an appropriation from Congress for the
discovery of Etherization in surgical op-
erations. A select committee of the
House of Representatives presented a
majority report in favor of Dr. Morton’s
claims, while an able minority report
awarded the credit of the discovery to
Dr. Jackson of Boston. In reviewing the
claims of both applicants we took occa-
sion to express our views upon the in-
justice done to Dr. Wells of Connecticut,
now deceased, who had performed a
surgical operation upon at least one per-
son under the influence of ether two
years before Dr. Morton obtained a
patent.”

“Since we published remarks a few
weeks ago respecting the benefits that
would be conferred upon the writing
community by the invention of a jet
black pencil to supersede pen and ink,
we have received a number of letters
about fountain pens, but we do not wish
to have anything to do with these—their
advantages and disadvantages being
well known to us. The pencil and noth-
ing but the pencil is the watchword and
reply for us.”

“Prof. Lovering, in his eighth lecture
on Electricity, before the Boston Lowell
Institute, said: ‘Electricity will never be
used generally for the purposes of me-
chanics or locomotion because of its ex-
pensive character, twenty-five cents ex-
pended in steam being as productive of
power as two dollars expended in elec-
tricity.” This is also our view of the sub-
ject as it relates to expense, but there is
a more fatal objection still to the use of
galvanism as a motive power—we allude
to the delicate nature of electro-magnetic
conductors in machines, and the sensi-
tiveness of the current to atmospheric
influences. Steam is perfectly under the
control of machinery, but the electric
current is not, at least by any known
appliances. An electro-magnetic engine
of 10 horse power, by the simple disar-
rangement of one wire (not easily dis-
covered) will not give out over one
horse power. The management of the
batteries, also, is difficult and trouble-
some, and not to be compared in sim-
plicity to the furnaces and boilers of a
steam engine.”



measure records faster...

with the low-cost Contact Telereader System

The problems of manual measurement—slowness, inaccuracy and
high labor cost—are solved by the Contact Telereader System.

It measures oscillograph, seismic and other graphic records, makes
Operation: The operator makes measurements by up to 40 measurements per minute and provides .01” accuracy.

G COSSTITE e F LRI SIGRes Flexibility is a major advantage of the system. It handles

are then electronically converted into digital single sheet or roll records of any length, any width up to 187,
form for readout to an electric typewriter, performs linear and non-linear calibrations, reads out in
tape perforator, summary punch or key punch. typewritten reports, punched cards, or perforated tape.
Measuring and readout are almost simultaneous. The Contact Telereader can also be used alone
for high-speed measuring with manual readout.

Please send requests for specifications to
Preston W. Simms, Dept. SA-2.

TELECOMPUTING CcORPORATION

BURBANK, CALIFORNIA ¢« Washington, D. C.
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COMPLETE LINE

FAR MORE MICROSCOPE FOR YOUR MONEY

In this complete new line you'll find time-saving features,

convenience advantages never before attainable in a polar-
izing microscope. Look, for example, at the many benefits
you get with the Model LS-2 . . . unequalled in this lowest-
price range . . . exclusive with Bausch & Lomb Polarizing
Microscopes, the world’s finest.

Model LS-2, with all these
advantages, only $304.50

Easiest operation ever

Fine focus knob is in hand-at-rest position.
Glide motion focus, drift-free; ball bearings
and rollers throughout,

for longest life,
Fingertip-twirl operation of all controls.

Dependable accuracy

Fine focus, with 1-micron divisions,
Ball bearing stage is factory centered,
Ball
bearing nosepiece—identical repeat
settings (Centering nosepiece optional
at extra cost). Pre-set polaroid polar-
izer, with iris diaphragm,

graduated in single degrees.

Finest image quality
Optical system is dust-proof,
- including polaroid analyzer and
Strain-free,
achromatic objectives. Uniform
light on full field. Opti-lume
Illuminator loptional), inter-
changeable with mirror; use
attached or separate.

MODEL LI-4 ﬁ?
w'v \v,

accessory slot.

Dustproof
Bertrand lens,
new centering
nosepiece,
graduated
polarizer.

STAGE

® One of many
new accessories.
Adaptable for
point counting.

WRITE for Catalog D-130 and
demonstration. Bausch & Lomb
Optical Co. 78126 St. Paul Street,
Rochester 2, N. Y.

BAUSCH & LOMB
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THE AUTHORS

FLETCHER G. WATSON (“A
Crisis in Science Teaching”) was trained
as an astronomer but has shifted his in-
terest to science education. Born in
1912 and raised in California, he gradu-
ated magna cum laude from Pomona
College in 1933. He then joined the staff
of the Harvard College Observatory,
taking a Ph.D. in 1938. His principal re-
search was on meteors, asteroids and
comets, and he is the author of the well-
known book Between the Planets. Dur-
ing World War II, as a lieutenant com-
mander in the Navy, Watson worked on
loran installations. Upon his release from
the service he joined the faculty of the
Harvard Graduate School of Education,
where he is now associate professor.
He collaborated with James B. Conant
in planning several courses and sum-
mer programs, and is co-editor with
I. B. Cohen of General Education in
Science.

FRANK FENNER (“The Rabbit
Plague”) has been one of the chief sci-
entific directors of the Australian cam-
paign to eradicate rabbits by spreading
myxomatosis. A microbiologist, he has
had charge of the laboratory end of the

| work. Fenner was born in Victoria in

1914 and educated at the University of
Adelaide, where he received an M.D.
He spent six years in the Australian
Army, where he specialized in malaria
control. After the war he went to Mel-
bourne to study animal viruses under Sir
Macfarlane Burnet. He spent a year in
the U. S. on a fellowship at the Rocke-
feller Institute for Medical Research
studying tubercle bacilli. Upon his re-
turn to Australia he was appointed to his
present position, professor of micro-
biology at the Australian National Uni-
versity in Canberra.

RICHARD M. SUTTON (“A Family
of Solar Eclipses”) has been called “one
of the great masters” in the field of
physics demonstration lectures. “The
laws of physics,” says a colleague, “sim-
ply jump out of his apparatus, and how-
ever abstract or subtle a physical princi-
ple may be, Dr. Sutton has constructed a
piece of equipment or a model or a fig-
ure of speech to make it graphic and un-
derstandable.” Sutton, who is descended
from a long line of educators, was born
in Denver in 1900. He attended Haver-
ford College and the California Institute
of Technology, where he took his doc-



Bendix ground-control system makes
“blind” flight possible, uses high-pre-
cision New Departure ball bearings.

'sight"
for
blind

flight!

Landing on a fogged-in runway would have
been a stunt not too long ago. Now, thanks to
great advances in instrumentation, such land-
ings are routine. New Departure has kept pace
with these improvements, utilizing the most
advanced methods and equipment for the manu-
facture of instrument bearings to ultra-precision
specifications. Wherever you look in the ex-

panding fields of instrumentation—defense or " E w n E P A HT“ H [
industrial —you’ll find New Departures on the

job—preserving super-accurate alignment . . . BALL BEARINGS
increasing efficiency . . . cutting friction . . .
makin m ightweigh ign: ible.

2 g co paCt’ lg twe g t des gns pOSS. ble NEW DEPARTURE « DIVISION OF GENERAL MOTORS « BRISTOL, CONNECTICUT
Look to New Departure for fine ball bearlngs_ Plants also in Meriden, Connecticut, and Sandusky, Ohio
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Production
cosis are

in for a
clipping
4

No longer a goal of the future
but available now is a phenolic
material, glass fiber* filled yet
readily moldable, with unheard
of impact strengths ranging up to
20 foot-pounds per inch (Izod).

This is one of several new plas-
tic compounds of the “working”
class...the multi-purpose\phenolic
materials...developed by Durez to
extend into new fields the eco-
nomies of the molding process.
In your business they may be
the turning point in eliminating
numerous machining, assembly,
finishing, and other operations.

Further possibilities for cutting
costs are in a lustrous yet resilient
new rubber-filled Durez phenolic,
and still another that ends the
danger of corrosion of silver
contacts.

These new kinds of materials in-

PHENOLIC PLASTICS

\§\ __

wuin it kb e W

vite your investigation with more
than dollar economies in mind.
Look into them for products that
look better, serve longer, and sell
easier!

Durez phenolics specialists will
gladly confer with you and your

custom molder.
*Owens-Corning Fiberglas

MOLDING COMPOUNDS

INDUSTRIAL RESINS

PROTECTIVE COATING RESINS

Our monthiy ** Durex Plastics Neavs " wwill
keep you informed on industry’s uses of
Durez. Write on office letterhead.

DUREZ PLASTICS & CHEMICALS, INC.
802 Walck Road, North Tonawanda, N.Y.

THAT FIT THE JOB
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! tor’s degree under the late R. A. Millikan
in 1929. In 1931 he returned to Haver-
ford and is now professor of physics and
chairman of the department there. In
recognition of his contributions to phys-
ics teaching Sutton was awarded the
1952 Oersted Medal of the American
Association of Physics Teachers.

DOUGLAS SURGENOR (“Blood”)
is assistant professor of chemistry and
associate member of the University
Laboratory of Physical Chemistry Re-
lated to Medicine and Public Health at
Harvard University. This laboratory
grew out of the physical chemistry de-
partment at Harvard Medical School
where, under the direction of the late
Edwin J. Cohn, fundamental studies in
protein chemistry were combined with
wartime work on gamma globulin and
other blood plasma fractions. Surgenor
joined Cohn’s group in 1946, having just
taken his Ph.D. in organic chemistry at
the Massachusetts Institute of Tech-
nology. His first studies were in the field
of red blood cell fractionation. Later he
played a major role in developing meth-
ods for fractionating tissues other than
blood, particularly liver, and was one of
the designers of the latest portable model
of plasma processing equipment which is
described in his article.

JAMES E. McDONALD (“The
Shape of Raindrops”) is currently a
member of a large research team work-
ing on an Air Force-sponsored study of
cloud physics at the University of Chi-
cago. It was the raindrop problem, upon
which he came almost accidentally, that
stimulated his interest in cloud studies.
This is his third appearance as an author
in SCIENTIFIC AMERICAN; he has written
articles on the Coriolis force and on the
| earth’s electricity.

ROBERT A. BUTLER (“Curiosity in
Monkeys”) is a research psychologist at
the Audiology and Speech Correction
Center of the Walter Reed Army Hospi-
tal. He took up the study of psychology
after the last war, receiving his Ph.D.
from the University of Chicago in 1951.
Before going to his present position he
had taught at the University of Wiscon-
sin, where he began his work on curiosity
in the Primate Laboratory. He is con-
tinuing the research at ‘Walter Reed. But-
ler is 30 years old.

| BURRIS B. CUNNINGHAM (“Ul-
tramicrochemistry”) learned to work
with small chemical samples while
studying the metabolism of paramecia
| just before World War II. This experi-
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T HESE shakers provide vibratory sinusoidal forces of frequency and

amplitude by which specific vibratory conditions can accurately
be simulated. They provide the means of assesssing the effects of
sudden acceleration on materials, structures and components; and are
being extensively applied to FATIGUE TESTING, ELECTRICAL
COMPONENT TESTING, FLEXTURE TESTING OF PLASTICS, ETC,,
and SPECIALISED GUIDED WEAPON RESEARCH. For certain
pre-knowledge of vibration and its effects consult GOODMANS.

MODEL 390A A medium  MODEL 790 Fer Vibrating

duty model eavy com-

producing an alternating force f ponents, and is capable of producing
approximately +25 Ibs. a force of + 50 Ibs.
Thrust ........ Force factor 4.7 Ibs. This unit has a force factor of approxi-
per amp. mately 9.2 Ibs. per amp. and a total
Max. Continuous 2 amps. uncooled; 4 current capacity, with air cooling, of 4
Current Rating ~ amps. with air cooling amps. (R.M.S.).
(RM.S.) of approx. 5 Ibs. per Stroke . ... ... 0.5in total excursion,
sq. in. Impedance. . .... 24 ohms matching
Stroke . ...00. 0.5 in total excursion. (approx.)
Impedance . . ... 8 ohms matching. Frequency Range. . Up to 5,000 c/s.
Frequency Range. Up to 10,000 c/s. Weight of Moving
Weight of Moving System .. ...... 0.5 Ibs. (approx.)
System ....... 0.16 Ibs. Stray Fields .. ... Operating zone less
Stray Fields . ... Operating zone less than 100 gauss.
than 100 gauss. Flux Density . . ... 11,000 gauss.
Flux Density . ... 11,000 gauss. Total Weight.... 70 Ibs.
Weight ....... 26 Ibs. (inc. trunnion)
r T MODEL 8/600

For the vibration of heavy
loads or complete assem-
blies. Has a total force of
approximately - 300 lbs.

DRIVING
EQUIPMENT

Stroke . ...... I in. total

i excursion.
A range of appropriate Impedance . . .. to suit driv-
driving equipments is ing equip-

|

|

|

|

|

|

| available and takes the
| form of High-Power Am-
: plifiers, Stabilised Power
|

|

|

|

|

|

|

ment.
Frequency Range Ljp to 3,000
c/s.
Weight of Moving
6 1b.

|

|

|

|

|

|

I

|

I System....... 5

X (approx.)

| Stray Fields.. . Operating
zone less

| than 25

|

|

I

|

|

|

Supply Units and preci-
sioned R.C. Oscillators
specifically designed to
give continuous power
output to drive the par-
ticular shaker concerned.

gauss.

Flux Density . . . 10,000gauss.
Total Weight .. 4 cwt.

(inc. trunnion) (approx.)
This unit can be fitted with
(a) built in air cooling blower
(b) switch to give high or low
impedance armature coil and
(c)pick-up unit for monitoring
wave form and amplitude.

To GOODMANS INDUSTRIES LIMITED
AXIOM WORKS, WEMBLEY, MIDDX., ENGLAND

Please mail me your catalogue and technical data sheets in
connection with your PERMANENT MAGNET Shakers.

CITY .o ..ZONE... _..STATE. . ... ... sS/uU

MODEL V47 for the vibration of

very light electronic
components, optical-cell research, haire
spring torque testing etc.

Thrust........ Force factor 0.9 Ibs. per amp.
Max. Continuous

Current Rating 1.5 amps.; 2.0 amps. up to
(RM.S.) 2 min. duration.

Stroke . ..oe00n 0.2 in total excursion.
Impedance . . ... Varies with frequency and

load between 3 and 10 ohms.
Frequency Range . Up to 10,000 c/s
Weight of Moving

System........ 6.5 grams.

Stray Fields . ... Operating zone less than
25 gauss.

Flux Density . ... 11,000 gauss,

Weight «.ouou 2 lbs.

Cables:
GOODAXIOM
WEMBLEY, ENGLAND

GOODMANS INDUSTRIES LTD

AXIOM WORKS * WEMBLEY - MIDDX - ENGLAND
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:: Van de Graaff*

« « « ideal radiation source

Zhas
= for

FUNDAMENTAL
and

APPLIED RESEARCH
meets these |

stringent |
requirements |

It produces a béam of any
fundamental particle or radia- |
tion—electrons, x-rays, protons,
deuterons, tritons, neutrons.

Its beam is intense, homogen-
eous, of known energy, and of
predictable direction and di-
mensions. -

Its beam characteristics
stable and controllable
wide range of energies.

. . . mow used in

applicatio

Nuclear cross-seciion

Chentical analysly of
Neutron detiv

Radivactive iy
ey
Sterilization af

® & & & o ® & o o 9 ¥ 0 0 0 0 0

attntlens on the
sion of Van de Graaff
% accelerators in your radiation
ting progrom.

Hica VoLTAGE ENGINEERING CORPORATION

7 UNIVERSITY ROAD

CAMBRIDGE 38, MASSACHUSETTS
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| ence led to an invitation from Glenn T.

Seaborg to join the group working on
plutonium at the University of Chicago.
The only plutonium then existing was
the tiny quantity manufactured in the
University of California cyclotron. Cun-
ningham and his associates were the first
to see a pure sample of the metal; they
isolated and weighed a microgram of it.
When another transuranium element,
americium, was discovered in 1945,
Cunningham purified it also. “It was a
rare thrill,” he says, “to perform the final
steps of this work, to observe the deli-
cate pink color characteristic of solu-
tions of this element, and to know that,
for the moment at least, I was the only
person in the world who knew for certain
what the new element looked like.” Cun-
ningham was born in 1912 in the Terri-
tory of New Mexico a month before it
became a state. Educated at the Univer-
sity of California, he took his doctorate
in biochemistry and stayed in the field
until his wartime work. After the war
he decided to continue in inorganic
chemistry and accepted a position at the
Radiatign Laboratory of the University
of California, where he is now associate
professor of chemistry. In his spare time
he is an amateur geologist.

EDWARD S. DEEVEY, JR. (“The
End of the Moas”) is associate professor
of biology and director of the Geo-
chronological Laboratory at Yale Uni-
versity. He was born in Albany, N. Y.,
in 1914, and developed an early interest
in nature studies and the outdoors
which won him 41 Boy Scout merit
badges and the Boy Scout Nature Prize
in 1928. He studied biology at Yale, spe-
cializing in limnology, the study of lakes,
and took his Ph.D. in 1938. After four
years of teaching at the Rice Institute,
Deevey went to the Woods Hole
Oceanographic Institution to work on
marine fouling for the Navy. Returning
to Yale after the war, he has occupied
himself primarily with the ecology of the
Pleistocene epoch, with excursions into
modern ecology. This year he is doing
lake research in Italy and Denmark on
a Guggenheim fellowship and Fulbright
award. He finds his major relaxation in
scientific field trips, but also enjoys read-
ing and pre-Beethoven chamber music
when forced to stay home. He is married
to a former fellow student who now di-
vides her time between the study of
marine zooplankton and the care of three
children—"“a preschooler plus two comic-
book collectors.” Deevey has written sev-
eral previous articles for this magazine,
the most recent, “Radiocarbon Dating,”
appearing in February, 1952.



Tough armor

for a tractor’s “works”

For rugged castings
that house vital '

tractor transmissions,
FORD looks to
Lycoming for quality |

Dirt “eats” at it . . . feet “stomp” on it . . . tensions
“pull” at it . . . but the Ford tractor’s sturdy transmission

housing protects the ““works” within. For these tough suits volume production.
of armor cast by a metallurgically controlled process,

FORD looks to the skilled hand of Lycoming.

Aircraft Engines

Do you need quality castings in volume . . . or any other Industrial and Tank Engines

of the diversified services listed with our signature? Lycoming’s Engine Overhaul
wealth of creative engineering ability . . . 2}4 million square Generating Units
feet of floor space . . . and 6,000-plus machine tools stand ready Turbine Engineering and Research

Engineering Design and Development
Hardened and Ground Precision Parts
Gears and Machine Parts

to serve you. Whatever your problem . . . look to Lycoming!

Complete Assemblies

Just off the press! “THE LycomInNG SToRrY”” . . . 40 interesting, illustrated Heat-Treating and Plating
pages showing many ways Lycoming is ready to help you. Write for Steel Fabrication .
it on your letterhead. Castings

Boilers

FOR RESEARCH « FOR PRECISION PRODUCTION

[ 3
oo I.gcom ing
DIVISION OF STRATFORD, CONN.

Manufacturing plants in Stratford, Conn., and Williamsport, Pa.
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ONLY A CRYSTAL

Tiny eryntal element, typical of
cryatals supplied by Brush to phono-
graph and pickup manufacturers.
The erystal pickup translates the
groores on a phemograph record inlo
electrical voltages.

can make it crystal-clear

A crystal pickup is the starting point for
true reproduction in most phonographs in
use today. The reasons are simple.

Fine piezo-electric crystals have high output,
vet are feather-light, resulting in minimum
record wear. With crystals, no extraneous
sounds, such as magnetic hum, are introduced
into the system. Crystals can be tailored

to give any desired frequency response,

for standard or high fidelity systems.

A tradition of precision manufacturing

has made Brush the world’s leading pro-
ducer of man-made piezo-electric materials
... used in phonographs and Sonar

systems, in instruments and dictating equip-
ment. Can the application of piezo-electric
elements help you develop or improve
products? Write for a copy of the brochure
“PIEZOTRONICS” which describes the many
functions and uses of these unique materials.
Brush Electronics Company, Dept. B-2,
3405 Perkins Avenue, Cleveland 14, Ohio.

BRUSH ELECTRONICS

INDUSTRIAL AND RESEARCH INSTRUMENTS
PIEZO-ELECTRIC MATERIALS . ACOUSTIC DEVICES
MAGNETIC RECORDING EQUIPMENT

ULTRASONIC EQUIPMENT
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The Brush Development Co.
Brush Electronics Company
is an operating unit of
Clevite Corporation,
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THE COVER

The balance on the cover can weigh
amounts as small as 50 millionths of
a gram (see page 76). Its beam
hangs from a horizontal quartz
thread linked to the large wheel
at right. Atop the beam is a tiny
mirror on which is focused a spot
of light. When the beam tilts by
twisting the thread, it moves the
spot, reflected from the mirror and
a larger one at upper left, on the
glass screen at upper right. To weigh
a sample, the vessel that will con-
tain it is first placed in one pan and
standard weights are placed in the
other. The beam is made level by
turning the wheel. Then the vessel
is removed, the sample put in it, and
the vessel put back. The added
weight tilts the beam and deflects
the spot on the screen; the amount
of deflection is measured by turn-
ing the wheel until the spot is in
the middle of the screen. The bal-
ance was made at the Socony-Vac-
uum Laboratories in Brooklyn, N. Y.
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What do YOU want to protect?

1. $S-T-R-E-T-C-H NYLON FIRST . . . over high heat, to make
nylon fish line that won’t shrink or stretch in use. Compli-
cated temperature control equipment for stretching was
quoted to one manufacturer at $18,000. Instead he’s protect-
ing his product and pocketbook by stretching the line under
a heated die, temperature-controlled by a Fenwal THERMO-
SWITCH®, Saving $17,775.

3. IN BLOOD BANKS, refrigeration and lighting systems must
be kept functioning, regardless of main power failure.
Emergency generators built for these and similar applica-
tions include two Fenwal THERMOSWITCH thermostats —
maintaining the proper operating temperature in generator’s
water jacket . . . for immediate starting and trouble-free op-
eration in any emergency.

2. MILITARY FIRE-FIGHTERS need pumps that are easily port-
able, quick and dependable in operation. Latest development
in this field is the portable gas turbine, now proving itself as a
versatile power source. Fenwal Over-Heat Detectors, de-
veloped for the aircraft field, are the thermostatic units used
to protect the new gas turbine against overheating.

4. VIBRATION TEST EQUIPMENT, reproducing vibration condi-
tions encountered in actual use, is typical of the modern
engineering facilities at Fenwal Fenwal engineers are con-
stantly developing and improving temperature control and
detection devices to help you protect products, processes,
property and people. Perhaps they can help Yol solve a pro-
tection problem. Why not write us? Fenwal Incorporated,
302 Pleasant Street, Ashland, Mass.

ELECTRIC TEMPERATURE CONTROL
AND DETECTION DEVICES

PROTECTING PRODUCTS AND PROCESSES...PROPERTY AND PEOPLE
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Need a lining material

to resist extreme heat?

o —

acids and bases?

mechanical ahrasion?
L

HERE'S A REFRACTORY THAT'S CAST— LIKE A METAL

It’s pure cast alumina . . . very hard, very inert, very nearly impermeable.

And, we might add, very nearly indestructible. This
molten stream is over 98% alumina. As it cools, it will form
tightly interlocked alpha and beta alumina crystals. This
makes a hard, ivory-like structure...with the inherent sta-
bility of pure alumina . .. in a dense, nearly impermeable

body.

It takes a temperature of 3600 F to melt this refractory.
The castings are so hard (hard enough to cut glass like a
diamond) that they outwear metals. And so pure that the
traces of impurities total less than 0.07% —a consideration
if contamination is a factor.

This material has proved itself under the severest condi-
tions. It has tremendous resistance to slags—bozh basic and
acid. It's ideal for use in glass melting tanks, where there’s
extreme heat, corrosive fumes, and a molten bath that has a
huge appetite for linings. It’s used for wear-resistant appli-
cations in the steel industry. There are corrosion-resistant
applications in process industries, etc.

WHY NOT CHECK UP? There must be scores of undis-
covered uses for this comparative newcomer in the refractory
field—and yours may be one. It bears investigating. Use the
handy coupon below.

CARBORUNDUM

Registered Trade Mark

Dept. SA-24, Refractories Division
The Carborundum Co., Perth Amboy, N. J.
[ As a starter, send literature only.

[ I'd like to see this cast alumina. Phone

first, for convenient appointment.
NAME _POSITION
COMPANY_ = @000
ADDRESS____
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Weight for weight,
the world’s strongest material,

now applied to use in planes

and trailers

cmalieped

Hexagonal cells
give strength

Asked to design a trailer for electronic
anti-aircraft equipment, engineers at
Douglas turned to an existing company
product of extreme lightness and great
strength—Douglas Aircomb.

Aircomb is a paper honeycomb which
Douglas makes under a patented process
to be sandwiched between thix sheets of
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Depend on DOUGLAS
[ -

Douglas AIRCOMB

metal, plastic or plywood, thus forming a
board. Result is a structural material
recommended for scores of applications
in aircraft, ships, buildings, furniture,
containers . . . wherever strength with
light weight is important in the finished
product. In Douglas radar trailers it
also provides much-wanted insulation
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to protect delicate equipment from ef-
fects of temperature changes.

Development of Aircomb is evidence of
the progressive engineering that makes
Douglas the aviation industry’s leader.
Better performance with less weight is
always a basic Douglas rule in planes
and other products, too.

’ S w__ First in Aviation
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A Crisis in Science Teaching

In «which the continuing shortage of scientists and engineers

is traced back to the high schools. As their enrollments soar,

the number of qualified science teachers actually decreases

Everyone knows about the shortage
of scientific manpower. The need
for scientists in industry, govern-
ment and the military services is critical,
and all indications are that it will become
more critical in the coming vears. The
focal point of the problem is in the sec-
ondary schools, where the nation’s youth
take the decisions that shape our work-
ing force: what vocation to take up,
whether to go to college, whether to
enter engineering or the liberal arts or to
major in a scientific field. Let us look at
the situation there.

The U. S. has some 25,000 public
and 3,300 private secondary schools,
operated by nearly as many different
school boards. The schools vary in size
from a few score pupils to 5,000 or more.
Half of the 6 million high school students
attend schools which enroll less than 400.

So far as number goes, the secondary
schools offer an immense and rapidly
growing pool of human resources. In the
past 80 years high school rosters have
grown 18 times faster than the popula-
tion. We now face an even sharper rise
due to the soaring postwar birth rate. In
the two years immediately after the war
births jumped from 2.7 million to 3.7
million, and the trend is continuing:
1952 hit an all-time high. On the basis of
these births and of a slowly rising per-
centage of teen-agers who go to high
school, it can be predicted that high
school enrollments will shoot to 9 million
by 1960 and to over 11 million by 1966.

Where will the teachers be found to
handle this increase? The 340,000 teach-
ers in the high schools today are barely

by Fletcher G. Watson

adequate to staff them. Within six years
we shall need 418,000 teachers and by
1966 we shall need 520,000.

If we narrow this down to the specific
case of science teachers, the picture be-
comes truly alarming. The requirement
is expected to rise from 67,000 science
teachers today to 84,000 by 1960 and
100,000 by 1966. Already some 7,000
new science teachers are needed each
year. This demand, based upon replace-

ments as well as new positions, will soon
go to 10,000 a vear. Altogether we shall
require a total of 100,000 new science
teachers between now and 1966.

In the face of this need the sources of
teaching strength are drying up. College
graduations have declined 30 per cent
from the G.I. peak year of 1950. Because
the colleges are still drawing from the
low birth rates of the depression years,
the current figure of 300,000 graduates

PER CENT
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SCORE

DISTRIBUTION OF INTELLIGENCE (in terms of scores on the Army General Classi-
fication Test) for the U. S. population is shown by the black curve; for college graduates,
by the colored curve. The area between the curves at the right represents the part of the
population which is intelligent enough for college work but which does not go to college.
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a year is not expected to increase ap-
preciably in the next five years. Further-
more, the number of persons qualified to
teach has fallen off more than the num-
ber of college graduates. In mathematics
the decrease is 41 per cent, in the other
sciences 48 per cent. Last year fewer
than 5,000 potential science teachers
were graduated, as against the need of
7,000. Moreover, many of these potential
teachers were lost to industry or to the
military services. A recent study in Min-
nesota showed that only 41 per cent of
potential science teachers were actually
employed as teachers in the year after
their graduation. Of all subject areas,
science had the lowest yield to the teach-
ing profession.

Just as serious as the shortage of
quantity is the shortage of quality. There
is no yardstick for measuring the quality
of teachers, but at a minimum we must
expect the teacher to know the subject he
is teaching. We find in the first place that
the state requirements are far from exact-
ing. In 29 states a person can be licensed
to teach science on the basis of study in
just one science subject. Thirteen other
states have rather specific course require-
ments. Only five states require study in
comprehensive fields such as the physical
or biological sciences.

There has been no nationwide survey
of the actual backgrounds of teachers en-
gaged in teaching science, but a con-
sistent picture emerged from studies
made in eight states and from a nation-
wide sampling of biology teachers. The
states were Alabama, California, Massa-
chusetts, Minnesota, Nebraska, Pennsyl-
vania, Texas and Utah. A considerable
number of the persons teaching science
in secondary schools in those states were
not certified to do so: about 20 per cent
of all the high school teachers taught one
or more science courses, but apparently
only half of them were qualified in
science. Of those certified in science,
many had only meager training in it. A
fairly large proportion had prepared in
just one science. Teachers of general
science tended to have less training than
those teaching special subjects. At the
other extreme, many of the science
teachers in those states had done gradu-
ate work in science and education. In
general, science teachers in large schools
tended to be better prepared than those
in smaller ones.

How do teachers with so little equip-
ment to teach science as some of these
have get into the classroom? One loop-
hole is the “life certificate,” which allows
old teachers licensed many years ago to
teach subjects in which they have had no
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college instruction. The other is the gen-
eral secondary school certificate granted
in a number of states, which permits an
individual to teach in any subject area
irrespective of his training. Athletic
coaches and physical-training instructors
are commonly used as part-time science
teachers, though they often have less
than the minimum background. Such
makeshifts have been increased by the
shortage of new science teachers, which
has forced many school administrators to
shift teachers from social studies or Eng-
lish, where replacements are available, to
science classes. Although many of these
teachers are acutely aware of their de-
ficiencies, they have no escape.

For want of a few thousand competent

new science teachers each year,
science instruction in our schools must
either be curtailed or become such a
caricature of teaching as to bore or repel
promising students. It is clear that if the
shortage of scientists and technically
trained people in the U. S. is to be solved,
the first requirement is a joint effort of
all concerned to encourage and train
competent young people to become
science teachers.

Certain myths need to be dispelled.
One of the commonest, carried over from
our memories of college instruction, is
that a high-school science teacher
teaches only science or only one science
subject. Actually only half of the people
teaching science in secondary schools do
so full time. The other half teach at least
one course in some other area of learn-
ing. Philip A. Johnson, formerly of the
U. S. Office of Education, wrote in
1950: “Fragmentation of science teach-
ing by the assignment of several teachers,
each serving only one or two science sec-
tions, often results in the read-about,
talk-about type of science teaching de-
plored by school leaders and tolerated by
the pupils. . . . The large number of part-
time science teachers . . . suggests that
division of responsibility may be the
most serious weakness of our science
teaching enterprise.” As school enroll-
ments rise, administrators will have in-
creasing opportunity to correct this by
scheduling science teaching as the full-
time responsibility of a few well-trained
teachers.

Most of the full-time science teachers
today teach more than one science. A
study in Illinois in 1946 showed that 61
per cent of biology teachers, 98 per cent
of chemistry teachers and all physics
teachers taught other subjects as well.
Similarly, a study in New York found
that 53 per cent of all science teachers



had three or more different science sub-
jects to prepare each day. Similar results
were reported in Minnesota and Utah.
Furthermore, the subject assignments
often changed from year to year.

This means that science teachers
should have at least some preparation in
each of the major sciences. The narrow
specialization often required by colleges
is especially undesirable in the prepara-
tion of science teachers. Breadth of study
must be obtained even if it means sacri-
ficing so-called depth. Fortunately a
growing number of states require five
years of preparation for high school
teaching, and future teachers may be
able to obtain both breadth and depth
in one or more fields. Already some five
states require this longer preparation for
the high-school certificate.

Another myth is that teaching is an
easy job. Besides the 23 to 25 hours a
week they spend in classes, teachers have
a multitude of other school duties, in-
cluding work with individual pupils,
grading papers, taking care of laboratory
equipment, preparing new instructional
material and keeping informed in their
fields. Up to 40 per cent of science teach-
ers work under the handicap of having
no permanently assigned room, so that
they must move their material from room
to room. A National Education Associa-
tion study showed that the average
teacher puts in 48 hours a week on school
work. Only 21 per cent of the sample in-
terviewed reported less than 40 hours,
while 22 per cent reported more than 55
hours per week.

Considering the meager rewards of

teaching, either social or financial,
one wonders why anyone chooses to be-
come or remain a teacher. Last year the
average income of all teachers in the U.
S. was $3,530 per year. In 1938 teachers
were in the top third of the income
groups of the country: by 1948 they had
dropped into the bottom third. To make
ends meet many teachers must carry
extra jobs during the school year and
take unskilled or semi-skilled work dur-
ing the summer.

Fortunately there are competent peo-
ple who “just have to teach,” whatever
the rewards, and they form the backbone
of our educational system. But that is not
enough. Teaching in science has become
increasingly important as our society
has become more technical and more
wealthy through the fruits of science. It
will take serious, thoughtful and cooper-
ative efforts by all concerned—educators,
parents, industry and government—to
meet the needs in science education,
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THE RABBIT PLAGUE

It 1s the strange virus disease myxomatosis. In Australia,

where the animals are destructive pests, it 1s

i Europe, where they are cherished game. it s

which in the spring clothes hillsides

- with a superb purple mantle. Known
to botanists as Echium plantigineum, it
was originally imported from the Medi-
terranean area. Australians have come to
regard this plant with conflicting feel-
ings. In certain arid areas where other
fodder plants fail, country folk call it
“Salvation Jane” (the flower looks like a
Salvation lass’s bonnet). In other areas,
where it crowds out more valuable
plants, it is called “Paterson’s Curse.”

It is with just such diametrically op-
posed feelings that different parts of the
world now look upon the two-edged
phenomenon which is the subject of this
article—the deadly infectious disease of
rabbits called myxomatosis. Introduced
deliberately in Australia three years ago,
it has swept rapidly over immense areas,
causing great epizootics among rabbits.
In Australia the disease is hailed as a
measure of salvation which is ridding the
continent of its major pest; in Europe,
where it broke out in 1952, it is viewed as
a malevolent killer which threatens to
wipe out a favorite food, game and labo-
ratory animal.

Myxomatosis gets its name from a
symptom which identifies the infection:
the word means slimy tumor. It is a
virus disease, and a most peculiar one.
The virus is dangerous to only one ani-
mal in the entire animal kingdom, but
for that species it is nearly 100 per cent
lethal. The vulnerable species is the
common European rabbit (Oryctolagus
cuniculus) which is so well known as a
backyard pet, as the principal game ani-
mal of France, as a source of meat, furs
and fur felt and as an experimental sub-
ject in biological laboratories all over the
world.

To understand the origins and com-
plex epidemiology of this disease, we

In southern Australia there is a plant
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need to consider first its rabbit hosts.
Only two of the eight genera of the
rabbit family concern us here. They are
the genera called Sylvilagus and Oryc-
tolagus. Sylvilagus is an American genus,
and like the European rabbit it is sub-
ject to infection by the myxoma virus.
But in this genus the disease is not at all
lethal. The principal natural host of the
virus is the Brazilian wild rabbit Sylvila-
gus brasiliensis; in this species the in-
fection is wholly benign, producing tu-
mors but no sign of any hampering ill-
ness. The cottontail rabbits of North
America also are members of the Syl-
vilagus genus, and they too harbor the
disease in a benign form. Very likely
these rabbits serve as a permanent reser-
voir of myxomatosis in the West Coast
states, where it occasionally breaks out
among European rabbits in commercial
rabbitries.

he disease was first discovered in

Uruguay in 1896, when the Italian
bacteriologist G. Sanarelli was beset by a
strange new affliction which slaughtered
his European laboratory rabbits at the
Hygiene Institute in Montevideo. He de-
scribed the disease and named it in-
fectious myxomatosis. He also surmised
correctly that it was caused by a virus.
During the succeeding 50 years sporadic
outbreaks of the infection were reported
in several localities in Brazil, in Mexico,
in San Diego, Calif., and in various other
places on the West Coast where Euro-
pean rabbits were bred. Strange to say,
in Uruguay, where the disease was dis-
covered in 1896, it was not detected
again until 51 years later.

In 1942-43 H. de Beaurepaire Aragfo
of the Oswaldo Cruz Institute in Rio de
Janeiro established two important facts
about the natural history of myxomatosis.
He demonstrated (1) that the native
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Sylvilagus rabbit of Brazil harbored the
virus, and (2) that mosquitoes could
transmit the infection from these rabbits
to European rabbits.

The myxoma virus has recently been
isolated and observed under the electron
microscope, and we have been struck by
its close resemblance to the pox viruses—
vaccinia, fowlpox and so on. The ele-
mentary bodies of both the vaccinia and
the myxoma virus have a brick-like
shape, are the same size and have a simi-
lar internal structure. It may be that just
as the Sylvilagus rabbit is the New
World equivalent of the Old World
Oryctolagus rabbit, so the myxoma virus
is the New World equivalent of the
mammalian pox viruses of the Old
World.

The effects of the infection upon Eu-
ropean rabbits have been investigated by
intradermal inoculation of them with a
standard dose of about 10 infectious par-
ticles of virus—conditions which approxi-
mate the natural method of infection by
a mosquito bite. Three or four days after
the inoculation a small red, hard spot
appears on the rabbit’s skin at the site
of the injection, and the spot daily in-
creases in size. On the fifth day the rab-
bit’s eyelids begin to redden and swell;
eventually the eyes are completely
closed, with a copious discharge running
from the conjunctiva, and the whole face
is swollen. Meanwhile the loose tissue in
the anogenital region also swells rapidly,
and if the animal survives long enough,
the typical gelatinous tumors break out
all over the surface of its body. Usually,
however, the animal dies before the in-
fection has spread that far. After the
seventh day it becomes dopey and drow-
sy; its respiration and pulse rate slow
down, and death commonly occurs on
the ninth or tenth day.

The spread of the virns through the



SWARMING RABBITS drink from a waterhole in Australia. certain areas where the rabbit population was destroyed by myxo-
Their effect on vegetaiion may be gauged from the fact that in matosis, the production of wool increased from 10 to 15 per cent.

DEAD RABBITS are left in the open in Australia so that rabbits. Sick rabbits can spread the disease to healthy ones by
mosquitoes may propagate the myxoma virus among healthy contact, but mosquitoes are the principal agent of transmission.
31
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rabbit’s body follows a regular course:
from the site of inoculation to the re-
gional lymph node, then to the blood,
the spleen and the lungs and finally to
the skin in parts of the body distant from
the inoculation site. In other words,
myxomatosis spreads in the same fashion
as the pox diseases, except that in the
late stages the rash takes the form of
multiple tumors.

As for the transmission of the disease
from one animal to another, there is no
doubt that in nature the mosquito is by
far the most important carrier. Rabbits
can be infected with the virus, with some
difficulty, through the oral or respiratory
route, and they readily pick it up
through intimate contact with infected
rabbits, but the great epizootics of the
disease have been disseminated mainly
by mosquitoes.

Aragio concluded that mosquitoes do
not incubate the virus but merely trans-
fer it mechanically from one animal to
another, as they do fowlpox. Our more
detailed studies with M. F. Day at the
Australian National University in Can-
berra have fully borne out his view.
From the standpoint of its performance
in transmitting the virus, the mosquito
can be regarded as a flying pin. When it
thrusts its proboscis into the virus-laden
cells of an infected rabbit’s skin, the
“pin” picks up virus, and it passes on the
disease when the mosquito probes or
feeds on other rabbits. Since the virus
does not multiply in the mosquito, the
insect is most infective immediately after
it has fed on an infected rabbit; as the
virus becomes inactive or is wiped off
the mosquito’s proboscis on plants or ani-
mals other than rabbits, the power to in-
fect declines. The fact that the virus can
be transmitted in this mechanical fash-
ion means, of course, that any insect
which bites rabbits can spread the dis-

MYXOMA VIRUSES are enlarged 33,500
times by this electron micrograph. The vi-
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ease among them. Rabbits may, in fact,
be bitten by other insects.

Two things made the myxoma virus an

ideal instrument for controlling the
rabbit nuisance in Australia. In the first
place, this virus apparently does not
harm any other animal. Extensive inves-
tigations have proved that it will mul-
tiply only in the two species of rabbits
mentioned above—the common Euro-
pean rabbit and the wild Sylvilagus
rabbit of Brazil—and in developing em-
bryos of the chicken and the duck. In
the second place, the disease is amazing-
ly lethal to the European rabbit, Oryctol-
agus cuniculus. One investigator has
said that every last rabbit of 2,000 he
had infected in the laboratory died of the
disease, and others have reported that
only two or three of hundreds exposed
in their experiments recovered.

The European rabbit, imported as a
game animal, became established in
Australia about 1860. Within the next
20 years it multiplied so prolifically and
spread so widely over the continent that
in 1887 the government of the colony of
New South Wales offered a reward of
25,000 pounds for any method which
would exterminate the rabbits. Louis
Pasteur took an interest in the problem,
and he proposed to attack -the rabbits
with the chicken-cholera bacillus. The
Australian quarantine authorities vetoed
the proposal, however, because the ba-
cillus is pathogenic to domestic animals
and birds.

The first to suggest the myxoma virus
was the Brazilian investigator Aragio;
he put the suggestion forward in a paper
on myxomatosis in 1918. The Australian
authorities were interested and made a
few preliminary experiments, but they
deferred any extensive test of the idea
until experiments should determine

rus particles are shadowed with uranium.
They resemble the pox viruses in structure.
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whether the virus would be harmful to
other animals. Such experiments were
carried out between 1933 and 1937 by
Sir Charles Martin in England and by
Lionel B. Bull in Australia. When they
found that only European rabbits and
developing chicken embryos were sus-
ceptible to the virus, it was tested in
limited colonies of rabbits and then in
several large-scale field trials in semi-
arid areas of South Australia. These
proved that the virus was indeed excep-
tionally virulent for the rabbits, but the
disease failed to spread among the rabbit
populations and soon died out.

In 1950 a further series of trials was
carried out in the well-watered Murray
Valley, in three different sites, under the
direction of F. N. Ratcliffe, the officer-
in-charge of the newly created Wild Life
Survey Section of the Commonwealth
Scientific and Industrial Research Or-
ganization. These trials started in May,
1950, and were completed in December,
1950. Again the experiment seemed to
result in failure; at the end of the trials
the rabbit population in this locality was
much larger than at the beginning. For
example, at one of the sites, an area of
13 acres which a daily sight count
showed to be populated by something of
the order of 900 rabbits, 66 rabbits were
captured, inoculated with myxoma virus,
and released. A number of rabbits in the
area caught the infection and died. But
within a month and a half the disease
appeared to have died out, and the popu-
lation count had risen to 1,000.

T he authorities in Australia were pretty

well convinced at this point that the
disease would not spread well enough
under natural conditions to justify its
employment in rabbit control. However,
on December 20, five days after the rab-
bit population count just mentioned, a
telephone call was received which com-
pletely altered the complexion of affairs.
A farmer at Balldale, 15 miles from one
of the trial sites, had seen many sick rab-
bits with greatly swollen heads on his
property. In the next few weeks reports
poured in from all over the Murray Val-
ley, and by the end of March, when the
summer outbreak was over, infected
rabbits had been found over an area
totalling some 500,000 square miles
along the waterways of the Murray-
Darling system. In the winter season
between May and November, 1951,
there were sporadic cases of myxoma-
tosis over the whole of this area and a
few localized epizootics. With the onset
of hotter weather in November, another
widespread series of outbreaks occurred,
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SPREAD OF MYXOMATOSIS is depicted by this map. The virus was released near the border of
Victoria and New South Wales in 1950. The deepest-colored areas indicate the extent of the epizootic of
1950-51; the lighter-colored areas, the further extent of the epizootic of 1951-52; the lightest-colored areas,
the still further extent of the epizootic of 1952-53. The disease has now spread to all parts of southeast-
ern Australia in which rabbits have been found. Most of this information was furnished by F. N. Ratcliffe.
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this time extending to the dry country
away from the rivers. By the summer of
1952-53 the disease had spread through-
out southeastern Australia wherever
there were enough rabbits to support an
epizootic.

Obviously it is impossible to obtain
accurate data over an area of half a mil-
lion square miles, much of it uninhabited
by man. But sampling surveys indicate
that after the third summer an estimated
original rabbit population of 500 million
had been reduced to 10 or 20 per cent
of that figure.

Officers of the Wild Life Survey Sec-
tion of the Commonwealth Research
Organization in collaboration with my
laboratory have carried out precise ob-
servations at two sites. I shall describe in
detail the results at one of these—Lake
Urana, about 50 miles north of the Mur-
ray River. This lake of about 18,000
acres, usually dry, is surrounded by
sandhills that have been extensively
colonized by rabbits, for the lake pro-
vides them with an oasis. The first great
epizootic of 1950-51 did not affect the

rabbits at Lake Urana. During Septem-
ber and October in 1951 we inoculated
hundreds of the rabbits in the sandhills
with myxoma virus. In October the dis-
ease began to spread, and during the
following month there was a catastroph-
ic fall in the rabbit population, the
counts in one sample area falling from
5,000 to 50. In the ensuing winter the
small relict population commenced to
breed, and by the following October
there had been a natural increase from
50 to 550 in the sample area.

Analysis of the blood of survivors of
the November, 1951, outbreak showed
that among the survivors only 30 per
cent had actually been infected. No
serological evidence of infection of
young rabbits born during the winter
was found. In October, 1952, the popu-
lation of 550 could be roughly divided

into 500 young susceptible rabbits and’

50 survivors of the previous outbreak.
During this month another outbreak oc-
curred, and there was once again a rapid
fall in the population. All of the 70 to 90
survivors of this outbreak were found to
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have been infected. In other words, the
mortality rate had dropped—from 99.8
per cent of those infected in the 1951
epizootic to 92 per cent of those in the
1952 outbreak. This seems to have been
generally true of myxomatosis epizootics
in southeastern Australia: in later out-
breaks more rabbits appear to recover
and those that die take longer to do so.

Since the effectiveness of this method

of rabbit control depends primarily
on the maintenance of a high mortality
rate, it is important to try to understand
the significance of the decline in the
mortality rate observed at Lake Urana.
It may be due to a number of factors,
acting alone or in combination. We know
that rabbits which have recovered from
one infection have a high degree of im-
munity to a second, but ‘this was of no
importance at Lake Urana, because few
survived. Laboratory studies have shown
that maternal antibodies give young rab-
bits some immunization against myxo-
matosis, but again this was of little im-
portance at Lake Urana, owing to the
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different times of the year during which
breeding and epidemics occurred there.

Other possible explanations are being
explored. One is that the hereditary re-
sistance of the rabbit population may
have been raised by the drastic selection
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of the more resistant individuals for sur-
vival. Another is that hot spells in the
desert may fortify the rabbits’ resistance,
for it has been shown that prolonged ex-
posure to high temperature makes the
animals more resistant to myxomatosis.

DECEMBER

MYXOMATOSIS DECLINES in the absence of mosquito transmission. In this Australian
experiment 66 rabbits were inoculated with the myxoma virus. The first peak on the chart
shows the first “generation” of sick rabbits. The succeeding three generations were infected
by the first. The second, third and fourth peaks show the rapid decline of the disease.
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MOSQUITO TRANSMISSION of myxoma-

tosis is demonstrated by population counts

that were made at Lake Urana in Australia
during the epizootics of 1951-52 and 1952-53.
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But there is no real evidence on these
(uestions as yet.

So far the .only factor that has been
shown to be important in reducing the
mortality rate among the Lake Urana
rabbits is a loss of virulence in the virus.
Most of the strains of myxoma virus
isolated from infected rabbits in south-
eastern Australia have proved to be less
virulent than the original laboratory
strain. At Lake Urana the attenuation of
the virus has been proved by the fact
that the descendant viruses take longer
to kill rabbits into which they are in-
oculated.

A summary of the position, then, is
that some attenuation of the myxoma
virus seems already to have occurred,
but the virus is still fatal to 90 per cent
of the infected rabbits. Changes in the
genetic resistance of rabbits may be
anticipated but have not yet been
demonstrated. In certain circumstances
we can expect active or passive immu-
nity to become an important feature.
Nevertheless there are good reasons, I
think, for expecting the virus to control
rabbits effectively in southeastern Aus-
tralia for a number of years at least. In
any case, long-term observations on the
rabbit, the virus and the vector have
been planned, and within a few years we
should be able to get some idea of the
rate and manner of evolution of a virus,
its host and the disease.

l will now comment briefly on the re-

cent epizootics of the disease in
France. Control of the rabbit by micro-
bial parasites has a long history in
France, for Pasteur used the chicken-
cholera bacillus to kill off rabbits on the
estate of Madame Pommery in 1880. In
1952 microbiologists duplicated Pas-
tew’s achievement, now using the
myxoma virus. Unfortunately this time
the microbial parasite failed to stay with-
in the estate on which it was liberated.
In the winter of 1952-53 myxomatosis
broke out in a number of areas in France,
and last summer the disease spread over
the country with much the same rapid-
ity and destructiveness as it had in south-
eastern Australia. It is, of course, unlike-
ly that the disease will recognize politi-
cal boundaries, and cases have already
been reported in Holland, Belgium and
England.

To check the diseas® investigators are
searching for a vaccine against the
myxoma virus. In 1932 Richard Shope
of the Rockefeller Institute for Medical
Research discovered a rabbit virus
which produces a benign infection, char-
acterized by the development of a fi-



brous tumor at the injection site, and
which protects European rabbits against
myxomatosis. But in vaccination tests
with Shope’s original strain we found
that it gives complete protection for only
one week and partial protection for only
five months. Recently we have experi-
mented with another strain of the same
virus, the Boerlage strain, and this has
given much better results: all but one
animal in a group of rabbits vaccinated
12 months ago are still resistant to myxo-
matosis.

‘However, the immunizing virus will
not be effective in protecting a wild rab-
bit population unless it is spread nat-
urally among them by mosquitoes. There
is some hope of this, for Lawrence Kil-
ham of the National Institutes of Health
in the U. S. has just reported that mos-
quitoes do transmit the harmless virus
among cottontail rabbits; on the other
hand, Day in Australia has been unable
to transfer the Boerlage strain among
European rabbits by mosquito bite ex-
cept in very rare instances.

I do not doubt that hunting clubs in
Europe will watch closely experiments
now being conducted by the Animal
Genetics Section of the Commonwealth
Research Organization on the inheri-
tance of innate resistance to myxomatosis
among European rabbits. Or perhaps
they might consider the possibility of
importing to Europe the resistant Ameri-
can cottontail rabbit. If so, it is to be
hoped that the Australian experience of
the introduced animal becoming a pest
would not be repeated, for there would
then be no “Salvation Jane.” And the
establishment of a species such as Syl-
vilagus brasiliensis in Europe would en-
sure the permanent presence of enzootic
myxomatosis which would escape every
now and again from the wild to the
domestic rabbit population.

r]‘v he great current interest in myxoma-

tosis may well stimulate virologists
and epidemiologists in America to study
some of the unsolved problems of the
natural history of the disease in that con-
tinent. What, for instance, was the origin
of the two outbreaks in 1896 and 1947 in
Uruguay, which has no native rabbits?
What is the natural reservoir of the dis-
ease in the western U. S.? It should be
relatively easy to determine this by
serological research. Has myxomatosis
had any influence in limiting the spread
of wild European rabbits in South Amer-
ica? The answers to these questions
might allow reasonable forecasts of the
future behavior of myxomatosis in both
Australia and Europe.

top picture the inoculation is prepared by mixing dried virus powder and saline solution.
In the middle picture a rabbit is inoculated. In the bottom picture rabbits are released.

© 1954 SCIENTIFIC AMERICAN, INC

35



A Family of Solar Eclipses

On June 30 the moon will blot out the sun on a path from Nebraska

to Pakistan. This eclipse is one of a series lasting for 13 centuries,

thereby illustrating the complex motions of the earth and the moon

n Wednesday morning, June 30,
O 1954, residents in parts of Ne-
braska, Iowa, South Dakota and
Minnesota will awaken to see an almost
black sun rising in the east. It will come
over the horizon under total eclipse by the
moon. In the U. S. the sight of the eclipse
will be reserved for those in the shadow’s
path who are up at sunrise on the ap-
pointed day. For the moon’s shadow does
not linger, and the whole show will be
over here before breakfast time. Racing
over the earth at a speed far outstrip-
ping the fastest rocket plane, the great
spot of the moon’s umbra will dash east-
ward across Canada and Labrador, touch
the southern tip of Greenland, just miss
Iceland, sweep across the Faeroe Islands,
Norway, Sweden, the U.S.S.R. and Pak-
istan, and swing off the earth into space
just beyond the Khyber Pass. The shad-
ow will have covered a course of nearly
9,000 miles in two and three quarters
hours. In the successive time zones it
will span all the terrestrial daylight
hours: the Faeroe Islanders will get their
eclipse at high noon, and the Pakistani
will see a black sunset.

The moon and the earth each wears a
long, black dunce’s cap of shadow where
the light of the sun never shines. When
we ourselves enter the earth’s shadow,
we call it night. As this happens every
evening at sundown, we are apt to over-
look the fact that sunset is the beginning
of a long total eclipse of the sun. In any
case man has always been far more in-
terested in the eclipse of the sun by the
moon—one of the greatest spectacles that
nature offers. During the short period of
a total eclipse bright stars may appear
in a dusky sky, and we get a look at the
faint but impressive corona that extends
for hundreds of thousands of miles from
the sun. The corona is always there, but
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it is visible to the naked eye only when
the sun’s brilliant disk is obscured.

The coming eclipse is interesting in
several ways. It will be the last oppor-
tunity during the 20th century to see a
total eclipse of the sun over any substan-
tial part of the U. S.; the only others
that will touch this country will be one
in Maine in 1963, a second in Florida
in 1970 and a third that will flick the
Pacific Northwest in 1979. This year’s
eclipse will be of more than average
duration; in some places along the
center line of the shadow path totality
will last two and a half minutes. Resi-
dents of Minneapolis and St. Paul will
see the total eclipse for 89 seconds, start-
ing just before 5:08 a.m. Central Stand-
ard Time. The zone of totality will begin
in Holt County, Nebraska, where the
eclipsed sun will rise at 5:07 a.m. In
Pakistan, where it ends, the black sun
will set at 7:24 p.m. on this June day.

A point of special interest is that the
coming eclipse is a member of a family
of eclipses which in the 20th century
has become very much a U. S. family—
it will be the third total eclipse in this
family to favor us with a visit since
1900. That eclipses run in families may
not be widely appreciated, and it is both
interesting and instructive to look into
the family album of this particular
eclipse.

he ancients imagined that eclipses

were due to a dragon lurking in the
sky which, at any time, might swallow
all or part of the sun, fortunately to dis-
gorge it again. To this day the symbols
for the ascending and descending nodes
of the moon’s orbit (the points of inter-
section with the plane of the earth’s
orbit around the sun, where eclipses may
occur) are £ and U, which are said to
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represent the jaws of this mythical
dragon.

Seeking some way to predict eclipses,
ancient astronomers looked for regulari-
ties or cycles in their arrival, and they

SOLAR ECLIPSE OF JUNE 30 will begin
in the U. S. and end in India. The totally
eclipsed sun will rise in Nebraska. Its path
(heavy black line) will cross parts of Iowa,
South Dakota, Minnesota, Wisconsin, Mich-
igan, Canada, Greenland, Norway, Sweden,
Poland, the USS.R., Iran and Afghanistan.
It will set in Pakistan. The first of the three



found only one that stood up in the long
run. This cycle, probably known to the
Chaldeans as early as 3,000 years ago,
was called the saros. It is a period of 223
new moons, or 18 years and 10 or 11
days. After each such interval there is
an unusually close repetition of the rela-
tive positions of the sun, earth and moon,
assuring an eclipse. If an eclipse occurs
on a certain day, it is virtually certain
that a “related” eclipse will come at
about the same latitude on the earth just
18 years, 10% days later. The one third of
a day beyond an even number means
that the eclipse will start about a third of
the way around the earth westward.

To see why all this is so we must con-
sider the three conditions necessary for
an eclipse. First, and most important,
the moon must cross the line between
the earth and the sun, and this can occur
only at the time we know as new moon—
the phase when we cannot see the moon
because we face its dark side. It comes
every 29.5396 days, and the period is

called the synodic month: it measures
the time of the moon’s regular trip
around the earth to overtake the sun.

If the moon’s orbit were in the same
plane as the earth’s around the sun, we
would have an eclipse of the sun every
month. However, the plane of the moon’s
orbit is tilted about five degrees from
that of the earth’s orbit. The points of in-
tersection of the two orbits are called the
nodes. The second condition for an
eclipse, then, is that the moon must be
at or close to such a point of intersection.
The moon returns to the same node every
27.2122 days, and this period is called
the nodical month.

When new moon coincides with the
moon’s crossing of a node, we see an
eclipse, provided we are standing at a
spot on the earth where the moon is in
our line of sight to the sun. But whether
we will see a total eclipse or only an
“annular” one (with the moon covering
just the central part of the sun) depends
on still a third condition, namely, the

distances of the moon and sun, which
govern the length of the moon’s shadow.
The chance that the shadow will be long
enough to reach the earth rests upon a
third kind of month and upon the time
of year. Let us examine the effect of the
time of year first. On January 1, when
the moon and earth are farthest from the
sun (93 million miles) the moon’s shad-
ow is 228,000 miles long; on July 1,
when the earth and moon are closest to
the sun (91 million miles) the shadow
is 236,000 miles long. More important,
however, is the variation in distance be-
tween the earth and the moon: it ranges
from 218,000 miles to 248,000 miles.
From this it is easy to see that the moon’s
shortest shadow may fall as much as
20,000 miles short of the earth’s surface
when the moon is at apogee- (farthest
away). Only about 40 per cent of all
central eclipses of the sun by the moon
are total. For a total eclipse the moon
must be somewhere near perigee (its
closest approach to the earth), and this

lines that loop down from the upper left indicates the points at
which the end of the eclipse can be seen at sunrise; the second,
the points at which the middle of the eclipse can be seen at sun-
rise; the third, the points at which the beginning of the eclipse can
be seen at sunrise. Conversely the first of the three lines that loop
down at the lower right indicates the points at which the end of
the eclipse can be seen at sunset; the second, the points at which
the middle of the eclipse can be seen at sunset; the third, the points

at which the beginning of the eclipse can be seen at sunset. The
lines running more or less parallel to the path of the totally
eclipsed sun indicate the zones in which the sun will be only part-
ly eclipsed; the numbers at the ends of these lines indicate the
degree of obscuration. The northern limit of the partial eclipse is
not shown. This map is adapted from the pamphlet “Total Eclipse
of the Sun, June 30, 1954”; Supplement to the American Ephem-
eris, 1954; United States Naval Observatory, Washington, D. C.
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SUN'S
APPARENT

ORBIT
1720 1738 1756 1774 1792 1810 1828 1846
ORBIT OF THE MOON is inclined to the apparent orbit of the node, of the two orbits. The sun and moon move eastward among
sun at an angle of five degrees. The disk of the moon covers that the stars, but the moon overtakes the sun. The point of overtaking
of the sun only when the moon is close to the intersection, or moves westward one moon diameter each saros, or about 18 years.
DESCENDING NODE 2351
-

SUN'S APPARENT ORBIT

MOON'S ORBIT

O
ASCENDING NODE

POSITION OF THE MOON regresses with each succeeding saros sphere to the Northern. The family of eclipses discussed in this

until it has erossed the node (see illustration at top of page). This article began at the South Pole in 1179, crossed the Equator in
causes the shadow of the moon to move from the Southern Hemi- 1774 and will last touch the earth at the North Pole in 2351.
, : k— DISTANCE TO MOON 218,000 MILES —— ———>
K—————————18,000 MILES Sie— 8,000 MILES —>|

i :
: i .o
K<—8,000 MILES—>K 20,000 MILES >
' K————DISTANCE TO MOON 248,000 MILES —— ———>

DISTANCE OF THE MOON from the earth varies from 218,000 “smallest” sun may extend 18,000 miles beyond the earth’s sur-

miles (arrow at upper right) to 248,000 miles (arrow at lower face (upper left). Shadow cast by “smallest” moon illuminated by
right). Shadow cast by the “largest” moon illuminated by the “largest” sun may fall 20,000 miles short of the earth (lower right).
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comes at intervals of 27.5546 days,
called the anomalistic month.

he saros marks a fortunate agree-
- ment between all three of these cyclic
elements. Two hundred twenty-three
synodical months are almost exactly
equal to 247 nodical months and 239
anomalistic months: the three intervals
amount to 6585.32 days, 6585.36 days
and 6585.54 days, respectively. At this
interval, century after century, the new
moon arrives at the same node, and
somewhere on the globe people can see
an eclipse. A series of such eclipses, sepa-
rated by the saros, is called a family. Old
families eventually die, because the three
cycles making up the saros do not coin-
cide exactly, but new ones are constant-
ly being born. It is impossible for the
new moon to “sneak by” the nodes of its
orbit more than six times in succession
without obscuring at least part of the
sun. For this reason there are never few-
er than two solar eclipses in a year, and
often there are three or four. Each be-
longs to a family: 18 years and 10 to 11
days later the new moon will come to
the same node. This means that at any
one period in history there are always
more than 36 families of eclipses; over
the centuries the number has not fallen
below 39 and has risen as high as 48.

he family to which the eclipse of next

June 30 belongs is one of 40 now
periodically visiting the earth. We can
follow this family from its birth nearly
900 years ago to its death four centuries
hence. (How many human families can
trace their genealogies through 13 cen-
turies?)

The first member of the family made
its appearance as a small nick in the sun,
which would have been visible only near
the South Pole, on March 10 in the year
1179—more than seven centuries before
the first human exploration of Antarctica.
Every succeeding saros the moon edged
a little closer to dead center of the de-
scending node of its orbit and took a little
bigger bite out of the sun. Then in 1323
came the first member of the family
which was in any sense an adult; per-
haps it would be better to call it adoles-
cent. In that year the moon came direct-
ly between the earth and the sun, but
the tip of its shadow fell a few thousand
miles short of the earth. If there were any
prehistoric venturers on the wintry
Antarctic seas, they may have been
startled to see the annular eclipse on that
June 4 of 1323. The sun was a brilliant
ring surrounding a jet-black center.

The annular eclipses continued saros

DIAMETER OF THE MOON from the earth varies by 13.5 per cent. Diameter of sun
varies by 3.5 per cent. When “largest” moon is in front of “smallest” sun, a total eclipse
occurs (left). When “smallest” moon is in front of “largest” sun, eclipse is annular (right).

SHADOW OF THE MOON in the middle of the eclipsecon June 30 will touch the earth
at a latitude of 62 degrees north. The angle of the shadow will be 51 degrees. The umibra.
or shadow of total eclipse, is in black; the penumbra, or shadow of partial eclipse, in gray.

after saros for nearly 500 years, and the
family seemed to have settled down into
mediocrity. Twenty-eight generations
showed little change, except that each
eclipse came a bit farther north on the
earth. In 1774 it crossed the Equator
and entered the Northern Hemisphere.

As time went on, the tip of the moon’s
shadow came closer and closer to the
earth on each return of the family; the
saros was approaching a coincidence
with the perigee cycle. By 1828 the
shadow had grown barely long enough
to reach the earth and there was a total
eclipse in part of its path. Since 1864
the shadow has painted a stripe of dark-
ness across the earth from its beginning
to its end, from sunrise to sunset. And
each eclipse has lasted for a longer time
as the shadow has covered a broader and
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broader band. The 1864 eclipse “wasted
its sweetness on the desert air” of the
Pacific Ocean from Borneo to Lower
California; only a few islanders and voy-
agers in the Pacific saw it. The next one,
on May 17, 1882, rode across the Sahara
Desert, the Isthmus of Suez, Arabia and
the breadth of Asia, ending in the Pacific
not far south of Japan. ‘
Then in 1900 the family paid its first
visit to the U. S., sweeping across sev-
eral southern states. It came again, rac-
ing over the country from the Northwest
to the Southwest, in 1918. In 1936 the
next of the family favored the U.S.S.R.
The 44th member of the family will re-
turn to the U. S. next June. The family
has passed maturity and is beginning to
decline, but its old age will be trium-
phant. It will brush the earth with six
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more total eclipses before the tip of the
shadow swings off beyond the North Pole
after 2044. Then a long series of partial
eclipses will follow, and the family will
finally die about the year 2351. But a
century before that a new family will
have been born near the South Pole and
begun to pursue it northward up the
globe, each member of the new family
following just one month after a mem-
ber of the dying family. (A family of
eclipses which occurs at the descending
node of the moon’s orbit moves north-
ward; at the ascending node, south-
ward.)

The exact calculation of the path of
an eclipse is tedious work, and it is gen-
erally done by skilled computers. Con-
sider some of the factors they must take
into account: the position of the earth in
its slightly elliptical orbit around the sun,
the position of the moon in its more
eccentric orbit around the earth, the in-
clination of the moon’s orbit to that of
the earth, the closeness of the moon to a
node at the time of new moon. As if that
were not complicated enough, the tip of

the conical shadow whips rapidly across
a big spherical object, the earth, wiping
a narrow path never more than 167
miles across, and the sphere over which
the shadow moves is itself rotating on an
inclined axis. The fact that the earth
rotates toward the east fortunately helps
to prolong every solar eclipse, because
the moon’s shadow also runs eastward.
However, even under the most favorable
conditions (a total eclipse at noon on
the Equator on July 1) the period of
totality cannot last more than seven and
one half minutes.

The U. S. Naval Observatory carefully
calculates the path of each eclipse and
prepares a special pamphlet with maps
and tables. This booklet tells when the
moon will first nick the rim of the sun,
the times of the beginning and end of
totality and the time of the moon’s final
departure from the face of the sun.

y own life became linked with this
family of eclipses soon after I was
born, for the eclipse of May 28, 1900,
came in the year of my birth. I was fa-

w0

FAMILY PORTRAIT shows the paths of 11 successive total eclipses in the series of which
the June 30 eclipse is a part. The paths are plotted on a polar projection. The beginning
of each eclipse is indicated by a white triangle; the middle, by a white circle; the end, by
a black triangle. Each succeeding eclipse is farther to the north, and about a third of the
way around the earth to the west. The regular pattern of the lines is due to the fact that
every third eclipse occurs approximately north of the one 54 years and 31 days earlier.
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vored to see the 1918 member as a
working embryo astronomer. Stationed
on top of the Continental Divide in
Colorado at the small and now extinct
railroad town called, believe it or not,
Corona, three of us watched the great
spectacle. We were there to make mag-
netic observations to discover possible
changes in the earth’s magnetic field dur-
ing the eclipse. The party consisted of
Louis A. Bauer, head of the Department
of Terrestrial Magnetism at the Carnegie
Institution of Washington, E. Waite
Elder, a physics teacher at the East High
School in Denver, and myself as chief
porter and camp boy, not to mention
scientific observer.

We set up a tent 500 yards from the
Corona railroad station, mounted a sen-
sitive magnetometer and set to work
putting it into adjustment. On the day
before the eclipse it was my task to ob-
serve the position of the magnetometer
needle every minute for eight hours.
The biggest magnetic disturbances were
those caused by passing trains, some-
times with three engines. So sensitive
was the instrument that I could “see”
them coming ‘round the bend while they
were still two or three miles away. Then,
on the day of the eclipse itself, the same
regimen was followed. More memorable
to me than any scientific results obtained
was the very sore left eyelid that I suf-
fered from squinting that eye hour after
hour for two days as I read the instru-
ment with my right eye. No one had
told me what every microscopist knows
—to keep the idle eye open and relaxed.

In beclouded Denver thousands of ex-
pectant watchers were unable to see the
eclipse, but from our 11,660-foot perch
we got a great view of it.

It is my hope to see the 1954 eclipse,
which will take place within about one
hour of exactly 19,756 days (three
saroses) of the 1900 eclipse, so that the
earth will be back in its turning to about
the same place. Thus the coming eclipse
will be shifted only slightly eastward
and northward from the 1900 one. Per-
haps I shall also be interested to go to
northern Alaska or to Newfoundland to
see the next member of the family on
July 10, 1972, Mark Twain once wrote
about his affectionate link with Halley’s
comet. He was born in 1835, when that
infrequent visitor was near the earth,
and he felt that he would depart with the
comet in 1910 on its subsequent return.
This he did. I should like to outdo Mark
Twain and live to see the sixth return of
my favorite family of solar eclipses when
it passes through the land of the mid-
night sun in Lapland on July 20, 1990.



Kodak reports to laboratories on:

decupling the sensitivity of infrared film... making pH indicators easier
to use...how 3 x 5-inch file cards turn into a library

High speed infrared

A close student of the course of
photographic technology might sur-
mise that some sort of photographic
infrared barrier has been cracked
within the past year or so. In a
limited sense, he would be right.
The photographic infrared still ends
at about 12,200A (Kodak Spectro-
scopic Plates, Type Z), but the mag-
nitude of the sensitizing effect to
that point can now be greatly
stepped up.

As one of the new products con-
sequential to this development, we
now announce Kodak High Speed
Infrared Film. Although it only goes
to about 9500A, its practical sensi-
tivity for such purposes as pigmen-
tation penetration, photography in

} SPECTRAL SENSITIVITY

KODAK HIGH SPEED INFRARED FILM

KODAK INFRARED FILM (15mm)

4\ S ! )

LOG SENSITIVITY

o

WAVELENGTH (mu)

visual darkness, and heat-distribu-
tion studies is about ten times that
of Kodak Infrared Film. Granularity
is somewhat higher than that of
Kodak Infrared Film. The effect of
this on image sharpness tends to be
offset in some applications by the
fact that the higher sensitivity of
Kodak High Speed Infrared Film
permits the use of smaller lens
openings.

Kodak High Speed Infrared Film is
supplied only in 16mm and 35mm per-
forated form as 100-foot rolls. It re-
quires such extreme caution against
fogging that we do not put it up in car-
tridge form. You can buy it from your
Kodak Industrial Dealer. If you want
the address of the one nearest you or
more detailed information on the film,
write Eastman Kodak Company, Indus-

trial Photographic Division, Rochester
4, N. Y.

Indicator solutions

In the more orderly laboratories, it
hangs on the wall; in others, you
have to rummage for it under some-
body’s desk blotter. Ubiquitous on
the scientific scene it-is, though—
the famous Eastman pH Indicator
Chart with its array of bars that
tell at a glance which of some 50-
odd Eastman Organic Chemicals

changes from what color to what
other color over what pH range.
The indicators themselves we have
hitherto offered in dry form only—
water or alcohol to dissolve them in
is plentiful.

Now we have taken a second look
at this policy, from the viewpoint
of the business manager who knows
that such 'laboratory drudgery as
making up indicator solutions is
still an expensive proposition. As a
result, we report that nearly all the
Eastman Indicators are now avail-
able as solutions in 500-cc bottles,
with solvent, concentration, and pH
range stated on the label. We con-
tinue to sell the indicators undis-
solved also.

Direct your inquiries and orders for
Eastman pH Indicator Solutions to Dis-
tillation Products Industries, Eastman
Organic Chemicals Department, Roch-
ester 3, N. Y. (Division of Eastman
Kodak Company). Write to the same ad-
dress if the Eastman Indicator Chart is

still not quite ubiquitous l,al
0)%4

enough for your conven-
ience. (It’s free.) |

Microprint

The libraries are not going to ex-
plode after all. Libraries grow ex-
ponentially, of course, and any ex-
ponential process turns into an ex-
plosion unless something is done.
Fortunately, something is being
done.

It’s the brutal truth that a man or
woman is covering a narrow field
indeed if he or she can honestly
claim to be abreast of all that’s set
down on paper about it. A remedy
—microprint cards—has been pro-
posed by which a library card cata-
log can replace the library itself.
Almost a decade of development
has demonstrated its merit. Since it
is based on photography, the time
has come to state our position on it:

Before 1954 ends, you will be able
to walk into dealers’ establishments
throughout the United States and
be shown the Kodagraph Microprint

This is one of a series of reports on the many products
and services with which the Eastman Kodak Company and
its divisions are . .. serving laboratories everywhere
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Reader. This is an instrument,
weighing less than a standard type-
writer, for reading microprint cards
with complete comfort. Microprint
cards, usually the standard 3”7 x 57,
look like the familiar library cata-
log card, carrying classification
data, perhaps a brief abstract, etc.,
but, instead of having then to locate
the item cataloged if it seems perti-
nent, it’s right there on the back of
the card in microprint—as many as
60 pages of the actual text.
“Complete comfort” is very im-
portant. Without it there would be
no spreading of microprint readers
from large libraries to smaller ones
and on down to the individual us-
er’s office, desk, and even home.
With large numbers of users to
share the cost, microprint card lit-
erature will become vastly more ex-
tensive and intensive than it has
already grown. Economic barriers
to the development of automatic

subject-searching equipment will
fall. New microprint publishing ven-
tures will flourish—some for profit,
some for the promotion of scholar-
ship in fields too sparsely inhabited
to support the cost of conventional
publication. More industrial organi-
zations will establish microprint
systems for the debulking, speedy
dissemination, and storage of litera-
ture and private internal data.

Our part is to work closely with
everybody, supplying technical
hints, Kodagraph Microprint Readers,
Kodagraph Micro-File Film, Koda-
graph Microprint Paper, and equip-
ment to turn out microprint cards
by the piece or by the peck.

If the possibilities of microprint inter-
est you, we’d appreciate your dropping a
note to Eastman Kodak Company, In-
dustrial Photographic Division, Roch-
ester 4, N. Y., to let us know the nature
of that interest.
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Who's Hannihal C. Ford?

* He revolutionized naval warfare
nearly 40 years ago through developing
the first “mechanical brain” gunfire-control
mechanism.

He designed the first automatic tracking
bombsight and the first automatic comput-
ing sight for airplane machine guns.

He designed and built the first success-
ful anti-aircraft computer and control (with
some 55,000 moving parts in it).

Consequently Hannibal C. Ford has
been one of the U. S. Navy’s best-kept se-
crets since World War I, and is not known
by the public at large. Although he has been
retired from the presidency of the company
he founded — The Ford Instrument Com-
pany — for ten years, the full story of Mr.
Ford is just being made public.

¢ Although most of Hannibal Ford’s
early work was for the Navy, his company
is now working for all branches of the armed
forces, building intricate and unbelievably
accurate devices for guided missiles, super-
sonic planes, and army ordnance. Masters of
the new sciences of automatic controls and
computing mechanisms, the hundreds of en-

gineers and thousands of technicians at Ford |

Instrument Company are creating millions
of dollars of electronic, hydraulic, electrical,
mechanical and magnetic instruments each
year. And their skills are being utilized by
the Atomic Energy Commission and private
industry as well.

* To commemorate the name of its

founder, the company has established the |

Hannibal C. Ford Fellowship for advanced
study in engineering at Cornell where Mr.
Ford was graduated 50 years ago.

B Each year Ford Instrument Com-
pany is offering positions to young
engineers whose abilities qualify them
to work on the exciting and important
projects the company has contracted
to develop. If you want to know more
about Ford Instrument Company
write for illustrated brochure.

=3 FORD INSTRUMENT
[] " company

DIVISION OF THE SPERRY CORPORATION
31-10 Thomson Ave., long Island City 1, N. Y.
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A.A.A.S Meeting

r I Yhe American Association for the
Advancement of Science, at its
120th meeting in Boston last

month, appointed a new staff and took

steps to realize objectives it adopted in
principle two years ago in the Arden

House resolution. As administrative sec-

retary it named Dael Wolfle, a psy-

chologist and director of the National

Research Council Commission on Hu-

man Resources and Advanced Training.

He succeeds Howard A. Meyerhoff, who

resigned last March. As editor of its pub-

lications, Science and The Scientific

Monthly, the organization appointed

Duane Roller, formerly professor of

physics at Wabash College and recently

assistant director of research at the

Hughes Aircraft Company. To the post

of treasurer it appointed Paul A. Scherer,

executive officer of the Carnegie Insti-
tution of Washington.

The A.AAS. elected George W.
Beadle, director of the Kerckhoff Labo-
ratories at the California Institute of
Technology, as its president for 1955.
Serving as president for the coming year
is Warren Weaver, principal author of
the Arden House resolution. His ad-
ministration plans to proceed actively
with the task of directing the energies of
the A.A.A.S. to the “broad problems
which involve the whole of science, the
relations of science to government and
indeed the relations of science to our
society as a whole.”

The broad problem that most con-
cerned the 8,000 scientists attending the
Boston meeting was the freedom of sci-
ence. The topic was discussed not only
at formal symposia but also in hotel cor-
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ridors. In a luncheon speech E. U. Con-
don, outgoing president of the A.A.A.S.,
declared that the “critical, questioning
attitude is an essential ingredient of the
scientist’s method of working” and not
“just a kind of unruliness or bad-boyism
which we perhaps have to tolerate in
these cccentric fellows because they are
the geese that lay the hydrogen bomnbs
and many other great and good things.”

The best-attended symposium of the
convention heard four speakers on the
same topic. Mark de Wolfe Howe of
Harvard Law School observed: “Our
laws and constitution do not secure the
freedom of science but merely the free-
dom of scientists. Fortunately in our so-
ciety there are other agencies of author-
ity than government. All institutions
dedicated to the pursuit of knowledge
are able, if they choose to do so, not only
to protect the scientists but to safeguard
science. They may fulfill that high re-
sponsibility by recognizing and fully ex-
ercising their traditional powers of self-
government.”

Barry  Commoner, biochemist —at
Washington University in St. Louis, won
the $1,000 Newcomb Cleveland Prize
for his paper on the reproduction of to-
bacco mosaic virus. He has worked out
some of the steps in the complex process
by which new virus particles are built in
the infected plant cells. The viruses are
formed from materials which would nor-
mally go into the cell’s nucleoproteins,
and Commoner found that they repro-
duce only in the cytoplasm.

The William Proctor Prize of $1,000,
given by the Scientific Research Society
of America, was awarded to David B.
Steinman, New York bridge engineer.

The 81,000 A.A.A.S.-Westinghouse
Science Writing Awards were won by
Eric Hodgins, an editor of Fortune, and
Nathan S. Haseltine, science editor of
the Washington Post. Hodgins received
the prize for an article titled “Power from
the Sun” in the September, 1953, issue of
Fortune. Haseltine’s award was for a
series of newspaper stories on prison
medical volunteers. Honorable mentions
went to Albert Q. Maisel and Norman
John Berrill for magazine articles. A spe-
cial citation was awarded to the science
department of Life and to Lincoln Bar-
nett for the series, “The World We Live
In”

Some other reports at the meeting:

Peter M. Millman, of the Dominion
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Observatory in Canada, said he had es-
tablished by radar-tracking studies that
meteors cannot come from outside the
solar system. The maximum speed of
those he has tracked is 45 miles per
second, which is slower than the velocity
they would need to escape from the sun’s
gravitational pull. Thus meteors must be
permanent members of the solar system.
Between 10,000 and 100,000 enter the
earth’s atmosphere every second.

A group of Cornell University zoolo-
gists headed by Marcus Singer reported
that certain chemicals given off by nerve
tissue are necessary for animal growth.
They have been experimenting with re-

generating limbs of salamanders. If the

nerves are removed from the stump of an
amputated leg, the salamander cannot
grow a new one. To find out what sub-
stances are responsible for the effect,
Singer devised an apparatus for con-
tinuously infusing chemicals directly at
the growth site. He learned that sub-
stances which inhibit acetylcholine, a
chemical important in nerve impulse
transmission, also inhibit regeneration.
W. G. van der Kloot of Harvard Uni-
versity told of studies on the tiny brain
of the silkworm, upon which he operates
with delicate surgical methods. When
the whole brain is cut away, the worm
loses its ability to spin silk. Injury to some
parts of the brain leaves the spinning

ability unimpaired; when other sections |
are cut the worms spin a flat sheet rather |

than a cocoon. Van der Kloot has local-
ized the spinning function in the corpora
pedunculata.

The Pool Plan

'11 he prospects for international control

of atomic energy have been substan-
tially improved, in the opinion of many
scientists, by the new approach initiated
by President Eisenhower in his De-
cember speech to the United Nations
General Assembly. The President’s sug-
gestion that the UN members contribute
to an international pool of fissionable
materials and collaborate in exploring
constructive uses of atomic energy was
widely applauded as offering a promis-
ing beginning toward reducing the
danger of atomic war. At its annual meet-
ing in Boston last month the American
Association for the Advancement of
Science warmly approved the plan. Its
resolution said: “Scientists throughout

\
REVOLUTIONARY among liquids
because of its stability,
DOW CORNING
SILICONE FLUID
CREATES NEW PRODUCTS

FOR EXAMPLE: One year after they were
introduced by Dow Corning, release agents
made with our silicone fluids were almost
universally used in the rubber industry
to reduce scrap, improve finish, cut mold
maintenance costs by as much as 90%.
Performance of radar and other electronic
devices is improved by Dow Corning 200
Fluid as a liquid dielectric in capacitors
and transformers.

MNow, less than 3 years after Dow Corning
proved the usefulness of silicone fluids
as polishing agents, most of the best
automobile and furniture polishes are made
with these new materials.

Reliability and accuracy of autemobile and
aircraft instruments, overload relays, circuit
breakers, torsional vibration dampers have
been increased by Dow Corning 200 Fluid
as a damping medium,

As o water repellent treatment for vials
and bottles, Dow Corning 200 Fluid cuts
waste, makes dosage of rare antibiotics
more accurate.

are you looking for
NEW BUSINE#$?

SILICONES cut preduction
costs; improve the performance
ond sales oppeal of
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polishes to radar,

Mail coupon today for

DOW CORNING CORPORATION, Dept. W-14, Midland, Michigan

Please send me
[ Tall Tales and Fabulous Facts, a pleasant introduction to Silicones.
[J 32-page booklet on Dow Corning 200 Fluid.
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| Some of our customers asked us to coat a prism to be cemented by

| them to a clear prism to form a cube—the cemented cube to have

| a reflectance of 659, to 779, with not more than 109, absorption

| and the remaining light to be transmitted. The drawing shows a

| typical cemented cube, using one of the prisms we supplied.

I Liberty Hi-Efficiency dichroic coatings are durable. They handle

I and clean easily. May we tackle the job of making some special
dichroic coatings for you?

I Liberty Mirror Division, Libbey -Owens-Ford Glass Co., LM-524

: Nicholas Bldg., Toledo 3, Ohio.
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M LIBERTY vacuum-deposited COATINGS

LIBERTY MIRROR DIVISION

LIBBEY-OWENS-FORD GLASS CO

USES UNLIMITED

In the static testing of rocket fuel systems, Aber-
deen Proving Ground needed a transducer which
could respond to the high pressures and frequen-
cies encountered.

To meet this need, Baldwin designed and manufactured
100 special SR-4 Pressure Cells with the necessary high

THE BALDWIN accuracy and high frequency response.

= SOLUTION:
These transducers give Aberdeen all of these advantages:
1. High Accuracy—pressure versus voltage outputs are
linear within ¥4 of 1% and calibration (span) is held
within %5 of 1%.
High Pressures—capacities up to 20,000 psi.
Limitless Frequency Response — attached piping or
vessel reaches its frequency response limit before the
pressure cell reaches its frequency response limit.
Versatility—these SR-4 Pressure Cells are all inter-
changeable so that they may work into the same in-
: struments. They also work easily into an oscilloscope
and can be used to operate a potentiometer.

The uses for Baldwin SR-4 devices in industry are unlimited
. . . measuring load, pressure or torque more accurately
and economically. Wide range of standard capacities avail-
able. Please write Dept. 3244,

TESTING HEADQUARTERS
Py -.‘-;

) 4 BALDWIN - LIMA - HAMILTON

OFffices in Principal Cities

20,000 p.ai. high frequency
pressure cell, Langth 514",
diameter 27, weight 1 Ib.

Philadelphia 42, Po.
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the world will welcome service in the in-
terests of peace. . . . Science . . . knows
no geographical boundaries. Hence it
offers a particularly potent and valuable
vehicle for promoting better understand-
ing among the nations of the world.”

Although past negotiations on interna-
tional atomic energy control have yielded
nothing but disappointment, the new ap-
proach seemed to offer some grounds for
optimism: (1) the U.S.S.R., though re-
iterating its demand for immediate out-
lawry of atomic weapons, accepted
Eisenhower’s invitation to discuss his
plan; (2) both the White House and the
Kremlin agreed to informal, non-public
negotiations; (3) Secretary of State John
Foster Dulles said that the U. S. was
prepared to discuss not only the pool
idea but any measures “designed to end
the danger of atomic warfare.”

The New York Herald Tribune col-
umnist Walter Lippmann saw an impor-
tant concession by the Soviet Union. He
observed that the Soviet note, in citing
the deterrent effect upon Hitler of the
Allies” possession of poison gas during
World War II, seemed to offer the pos-
sibility that the U.S.S.R. would agree to
the retention by the big powers of deter-
rent stockpiles of atomic weapons until
they could negotiate an agreement to
outlaw them.

Mare’s Nest

The Fort Monmouth spy story fizzled

out last month. Senator Joseph R
McCarthy concluded a series of public
hearings, which he had said would “show
that there was espionage” in the Fort
Monmouth radar laboratory, with the
statement: “It is not our function to de-
velop cases of espionage.” His parade of
witnesses, some of whom invoked the
Fifth Amendment, had failed to develop
any testimony on spying. Of some 30
Signal Corps scientists suspended by the
Army as a result of the McCarthy investi-
gation, none was accused of espionage.
They had been charged with such devia-
tions as favoring “the leftist policies of
Max Lerner,” representing the Mon-
mouth scientists in the Federation of
American Scientists and failing to “take
a positive stand on the issue of admitting
Communists to the Monmouth County
Clnptel of the Amellcan Veterans Com-
mittee.”

The New York Herald Tribune mili-
tary writer Walter Millis, after investi-
gating the results of the McCarthy in-
vestigation at Fort Monmouth, reported
in his column: “This really vital and sen-
sitive military installation has been
wrecked—more thoroughly than any
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racked with 612
die-cast horns ready for
a brilliant metal finish to

be applied in Stokes Vacuum

Metallizer at Yoder Manufacturing

Co., Little Rock, Ark. While this is in
process another rack will be loaded to
7 replace it. Vacuum Metallizing is now
' gaining rapid acceptance in many automo-
tive, electrical and electronic applications.

|
In Minutes These 612 Die-cast Horns ,"
will be Brilliantly Metal-coated! /'

I .
Metallic finishes in many metals and many colors are now applied by Vacuum Metallizing /

and the product is ready for lacquering and packaging without hand work. No plating or finishing
plant can afford to ignore the tremendous opportunities which Vacuum Metallizing creates.

Ornaments and display materials, toys, trophies, furniture handles, emblems, jewelry,
nameplates, reflectors and many other metal parts are now largely vacuum metallized.
Automobile parts are a new and fast-growing market. Electrical and electronic parts

offer unlimited possibilities. Some installations deliver as high as 100 loads of finished parts
per 24-hour day from a single Stokes Vacuum Metallizing unit without use of specially skilled
labor. Stokes trains your workmen and you start into production.

Units of 24, 36, 48 and 72-inch diameter are available, some fully automatic in operation.
Floor space requirements are low, as these are integrated “package” units
of the fastest and most efficient type.

Stokes Laboratory will metallize your samples, evaluate your application, recommend
techniques to be employed, plan cycles, report on costs . . . and share with you the
benefits of Stokes’ 40 years of leadership in high-vacuum technology.

Write today for a comprehensive brochure, “Vacuum Metallizing Today,” which
describes the applications and
techniques of Vacuum Metallizing.

F. J. Stokes MacHINE COMPANY
PHILADELPHIA 20, PA.

STOKES MAKES: High Vacuum Equipment, Vacuum Pumps and Gages/lndustrial Tabletting, Powder Metal and Plastics Molding Presses/PharmaceuticaI Equipment
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THE HOUSE
THAT CALIDYNE

B u I LT THE CALIDYNE STORY
% Six years ago it was only an idea.
Then, a little company was formed
to harness the destructive force of
vibration and put it to constructive uses.
The word “Calidyne” was coined. It
combined “calibrate” and “dynamics” and
implied the “measurement of a dynamic
force” such as vibration. The beginning was
humble and at first management itself
constituted the only “employees.” Progress
was slow and the future doubtful.

% By 1951 the company had become known
and recognized. A demand developed for its
products and expansion began in earnest. In 1953
Calidyne moved out of various obsolete buildings
and consolidated operations in one modern,
streamlined, sunlit structure of its own. Today the
company consists of one hundred and twenty
highly skilled people.
% Calidyne’s primary interest is to develop
a complete line of vibration test and measurement
equipment. Of this line Calidyne’s custom-built Shakers
are now the best known. They are produced
in many sizes to meet individual requirements and are
used for shake-testing (vibrating) various objects (assemblies,
machines, vacuum tubes, etc.) to see what effect vibration
will have on them in actual service. Many product
manufacturers now find that they fill a very basic need. Perhaps
you should investigate them too?

MAKERS OF SHAKER 5YSTEMS FOR VIBRATION-TESTING YOUR PRODUCTS

THE

CALIDYNE

COMPANY
MASSACHUSETTS

ALBUQUERQUE, NEW MEXICO
G. B. Miller Co.
Albuquerque 5-8606
SAN FRANCISCO, CALIF.
G. B. Miller, Lytell 3-3438
MINNEAPOLIS, MINN.
H. M. Richardson and Co.
Geneva 4078
ARNPRIOR, ONTARIO, CANADA
Waltham 5-6900 Measurement Engineering Limited
HOLLYWOOD, CALIFORNIA Arnprior 400
G.B.Miller Co., Hollywood 9-6305 NEW HAVEN, CONN.
SEATTLE, WASH. Robert A. Waters, Inc.
G. B. Miller Co., Lander -3320 Fulton 7-6760

120 CROSS STREET, WINCHESTER,

SALES REPRESENTATIVES:
NEW YORK (Long Island)

G. C. Engel, Rector 2-0091
NEW JERSEY

G. C. Engel, Ridgewood 6-7878
PHILADELPHIA, PA.

G. C. Engel, Chestnut Hill 8-0892
CLEVELAND, OHIO

M. P. Odell Co., Prospect 1-6171
DAYTON, OHIO

M. P. Odell Co., Oregon 4441
FLORIDA

A. H. Lynch and Assoc.

Fort Myers 5-6762

WASHINGTON, D. C.

F. R. Jodon, Inc., Woodley 6-2615
CHICAGO, ILLINOIS

Hugh Marsland Co.

Ambassador 2-1555

DALLAS, TEXAS

John A. Green Co., Dixon 9918
WALTHAM, MASS.

Robert A. Waters, Inc.
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Soviet saboteur could have dreamed of
doing it. ... The processes of witch-hunt-
ing, bigotry, cowardice, race prejudice
and sheer incompetence have turned one
of our top-level military-scientific opera-
tions into a mare’s nest of exasperation,
fear and futility. . . . The impairment of
the national defense is something which
no one whose life may one day hang
upon the excellence of our radar screens
can dare to disregard.”

De Senectute

rl*he 1950 census showed that one of

- every 12 Americans was 65 or older.
In 1900 the figure was one in 25; in 1980
it will be one in nine. The problems
raised by this rapid aging of the popula-
tion were discussed by a number of ex-
perts in a recent issue of The American
Journal of Sociology.

Robert K. Burns of the University of
Chicago criticized the practice of retiring
workers at the age of 65. He said that
raising the retirement age to 68 or 70
would cut pension costs as much as a
third and provide more nearly adequate
pensions. The 65-year age limit is an
anachronistic holdover from depression
times, Burns said.

Preliminary findings of a cooperative
study of aging and retirement in six
Florida communities were reported in
the Journal. L. C. Michelon of the Uni-
versity of Chicago, after close observa-
tion of a small group of retired persons in
a Florida trailer camp, concluded that in-
dividual hobbies cannot take the place of
work for those who have retired. During
aman’s working life such avocations pro-
vide a welcome escape from the daily
bustle, but after retirement he needs a
tvpe of activity which will encourage
and preserve his associations with others.
Michelon found that laborers enjoy re-
tirement more than professionals, mar-
ried women more than men or single
women,

Clark Tibbitts of the U. S. Department
of Health, Education and Welfare sug-
gested that retired persons could serve
as consultants, members of survey teams,
of commissions and advisory groups. He
said that some retired businessmen have
formed groups which offer consultation
service to individuals or small organiza-
tions at little or no fee,

Seeding and Reaping

])resident Eisenhower has appointed a
- committee to look into the matter of
cloud-seeding, and behind his action lies
a serious disquietude. Texas cattlemen
are convinced that last year’s disastrous



drought in their state was due to the |
large-scale cloud-seeding activities car-
ried out in the West and Southwest dur-
ing the past few years. They are sup-
ported in this belief by Irving Langmuir,
director of the seeding experiments
-called Project Cirrus. In a report on the
project Langmuir concluded that seeding
in New Mexico caused an increase in
rainfall as far as 2,000 miles to the east,
and that it may well have deprived the
Southwest of rain. The theory is that
cloud-seeding under some conditions
may draw moist Gulf air away from
Texas to the Mississippi Valley region.

A Congressional act authorizing the
appointment of the President’s study
committee warned that weather modi-
fication and control without sufficient in-
formation or safeguards “may cause cata-
strophic droughts, storms and floods.”
But it also pointed out that effective
weather control could bring “far-reach-
ing benefits to agriculture, industry,
commerce and the general welfare and
common defense.”

The President’s committee will try to
assess the possibilities of large-scale
modification of weather and to find out
whether present unregulated tinkering
by private rainmakers is doing harm. Its
chairman is Howard T. Orville, who as
a Navy captain was one of the chief
weather advisers in the North African
and Normandy landing operations.
Among other members are Lewis W.
Douglas, former Ambassador to Great
Britain who is now establishing a cloud-
physics department at the University of
Arizona, and Alfred M. Eberle, dean of
agriculture at South Dakota Agricultural
and Mechanical College.

Better Transistor

A new type of transistor which “out-
£ X performs all transistors currently in
use” was announced last month by the
Philco Corporation. Called a “surface-
barrier” transistor, it will replace vacuum
tubes in important applications where
the junction type will not work, the com-
pany says. It is claimed to be more stable
and more exactly reproducible than junc-
tion transistors and to cover 10 to 100
times their frequency range; it operates
reliably up to 70 megacycles.

In its manufacture two tiny streams of
a liquid indium salt are directed against
opposite sides of a small germanium slab.
Electric current passed through the
streams eats away the germanium until
the slab is only a few 10,000ths of an
inch thick. Then the current is suddenly
reversed; the erosion stops and indium is |
deposited on both sides of the germani- l

to the
one-in-a
thousand

Yes, there is a critical shortage
of engineers. And the present
bonanza of job offers,

with special attractions, may
sound like a midsummer
engineer’s dream.

But is it?

The fact is, hundreds of
companies (we among them)
are in need of engineering
“help.” But only a relatively lew
top managements (we among
them) have futures to offer.

So we're addressing this to

the one-in-a-thousand whose
interest and qualifications

go beyond fringe benefits and
free transportation.

II you want a job, we have that,
too. But if you are that
one-in-a-thousand, there are

a few outstanding opportunitics
here for administrators,
scientists and designers in

the aeronautical, electrical,
electronics, structural and
physics fields.

Write now to:

J. J. Holley

Department S-2

Glenn L. Martin Co.
Baltimore 3, Maryland.
Include confidential resume
with full details of

education and experience.
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High-Fidelity Recording

E want to give you this extraordinary

LP record—FREE—in order to acquaint
you with the fine high-fidelity releases of The
Musical Masterpiece Society. You will receive
it by buying any of the records listed at right
at the unbelievably low price of $1.50 each. A
selection of the greatest music ever written, in
internationally acclaimed performances.

These records are unconditionally guaranteed
to be equal in musical and technical quality to
records selling for more than three times their
price. They are pressed on the finest plastic,
and incorporate the latest advances of high
fidelity reproduction to give you beauty of
tone with a virtual absence of surface noise.

You Save Up to 75%
on Each of These Records

You may buy one or more of these records
at $1.50 each—thus saving over $4.00 per record
on the usual price. This saving is possible only
because we sell direct and because of advanced
production techniques which cut overhead to
the bone.

Order all the records of your choice now at
this low price by encircling the correct record
numbers in the coupon.
If not delighted your

Guarantee ) money will be promptly
't ¢ pot de- ??) refunded. You may keep
1 } med you (4 theFREEMozartrecord
‘(&1 r;gay return |} in any case!
¢| any record | )

in 5 days

fund THE MUSICAL MASTERPIECE
for retund.

SOCIETY, INC.,

Dept. 162,
250 W.57th St., New York 19, N.Y.

THE MUSICAL MASTERPIECE SOCIETY, INC.
Dept. 162, 250 W. 57th St., New York 19, N. Y.

shipping expenses.
shipping charges.)

record is mine to keep in any case.)
Total NMo. of Records Encircled......
Ma

Name
iPlease P'rint)

Address

S
©

REE!

ON THIS AMAZING OFFER
THIS EXTRAORDINARY

MOZART'S

e Symphony No. 14 in A Major

v -TT""""MAIL THIS NO-RISK COUPON TODAY!=""""""

Send me FREE the Long Playing, High Fidelity Recording of Mozart’s Sym-
phony No. 14 in A Major. Also send me the records whose numbers I have
encircled at right. I enclose $1.50 for each record plus 25c¢ per record for

(NOTE: If you order 5 or more records WE pay all

If not delighted, I may return any record in 5 days for refund. (The Mozart

et $1.50 per Record $.

N ng Charges 25¢ per Record §
(If you order 5 or more records, WE
absorb all mailing charges.)

TOTAL ENCLOSED §......

of

Order All the Records You Wish—
Save Up to 759, on Each One You Buy!

MMS-4 CHOPIN: Piano Concerto No. 2 in F
Minor. Mewton-Wood, pianist: Radio Zurich

Orchestra; Walter Goehr, conductot.

HAYDN: Symphony No. 96 in D Major.
““Miracle.”” Winterthur Symphony Orches-
MMS-6 tra; Walter Goehr, conductor.

IHAYDN: Isola Disabitata (Overture).

Winterthur Symphony Orchestra; Walter
Goehr, conductor.
MENDELSSOHN: Violin Concerto in E
Minor. Louis Kaufman, violinist; Nether-
lands Philharmonic Orchestra; Otto Acker-
mann, conductor.

MOZART: Piano Concerto No. 20 in D
Minor. Frank Pelleg, pianist; Musical Mas-
terpiece Symphony Orchestra; Walter Goehr,
conductor.

5BEETHOVEN:Symphony No. 8 in F Major.

MMS-7

MMS-9

Winterthur  Symphony Orchestra; Walter
Goehr, conductor.

) BEETHOVEN: Two German Dances. Win-

terthur Symphony Orchestra; Walter Goehr,
conductor.

BIZET: Symphony in C Major. Utrecht Sym-
phony Orchestra; ’aul Hupperts, conductor.

BACH: Brandenburg Concerto No. 4 in G.
Winterthur  Symphony Orchestra; Walter
Goehr, conductor.

BACH: Brandenburg Concerto No. 5 in D.
Winterthur  Symphony Orchestra; Walter
Goehr, conductor.

MMS-10

MMS-11

MMS-13

MMS-14  LALO: Symphonie Espagnole. Ricardo Od-
noposoff, violinist; Utrecht Symphony Or-

chestra; Walter Goehr, conductor.

TCHAIKOVSKY: Symphony No. 4 in F
Minor. Netherlands Philharmonic Orchestra;
Walter Goehr, conductor.

SCHUBERT: Symphony No. 5 in B-Flat
Major. Winterthur Symphony Orchestra;
Fritz Busch, conductor.

BEETHOVEN: Symphony No. 5 in C Minor.
Utrecht Symphony Orchestra; PPaul Hup-
perts, conductor.

MMS-16

MMS-20

MMS-22

- DUKAS: The Sorcerer’s Apprentice. Utrecht
Symphony Orchestra; Paul Iupperts, con-
ductor.

MOUSSORGSKY: Night on Bald Moun-
tain. Netherlands Philharmonic Orchestra;
Walter Goehr, conductor.

MMS-27

ENCIRCLE ALL THE
RECORDS OF
YOUR CHOICE

( Thesenumbers cor-

respond to those in
listing above )

MMS-4 MMS-I3
MMS-6 MMS-14
MMS-7 MMS-I16
MMS-9 MMS-20
MMS-10 MMS-22

““Dept. 162 MMS-11 MMS-27
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um wafer. The coating forms electrodes,
to which wires may be attached. The
whole assembly is then hermetically
sealed in a metal container. The trick lies
in precise control over the thickness of .
the germanium. The Philco engineers
have devised a means of timing so deli-
cate that they can attain an accuracy
within 10 millionths of an inch.

Still unknown are the “aging” charac-
teristics of the new transistor and what
it will cost to produce.

Power from Wind

Great Britain and several other Euro-

pean countries are carrying on
serious research on the possibility of
harnessing wind power. The results of
the British project to date are described
in a recent issue of Discovery.

The major difficulty, of course, is the
fickleness of the winds. But the British
have found that over a period of a year
the total wind -energy delivered at a
given spot is remarkably constant: it
seldom varies more than 10 per cent
from year to year. Thus a wind-driven
electric power station could be counted
on for a predictable annual output.

To find the best spots for these power
stations a wind survey of England and
Ireland has been undertaken. The most
favorable sites turn out to be the tops of
steep, smooth hills. Winds passing over
these obstacles are speeded up five miles
per hour or more.

In 80 British locations surveyed thus
far the average wind speed ranges from
16 to 30 miles per hour. It is estimated
that at any site with an average speed
greater than 20 miles per hour wind
could yield power as cheaply as coal. It
would be used as a supplement to reduce
the demands on coal-powered stations.

The most economical generating unit
would be of 2,000 to 4,000 kilowatts
capacity. Such a generator would require
a windmill about 200 feet across. The
giant mill would have to meet a number
of difficult technical requirements: a
minimum of maintenance, ability to
operate in mild breezes and 100-mile-an-
hour gales, and constant speed of turn-
ing, whatever the wind, in order to main-
tain the fixed frequency of the alternat-
ing current network. The British are test-
ing some smaller-scale, 100-kilowatt
prototypes. '

Communicating with an Ape

Keith and Catherine Hayes of the
Yerkes Laboratories of Primate
Biology, who are raising a young female
chimpanzee as a member of their family,



| CORNING GLASS BULLETIN

FOR PEOPLE WHO MAKE THINGS

HOW the most remarkable glass in 4000 years was invented. ..
Modern kitchen ranges are full of ideas... Do you know how

glass conducts electricity ?

People are always looking for something new and better. You spend
most of your time seeing that they get it.

We do the same, and want to tell you—quickly—of developments in
glass that may suggest applications useful to you.

Hence this Bulletin, the first of a series which will talk briefly about
new and unusual glasses—in the hope that you will let us send you more
complete information. For your convenience, there’s a coupon below.

most remarkable glass

In 1952 Philadelphia’s Franklin Insti-
tute presented the John Price Wetherill
Medal to Corning’s Dr. Martin E. Nord-
berg and Harrison P. Hood for invent-
ing the most fabulous of glasses—
Vycor brand 96 per cent silica glasses.

Evolution of a VYCOR jar: A—formed by con-
ventional glass blowing; B—*'thirsty glass”; C—
finished product.

These two scientists discovered a com-
position that appeared to be a combina-
tion of two distinct types of glasses. One
type could be dissolved out, leaving a
skeleton of 96 per cent or more of silica
filled with so many millions of holes
that a one-inch cube contained some
60,000 square feet of hole surface.

This new child of research was dubbed
“thirsty glass” because, just sitting
around, it absorbed moisture right out
of the air. But our researchers were on
the trail of something even more excit-
ing. They heated their “thirsty glass”
and it shrank to two-thirds its original
size. The millions of little holes vanished
and left a vacuum-tight glass that looked
like any other—except that you could
take this new glass white-hot from a
blazing furnace and plunge it into ice
water without the slightest injury. It was
a glass as ideal as fused quartz, but dif-
ferent since it could be melted, mass

CORNING GLASS WORKS At

produced, and worked in its original
state like ordinary glass.

The newest use for Vycor brand 96
per cent silica glasses is in Sylvania’s
instant-heat lamp for electric ranges.
Wwe’ll tell you more in later bulletins about
other uses these glasses have already
Sfound. If you'd like to know more NOW,
just check the coupon below.

ideas

Today’s smart gas and electric ranges
have wrought a kitchen revolution. And
glass has made its contribution—design-
wise and utility-wise.

Some of the newest ranges include
several kinds of glass items. PYREX
brand oven door panels that let you see
what’s cooking; broiler plates, door

Sears-Roebuck’s new Kenmore range with a
Sylvania instant-heat lamp unit which has a
VYCOR bulb and tinted cover plate.

handles, broiler shields, oven roundels
to protect non-heat-resistant lamps. Opal
glasses for decorative stove-top lighting.
Multiform glass beads for electric sur-
face units. Top-of-stove burner protec-
tion units made of Vycor brand 96
per cent silica glass. Attractive designs
and name plates permanently captured
in photosensitive glass panels. (Photolay,

we call this application. It gives a 3-D
effect to anything that can be repro-
duced photographically.)

Wonder if there might be an idea or
two for you in what the modern stove de-
signer is doing with glass? We'd be glad
to tell you more.

conducting electrieity

One of the interesting exhibits at the
Corning Glass Center shows an electric
light bulb mounted in the middle of what
looks like an ordinary plate glass win-
dow pane. But push a little doorbell
button beneath the pane and behold—
the electric bulb lights up. The window
pane isn’t a window pane at all. It’s a
glass that conducts electricity—E-C
(Electrically Conducting) glass.

A transparent film on one side of a
PYREX panel acts as a resistance heater
with power ratings as high as 10 watts
per surface square inch. Switch 115- or
230-volt alternating current through it
and you get up to 650° F.—enough to
char but not ignite a piece of paper.

E-C glass is being used successfully
today in portable and wall-mounted
space heaters and in industrial heating
and drying equipment, especially where
even heat distribution is needed.

Our engineers have collected a good
deal of information about E-C glass. We'd
be glad to share it with you. For prelimi-
nary action, just put your mark on the
coupon after E-C glass.

Flick a switch and this electric bulb mounted on a

glass panel lights up. Magic? No—this glass
conducts electricity.

If the items listed below don’t seem to bear on your
problem, we may have what you need at our finger-
tips. We'd like to hear from you.

v

CORNING GLASS WORKS, 72 CRYSTAL STREET, CORNING, N. Y.
Please send me more information about VYCOR brand 96 per cent silica
glasses [J; kitchen range applications [J; E-C glass [J.

TITLE

CORNING, N. Y. o

@rmy meand wesearck o (Gess

COMPANY

ADDRESS

cry

ZONE STATE
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VARIAN announces

magnetic fields to order

with the new, multi-purpose
V-4007 LABORATORY ELECTROMAGNET

This versatile six-inch magnet produces a remarkable range of field
values and configurations. It is the answer — in one instrument —to
the exacting yet diverse requirements of laboratory research.

LOOK AT THESE FEATURES:

* Changeable pole caps for uniform or high field work.

* Easily adjustable gap — from 1/, inch to é inches.

* Yoke angle readily adjustable for best working access.

* Dolly mounting provides mobility without loss of rigidity in
operating positions.

* Precise machining and accurate alignment assures high degree of
field uniformity.

FOR OPTIMUM MAGNETIC FIELD STABILITY. ..

Varian's new, matching V-2200 Regulated Magnet Power Supply pro-
vides highly stable direct current for operation of the V-4007 electro-
magnet. lts significant features include:

g e i ® Maximum current regulation against line and load changes.

® Slow drift essentially unaffected by room temperature
e .g changes.
cese ® Provisions for field modulating and n-m-r (nuclear mag-
netic resonance) field controlling signals.
N = FOR THE ULTIMATE IN...

Large-volume uniform magnetic fields, Varian offers the
Model V-4012 Twelve-Inch Electromagnet with new trunnion-
style mount, permitting choice of yoke angles.

FOR THE FULL STORY...

™ Write today for complete technical data and specifications
on these outstanding Varian laboratory magnets and asso-
ciated power supplies.

THE MARK OF LEADERSHIP

VARIAN associates

PALO ALTO 7, CALIFORNIA

Representatives in all principal cities
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bring their account up to date in a recent
issue of The Journal of Comparative and
Physiological Psychology. Their chimp,
Viki, is now five years old. The Hayes’s
report has to do with her progress in
communication.

From the age of 18 months Viki has
been interested in leafing through maga-
zines and catalogues. When she was
three she put her ear to a picture of a
wrist watch, and she learned to repeat
the action when told to “listen.” She fre-
quently points to illustrations in bever-
age advertisements, says “cup” and runs
to the kitchen to be given a drink.

To find out how much pictures actual-
ly convey to the chimpanzee, the
Hayeses tried a number of controlled ex-
periments. In one series Viki had to pick

out an automobile from other pictured

objects. In a second she was asked to
select pictures to match sample objects.
In a third she was tested on nonsense de-
signs. In all the trials she scored sub-
stantially higher than she could have by
chance. The more realistic the picture,
the better her performance, but even
with line drawings she chose correctly 80
per cent of the time. She discriminated
pictures of real objects much more easily

| than nonsense designs.

Concluding that “pictorial representa-
tion is a usable channel of communica-
tion from man to chimpanzee,” the au-
thors point out that the channel works
only one way. Although their “daughter”
does a.lot of scribbling, she has yet to
produce anything they can recognize.

Fish Story

Sea serpents not only exist but will one

day be caught and photographed,
according to Anton Bruun, eminent Dan-
ish oceanographer. Bruun told the recent
International Zoological Congress in
Copenhagen that he had once actually
seen a baby monster. Dredged up from
the deep sea, it was a Leptocephalus
(the larval form of an eel) six feet long.
Since it had 450 rudimentary vertebrae,
three times as many as the largest known
eel, Bruun judged that when fully grown
it should make a respectable monster.

Bruun, who directed last year’s Gala-
thea deep sea expedition, has learned
not to be surprised at anything that
comes from the depths. He pulled up a
giant angler fish in whose mouth were
lights like neon tubes. “We simply do
not know what exists in the abyss,” the
Danish scientist said.

To catch a monster he proposes a di-
rect attack. He would bait a hook, attach
it to a cable a few miles long and troll
from an oceangoing ship.
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approximate maximum sensitivities
VOLTAGE SENSITIVITY

1 x 10-6 volts
3 x 10-% volts

CURRENT SENSITIVITY

8 x10-'2 amp
2.5 x 10-" amp

New Z£/ectrnaniK recorder

for high impedance circuits

NEW MODEL of the ElectroniK instrument

now makes it possible to record data
from high impedance sources without re-
sorting to external pre-amplifiers. It can
measure voltages originating in sources with
impedances ranging from 0 to 50,000 ohms
without appreciable change in sensitivity,
damping or speed.

Because of its high input impedance, the
instrument can be applied to voltage meas-
urements with negligible loading effect on
the source. It is also applicable to current
measurements in conjunction with photo-
cells, spectographs and similar devices.

The recorder is supplied with pen speed of
24, 12, 414 or 2 seconds, for spans down to

2 mv. The amplifier can be used separately
in many high impedance servo systems.

Excellent stray rejection, meeting the most
stringent specifications, is incorporated in
the new circuit. Stray a-c voltages, equal to
full scale span for the 2-second model and up
to 10 times the span for the 24-second model,
are rejected with no appreciable loss in in-
strument sensitivity.

Your nearby Honeywell sales engineer will
be glad to discuss your applications . . . and
he’s as near as your phone.

MinNEAPOLIS-HONEYWELL REGULATOR Co.,
Industrial Division, Wayne and Windrim
Aves., Philadelphia 44, Pa.

@ REFERENCE DATA: Write for Instrumentation Data Sheet No. 10.0-14.

MINNEAPOLI S

Honeyw

BROWN

ell

INSTRUMENTS

Tt we Cositinds-
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42-17

April 1942. Big things were being done quietly
in those days. Shrouded in secrecy the greatest
brain trust in history had undertaken

to release the enormous energy of the atom

for the defense of the free world.

Under the trees on the campus at the University
of Chicago, three men sat quietly talking.

One, an eminent physicist and Nobel prize-winner,
was a leader of a group of scientists determined
to marshal the nation’s highest technical facilities
for this purpose. His name: Arthur Holly Compton.
He told his companions, just in from St. Louis,
that he and his colleagues faced a problem

of vital importance to the war effort. The crucial
requirement was for pure uranium oxide,

far purer than it had ever before been

prepared except in test tubes. Moreover,

his people would need tons of it, first for
experimentation, later for its ultimate use.

The visitors from St. Louis, Henry V. Farr and
John R. Ruhoff, were chemists from the
Mallinckrodt Chemical Works, a firm with

a long-established reputation for more than
ordinary skill in the manufacture of fine chemicals.
Edward Mallinckrodt had asked his technical
managers to give his friend Compton
whatever he wanted, if humanly possible.

Scientists working under the sponsorship
of the N.D.R.C., Compton explained,

had developed an ether extraction process
for the purification of uranium nitrate which
worked on a laboratory scale. Could Mallinckrodt, o> -
with long experience in handling ether, adapt it
for use in tonnage production of uranium oxide,
and achieve the necessary high purity?

The specifications were rigid. Extreme purity
was required. Time was short; but the assignment
did not differ greatly from many others
undertaken by Mallinckrodt chemists, also on

a highly confidential basis, for the chemical

and pharmaceutical industries.
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Back in St. Louis, these men quietly, secretly put
Mallinckrodt’s technical organization to work.
Less than 15 weeks later the primary problems
of commercial production had been solved, a
new plant had been designed, built, put into
operation, and Dr. Compton’s scientists were
getting their uranium oxide.

After it was all over, the Smyth report recorded:
“Delivery started in July 1942 at a rate of 30
tons a month...it was a remarkable achievement
to have developed and put into production on a
scale of the order of one ton per day a process
transforming grossly impure commercial oxide
to oxide of a degree of purity seldom achieved
even on a laboratory scale.”

By the fall of 1942, the need was for uranium
metal—and lots of it. The Manhattan Project had
been created, and a chain of supply had been set
up in the country, starting with normally avail-
able uranium products and going on, through the
oxide step, all the way to metal. DuPont, Har-
shaw, Electromet, Linde, Iowa State College and
many other organizations had been working on
various phases of uranium production. But still
more output was needed. Some of these com-
panies built new plants for oxide production.
Mallinckrodt’s operations were expanded to in-
clude uranium metal production. Technical infor-
mation was freely exchanged among these coop-
erative groups, with the result that their combined
production supplied the uranium needed for the
atomic energy program.

V-J Day left us with a miraculous achievement, a
great and threatening secret—and hope for a
bright new future with atomic energy as a peace-
time ally. But the job was still unfinished. To
ensure an adequate supply of uranium, the

United States must be able to process any ura-
nium-containing raw material—domestic or im-
ported, crude or refined—in the amounts needed.
This meant the development of new processes,
the designing of new equipment, and the con-
struction of new plants. A challenging engineer-
ing problem loomed on the horizon.

With the war over, production of uranium metal
was centralized, and it fell to Mallinckrodt to
apply the accumulated experience, that of others
as well as their own, to the development and inte-
gration of processes for producing pure metal
from ores. Leading engineering and construction
firms were called in. In cooperation with Mal-
linckrodt chemists and engineers, and under the
sponsorship first of the Army, later of the Atomic
Energy Commission, new facilities were designed
and built by such firms as Singmaster & Breyer,
Wigton-Abbott, Blaw-Knox and others—facilities
that have since been operated continuously by
Mallinckrodt at ever lower cost, and have been
the prototypes for others subsequently built.

This is an important part of America’s atomic
energy story, and the story of a Mallinckrodt
assignment—Project 42-17. Its significance to
American industry is this: Mallinckrodt was
given a tough job of critical importance—the job
of supplying tonnages of highly purified materi-
als, regularly, and at a reasonable cost. The job
was done, on time, with superlative results. Much
of the research and process development was a
product of Mallinckrodt’s own team, drawing
whenever possible upon the experience of others
engaged in similar problems. The engineering
and construction became a joint enterprise which
brought together a wealth of know-how and
experience.

Talent, skill in research and production, and the capacity to work
with specialists in related fields are the hard core of Mallinckrodt’s

creative fine chemical business. This ability s available to

American industry today, as it has been since 1867.
Your assignment can be accomplished as thoroughly and
as confidentially as Project 42-17. If you have a problem
that involves pure chemicals—organic or inorganic—

write to the Mallinckrodt Chemical Works, St. Louts, Missouri.

Mallinckrodt Street, St. Louis 7, Mo.* 72 Gold St., New York 8 N.Y. -+ Chicago * Cincinnati

Cleveland + Los Angeles » Philadelphia » San Francisco « In Canada: Toronto » Montreal
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Blood

The red fluid of the human ])Ody 1s a rich miuxture of cells

and molecules. New methods of :l'l'zwt,i011atii|1g and pl'eserving

these many constituents mercase their usefulness to medicine

Lower performed the first successful
transfusion of blood from one living
unimal to another. Later he also trans-
ferred lamb’s blood into a human being.
But he was preceded in this by the
French physician Jean Denis, who, hav-
ing learned of Lower’s experiments, had
hastened to be the first to make the hu-
man experiment. The importance of
these experiments was not underesti-
mated at the time. The newly formed
Royal Society of London announced
Lower’s achievement with a flourish in
1666. Samuel Pepys was quick to com-
ment on the medical and social implica-
tions of the discovery: “This did give
occasion to many pretty wishes, as of the
blood of a Quaker to be let into an
Archbishop.” The diarist noted the opin-
ion of doctors that transfusion “may, if
it takes, be of mighty use to man’s health,
for the amending of bad blood by bor-
rowing from a better body.”
Unfortunately the new discovery did
not “take” at the time. After several suc-
cessful transfusions, Denis had the mis-
fortune of having an important patient
die. The strong public reaction to this
event stopped further experimentation
for over a century. Not until the 20th
century did investigators learn enough
about blood to make transfusion a safe
practice. They had, first of all, to dis-
cover that the blood of one species of
animal is not compatible with that of
another, and in 1900 the Viennese im-
munologist Karl Landsteiner finally re-
moved the major obstacle to safe trans-
fusion when he identified the incompati-
ble blood groups among human beings.
Today blood and products derived
from it are used in every hospital in the
world. The handling and processing of
blood is a multimillion-dollar enterprise.
This invaluable human tissue is a

[11 1665 the English anatomist Richard

54

by Douglas M. Surgenor

uniquelv convenient healing agent: it is
easily withdrawn, is speedily replaced
by the body and performs a host of vital
functions. Even more important and ex-
citing is the fact that investigation has
begun to identify the individual blood
components that carry out these various
functions, so that we can look forward
to mining from this great raw material
a whole catalogue of “drugs”—substances
which can be preserved for long periods,
will treat various diseases and will mul-
tiply the usefulness of the blood taken
from donors.

Blood is not the simple fluid it was
once thought to be. More than 70 differ-
ent proteins have been identified in it,
not to speak of the various formed ele-
ments—the red cells, the white cells and
the platelets—of which it is composed.
And the body is constantly manufactur-
ing new supplies of these products to
replace the old: even in the case of the
long-lived red cells (average lifetime:
120 days) a human adult produces about
140 million new cells per minute.

Functions of the Blood

To appreciate the wide range of use-
fulness of blood as a therapeutic agent
we must review its main functions in the
body. The first is to carry raw materials
to the tissues and remove waste products
therefrom. The essential raw materials
include oxvgen, food elements, vitamins
and minerals. The blood also transports
internally formed chemicals such as hor-
mones. Of the waste products it carries
to the elimination outlets, one of the
most important is carbon dioxide.

The blood’s transport function is per-
formed by methods of varying intricacy.
Consider one or two examples. Oxygen
is carried by the red cells, which make
up about 45 per cent of the blood vol-
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ume. A red cell contains mainly hemo-
globin, the iron-containing protein that
readily combines with oxygen. Whether
the molecule will take up oxygen or re-
lease it depends on the oxygen gas pres-
sure in the place where it happens to be.
Thus in a region of relatively high oxy-
gen concentration, as in the lungs, hemo-
globin attaches oxygen to itself and
becomes oxyhemoglobin—a scarlet-red
substance. When this molecule reaches
the hungry tissues, where oxygen con-
centration is lower, it delivers the oxygen
and becomes dark-red hemoglobin again.
Practically all of the transportation of
oxygen in the body is accomplished by
means of this simple reversible reaction.
In a similar manner the hemoglobin of
the red cells carries carbon dioxide away
from the tissues to which it has deliv-
ered oxygen.

Most of the chemicals carried by the
blood are small molecules, like oxygen.
If they were left free, they would be
lost through the walls of the blood ves-
sels; moreover, some of them are toxic
or otherwise incompatible with other
elements in the blood. Nature has taken
care of this by providing each with a
special protein carrier which seizes the
small molecule, locks it to itself and
prevents it from diffusing through mem-
branes or reacting with other substances.
An excellent example is the transport of
iron. In the plasma (the cell-free, fluid
part of the blood) there is a certain
large protein which can bind iron tightly
to itself—the only plasma protein with
this ability. Each molecule of the pro-
tein can take on one or two atoms of
iron, and it is this protein that provides
the means of transport of the iron in the
body to its various destinations, includ-
ing the tissues where the iron is used to
build hemoglobin. Similarly specific
plasma proteins serve as carriers for



other small molecules. The albumins, the
most common proteins in the plasma,
can transport many kinds of compounds,
including metals, dyes and drugs.

The second important function of the
blood is to fight infection. The primary
line of defense is held by the white cells,
which rush to engulf and render inactive
any invader. They number only one for
every 750 red cells, and their life span
is very short. Any injury that impairs the
production of white cells (e.g., severe
exposure to radiation) greatly increases
susceptibility to infection. Another line
of defense is provided by antibodies;
these proteins, produced in response to
invasion by viruses, bacteria or foreign
proteins, are concentrated in the blood
as gamma globulins.

The blood’s third main function is to
maintain its own composition and integ-
rity. For this nature has developed most
ingenious and elaborate mechanisms.
The blood halts its own escape from the
body by a self-starting series of reactions,
still imperfectly understood, which in-
volves calcium, the platelets and a num-
ber of plasma proteins, all in trace
amounts. The process leads to the forma-
tion of thrombin, which in turn converts
the protein fibrinogen to the blood-clot
material fibrin. The internal composition
and viscosity of the blood are controlled
mainly by osmosis, which regulates its
water content. This is no simple matter,
for parts of the circulatory network, no-
tably the capillaries, are permeable to
water. The control of the water balance
between the blood and the tissues with
which it is in contact is exerted to a large
extent by the concentrations of the large
protein molecules on the two sides of the
capillary wall.

Preservation

Detailed understanding of the func-
tions of the blood, and of the surprisingly

large cast of actors that play their parts
in this versatile fluid, has come only
within the last 15 years. We now know
that besides antibodies against various
infections the blood contains at least 10
substances involved in clotting, 20 dif-
ferent enzymes, fat-containing proteins,
carbohydrate-containing proteins, metal-
containing proteins, hormones, albumins
and doubtless other still unidentified
substances. All this has compelled a com-
pletely new outlook on how blood should
be used in medicine. It becomes plain
that to administer whole blood to a pa-
tient who needs only one of its com-
ponents—a common practice today—is
grossly wasteful. As more and more com-
ponents are separated from the blood
and made widely available, each pint of
blood should multiply in value. And
since the demands are steadily increas-
ing, there is more and more need for
strict economy and maximum efficiency
in the use of the blood supplied by the
voluntary donations of the public.

It is a most fortunate fact that the dis-
covery of the various useful components
of blood has gone a long way toward
solving the most troublesome problem in
using it—the problem of preserving it.
Whole blood is an extremely perishable
material. Since late in World War II
it has been kept in a solution (citric acid,
sodium citrate and dextrose) which is
popularly supposed to preserve it for 21
days; actually what is preserved is not
the whole blood but primarily the red
cells. As soon as blood is removed from
the body, it begins to degenerate. Its en-
zymes go on breaking down the proteins,
and no fresh ones are manufactured:
within a few days the blood has declined
in ability to clot, the white cells have
begun to die and the red cells to lose
their integrity. The introduction of the
citrate solution took care of the red cells
(for 21 days), and the development of
the freezing and drying method made it

possible to preserve plasma. But these
methods can only be considered tempo-
rary expedients, for it is not economical
to store whole blood just for the red cells
or to destroy valuable proteins in plasma
just to keep the plasma. For treating
shock the albumin in plasma is fully as
effective as the whole plasma.

The problem of preserving blood is
vastly simplified when it is reduced to
the preservation of individual compo-
nents, for it is easier to meet the environ-
mental requirements of a single material.
The red cells, white cells and platelets
can be kept in a viable state far longer if
they are separated from the plasma and
from each other, and the plasma proteins
that have been isolated have proved to
be almost unbelievably stable when
treated individually.

The Components

The first feasible process for the sepa-
ration of the proteins of plasma on a large
scale was developed in the laboratory of
the late Edwin J. Cohn at the Harvard
University Medical School. Dr. Cohn
had made great strides in this work even
before Pearl Harbor, and some material
that had been produced at the Harvard
pilot plant was actually used for casual-
ties of the Pearl Harbor attack. The U. S.
military services’ first demands were for
the serum albumins, which had proved
exceedingly effective in the treatment of
shock. But Cohn insisted that the other
protein fractions in plasma also should be
saved, and in 1943 he urged the Red
Cross to establish a civilian blood pro-
gram, predicting that the antibodies in
plasma would be valuable for controlling
measles and perhaps other infectious
diseases. The fractions later isolated have
indeed proved more important than al-
bumin in civilian medicine. Besides the
antibodies, known as gamma globulins,
they include thrombin (the enzyme that

VEINS OF THE ARM, tapped for the blood used in medicine,
were depicted by Fabricius of Aquapendente (1537-1619), who first
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described their valves. Fabricius was a teacher of Harvey, and
this engraving was the basis for similar ones in Harvey’s book.
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PRINCIPAL FRACTIONS OFF THE BLOOD are depicted in pro-

portion by these schematic beakers. The average human body con-

converts fibrinogen into fibrin), fibrino-
gen itself and the antihemophilic globu-
lin, extremely effective in the control of
the bleeding tendency in hemophilia.

Pure albumin was found to be so
stable that it could be kept in solution,
without refrigeration, for more than five
years. In emergencies concentrated solu-
tions of albumin have a great advantage
over dried plasma, which has to be dis-
solved in sterile water before use. Puri-
fied fibrinogen, which is extremely un-
stable in solution, proved to be stable in-
definitely in the dry form, and in com-
bination with thrombin was used for the
control of surgical hemorrhage, as an aid
in the removal of kidney stones and to
control post partum hemorrhage. A pro-
tein that separates with fibrinogen is
active in producing a normal clotting
reaction in persons suffering from hemo-
philia.

The antibody proteins were concen-
trated in another fraction from which
they were isolated in a purified form
suitable for clinical use. The gamma
globulins have been kept for 11 years, six
in the dry state and an additional five in
solution. When gamma globulin is pre-
pared from a large pool of plasma (in
commercial production a pool often con-
tains plasma from 1,000 to 5,000 donors)
the antibody content is of course repre-
sentative of the immune status of a popu-
lation. The measles antibody fraction
was found after wide clinical trial to be
extremely effective in the control of
measles. Injection of a small amount of
gamma globulin into a person known to
have been exposed to measles completely
prevents the disease. This is a passive
immunity, however, because it persists
only as long as the injected gamma
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globulin remains in the bloodstream—
some 30 to 40 days. Use of the preven-
tive dose would be dangerous in the long
run, because it would tend to produce a
population highly susceptible to measles.
It is better to use a smaller dose, which
reduces measles symptoms so that they
are barely noticeable and at the same
time allows the patient to produce his
own antibodies and thus acquire active
immunity. This dosage policy is being
aimed at in the use of gamma globulin
against poliomyelitis.

In certain diseases the patient retains
very little antibody after recovering from
the infection. Mumps is such a disease.
Ordinary gamma globulin provides no
protection from mumps. But gamma
globulin from persons convalescing from
mumps has proved to be Very effective in
modifying the severity of the disease.
This suggests that convalescent plasma
might have great potential value in vari-
ous infections, but so far only limited
efforts have been made to make such
plasma available.

In 1944 Cohn called attention to an-
other promising opportunity. He pointed
out that periodic sampling and analysis
of the pooled plasma of a population
might make it possible to follow the
course of epidemics, “much as the course
of a comet may be followed by the photo-
graphic records of the skies.”

Blood may carry microbes as well as
antibodies, and the operation of trans-
fusion services on a large scale of course
heightens the danger of the spread of
disease. During World War II a virus
disease known as serum hepatitis was
transmitted through plasma to many per-
sons in the armed forces. The risk was
known, but it was taken because the

© 1954 SCIENTIFIC AMERICAN, INC

tains 5 liters of blood (first beaker), which consists of 2.75 liters
of plasma (second beaker), 2.22 liters of red cells (third beaker),

need for plasma in militarv medicine was
so great. Fortunately no virus diseases
have accompanied albumin and gamma
globulin, which have been given to im-
mense numbers of people. Possibly the
reason is that viruses, like other complex
proteins, are removed when these two
blood derivatives are prepared. There
are additional safety factors in the fact
that gamma globulin is dispensed in solu-
tion, in which the hepatitis virus seems
to be much less stable than in the dry
state, and that all albumin is heated for
10 hours at 140 degrees F. before being
released. Fibrinogen, on the other hand,
may be contaminated with the hepatitis
virus, but it seems likely that this frac-
tion, too, can be rendered safe from virus
transmission.

There is every reason, therefore, to
press on with the separation of the blood
into its parts. Fractionation kills three
birds with one stone: the separated com-
ponents make the limited blood supply
go much farther, they can be preserved
longer and they reduce the risk of the
spread of virus disease. Since the war a
great deal of research has been done on
the fractionation of blood, not only in
Cohn’s laboratory at Harvard but in a
number of other laboratories as well.
This program was given coordination
and considerable impetus by a 1949 con-
ference of workers on the problem, ar-
ranged by Cohn at the request of the
National Military Establishment’s Re-
search and Development Board.

Handling Blood

Essentially the problem is to reduce
interactions among the components by
rapid cooling and to separate them in a
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.02 liter of platelets (fourth beaker) and .01 liter of white cells (fifth beaker). The height
of the fraction in each of the beakers is an accurate representation of its relative volume.

way that will not damage them, thus
bringing them to a stable condition
before they have begun to deteriorate.
Under wartime conditions it was impos-
sible to process the blood rapidly: often
the plasma had to be shipped hundreds
of miles to the processing plant, and this
sometimes meant a delay of 72 hours or
more. Moreover, the processing methods
themselves were time-consuming and
damaging to the protein components.
Much of the postwar research has been
devoted to the problems of handling and
speeding up the processing of blood.

In handling blood the first require-
ment is to prevent it from clotting. A
glass or rubber surface promotes the
coagulation of blood, apparently because
such a surface is wetted by it and breaks
down the platelets, initiating the coagu-
lation reactions. Furthermore, a wettable
surface damages the white blood cells.
Hence at the beginning the tubes used
in blood transfusions were coated with
a non-wettable substance such as paraf-
fin. The chemist Eugene G. Rochow,
discoverer of the silicones, had devised
a silicone coating which later proved
very effective in preventing the clotting
of blood in glass bottles, and he also
helped develop a treatment which made
metal surfaces non-wettable. For tubing
an inert plastic was used instead of rub-
ber, and the surgeon and inventor Carl
Walter developed a new intravenous
needle through which blood could flow
in almost laminar fashion.

In the chain of reactions that causes
blood to clot the most vulnerable link is
the reaction involving calcium. Sodium
citrate prevents clotting by incorporating
calcium in an imprisoning compound.
But the use of citrate as the anti-coagu-

lant provides a false security, for it is
highly toxic to the white cells. To help
find another anti-clotting agent, Cohn
turned to Dr. Walter and John G. Gib-
son, hematologist at the Harvard Medi-
cal School. They learned that an Army
researcher, Dr. Arthur Steinberg, had
found a cation exchange resin effective
for this purpose. Passed over the resin,
the blood yields its calcium to the resin
in exchange for sodium. The process is
just like the softening of water; indeed,
Steinberg used standard water-softening
exchange resins in his experiments. Drs.
Gibson and Walter, aided by Gibson’s
brilliant young colleague, the late Ed-
ward S. Buckley, Jr., soon determined
that the resins did no damage to blood
cells and removed calcium rapidly
enough to be useful in the collection of
blood from donors. Almost all the blood
used in the researches at Harvard during
the past three years has been collected
over an exchange resin.

The next problem was to find ways to
cool the blood as rapidly as possible. It is
not a simple task to cool a bottle of blood
(uickly to the temperature of ice. Even
if the bottle be immersed in a bucket of
ice and shaken constantly, the time re-
uired is too great to make the operation
practical in a donor center. A small, ex-
tremely efficient heat exchanger was de-
veloped to do the trick. Made of a thin-
walled plastic tube six feet long, coiled
in a refrigerated bath, the unit greatly
increases the length of time the flowing
blood is in contact with the cold walls
and effectively reduces the temperature
of the blood within seconds after it
leaves the donor’s circulation.

There remained the formidable prob-
lem of separating the blood components.
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Plasma was then and still is separated in
a high-speed centrifuge, which throws
the formed elements (cells and platelets)
to the bottom of the bottle and leaves the
clear, straw-colored plasma at the top.
This procedure does no harm to the
plasma, but it irretrievably damages the
delicate white cells and platelets. There
was, in fact, no practical method of sepa-
rating white cells or platelets in a viable
state.

Separation

A major break in the problem came in
1948. It had long been known that when
blood is allowed to stand, the cells slowly
sink to the bottom of the fluid. The
Swedish investigator Robin Fahraeus
had shown that the red cells have a
tendency to pile up, much like a stack of
coins, in what he called rouleaux, and he
discovered further that an increase in the
concentration of fibrinogen in the plasma
speeded up the rate of the red cells’
sedimentation. In 1948 A. H. Minor and
L. Burnett at the Sloan-Kettering Insti-
tute observed the striking fact that
however rapidly the red cells sedi-
mented, the white cells always remained
suspended in the fluid. Gibson and
Buckley at Harvard quickly recognized
the value of this clue. By adding fibrino-
gen, which promoted the formation of
rouleaux and accelerated the sedimenta-

FRACTION PER CENT
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PRINCIPAL FRACTIONS of the plasma

are also given. They consist of proteins.
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BLOOD IS FRACTIONATED by one of several machines recently developed at Harvard
University. At the right is a compact refrigeration system. At the upper left are four small
centrifuges. The donor lies on a cot beside the machine so that his blood runs directly into it
through a thintube. The fractions are collected in small plastic bags beneath the centrifuges.

tion of red cells, they were able to re-
cover, after about an hour, a suspension
containing 80 per cent of the white cells
and platelets in the blood. How fibrino-
gen promotes the aggregation and sedi-
mentation of red cells is not yet clear; the
action appears to be related to the asym-
metric shape of the fibrinogen molecule.
A large number of otherwise unrelated
substances have the property of causing
red cells to form rouleaux; these include
polyvinyl pyrrolidone (PVP) and certain
polysaccharides related to starch. The
accelerated sedimentation process has
now become one of the best methods for
separating red cells, white cells, platelets
and plasma.

After removal of the red cells, the sus-
pended white cells and platelets are
separated from the plasma by a so-called
“falling film” centrifuge: they are cen-
trifuged out of a shallow, flowing stream
of the fluid. Recently another way of
separating platelets has been found.
Platelets are held by the exchange resin
over which the blood passes, and some
can be recovered by washing them off
the resin. James L. Tullis and W. H.
Batchelor of the University Laboratory
discovered that the resin could capture
more platelets if a little of it was satu-
rated with calcium beforehand.
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The successful development of meth-
ods for separating the formed elements
of the blood opened new vistas. For the
first time white cells and platelets were
available for research into their nature
and also into their preservation. The pre-
serving of white cells and of platelets
presented two quite different problems.

Of all the formed elements, the white
cells are the most active metabolically.
Under the microscope fresh white cells
are seen to be in constant motion, con-
tinually changing their form like amoe-
bae. Their metabolic activity is so great
that white cells do not survive more than
a few hours after removal from the body;
they can be saved only if they are placed
in a properly controlled environment.
The maintenance of the white cells in a
quiescent state for preservation is a diffi-
cult task, and the problem still remains
far from solution. Space does not permit
more than a brief account of the progress
that has been made. Working on a
chance observation, Tullis, who is in
charge of the investigation, tried using
a gelatin-containing medium which, on
chilling, forms a gel and keeps the cells
separated from one another. When the
gel suspension is liquefied by warming
up to body temperature, the cells are
found to have survived remarkably—a
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matter of weeks instead of their normal
lifetime of three or four days in the body
or a few hours in bank blood. Despite
these gains in the preservation of white
cells, their succcessful transfusion is a
hurdle not yet surmounted, partly be-
cause the problem of typing them is in-
tricate but primarily because their life
span is so short that large amounts would
have to be transfused at frequent in-
tervals.

The platelets, in contrast to the white
cells, have very little metabolic activity.
But they cannot withstand exposure to
wettable surfaces or packing together
too tightly. However, if carefully han-
dled and stored in a gelatin-containing
medium similar to that used for white
cells, they retain their clot-promoting
activity for months and can be success-
fully transfused.

Proteins and Metals

As for the plasma proteins, much of
the research has focused on their inter-
esting reactions with metals; indeed,
these reactions have become the basis of
a whole new field of chemistry. Proteins
unite with metallic ions (calcium, mag-
nesium, manganese, copper, cobalt, iron,
zinc) with various degrees of vigor. At
one end of the spectrum are proteins to
which the metals are so firmly attached
that the molecule must be broken up to
release them. The iron-containing pro-
tein, hemoglobin, falls in this group.
Then there are enzyme proteins which
require a metal ion for their activity and
can take on the metal or shed it. At the
other end of the spectrum are proteins
which form only loose associations with
metals. The proteins that bind calcium
are representative of this group; they
readily give up their calcium to simple
exchange resins.

Let us look at the reactions of proteins
with zinc ions as an example. The addi-
tion of a zinc ion to a protein often pro-
duces a pronounced change in the solu-
bility of the protein, and the reaction is
completely reversible: when a reagent
which removes the metal is added, the
insoluble compound passes back into
solution. The addition of zinc to human
plasma precipitates roughly one third of
the proteins. The precipitate contains
all the fibrinogen and immune globulins,
the fat-containing proteing known as
beta-lipoproteins and a number of oth-
ers, especially the more labile proteins.
This is highly convenient, because it
makes easy the separation of the immune
globulins and the clotting proteins,
which can be extracted from the precipi-



TWO CENTRIFUGE ROTORS of the four in the machine on the (lower photograph). The rotors turn at 2,000 revolutions per min-
opposite page are shown from the top (upper photograph) and side ute, fractionating blood as shown in diagrams on next two pages.
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BLOOD CELLS AND PLASMA are separated by centrifuge. At
the top is a cross section of a spinning rotor; at the bottom the
rotor is stopped. The blood enters the rotor from the bottom and
flows down the inner wall of its upper chamber. Because red and
white cells are heavier than plasma, they move outward, leaving the
plasma behind. As the chamber fills, the plasma overflows through
a ring of holes and empties into a stationary collecting chamber.
‘When most of the plasma is separated in this manner, the rotor is
stopped (bottom) and the red and white cells drain out together.
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RED CELLS, WHITE CELLS AND PLASMA aresseparated in an
alternate rotor. Here a small quantity of high-density solution is
placed in the upper chamber of the spinning rotor. As the blood
flows outward, the heavier red cells penetrate the high-density
layer, leaving the white cells and plasma behind. As the chamber
fills, the white cells and plasma fall through a ring of holes. The
plasma pours into the lower chamber, while the white cells col-
lect in the space between the two chambers. When the rotor is
stopped (bottom), the red and white cells drain out separately.
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PLATELETS are separated in a “falling-
film” rotor. Here the platelet-containing
plasma flows downward in a thin film on
the inside of a spinning tube. Though only
slightly heavier than plasma, the platelets
need only traverse the thickness of the
film to be removed from the flowing stream.
The plasma discharges from the bottom of
the tube. The platelets are then washed out.

tates in purified form by chemical and
simple ion—exchange processes.

The plasma proteins left after removal
of those that go off with the zinc include
all the albumin, the iron-binding globu-
lin, most of the carbohydrate-containing
proteins and the so-called alpha-lipo-
protein. These proteins are responsible
for more than 80 per cent of the osmotic
efficiency of whole plasma. With part of
the water removed this solution could
be quite as effective as whole plasma or
concentrated albumin solution for the
treatment of shock and burns. Moreover,
it is remarkably stable—considerably
more stable than plasma. It has there-
fore been named Stable Plasma Protein
Solution (SPPS). The solution requires
no refrigeration during storage; prepa-
rations stored for two years are still crys-
tal clear. Furthermore, SPPS can be
pasteurized by heating at 140 degrees
Fahrenheit for 10 hours without harm.
This kills the virus of serum hepatitis and
makes the solution safe.

The almost unbelievable stability of
the products prepared by this method is
without precedent in protein chemistry;
doubtless it is a result of not exposing
the proteins to the harsh conditions of
acidity which obtain in all older meth-
ods. The metal treatment method has
greatly simplified the preparation of the
gamma globulins and has made possible
for the first time the isolation in undam-
aged condition of many physiologically
important proteins. Already it appears,
for example, that the important proteins
involved in blood coagulation, as well
as a number of other protein compo-
nents of the plasma, can be made avail-
able for clinical evaluation and use.

Besides zinc, metals such as calcium,
magnesium and even lead and mercury
are being used as reagents; the latter
two metals, generally regarded as pois-
ons, can be removed by ion exchange
resins, but so far they have been used
only experimentally. In the broad pro-
gram at the University Laboratory Frank
Gurd has put the metal reagents to work
in investigating the nature of the groups
on the protein molecule with which the
metals react. The new tools are also be-
ing utilized in the study of tissues other
than blood—the proteins of milk and
several viruses.

Processing at Bedside

What are the practical implications
of this vast new store of knowledge about
blood? Aside from the fact that it has
made available for scientific study sup-
plies of white cells, platelets and the
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labile proteins of plasma, it has already
borne medical fruit in the form of new
equipment for the virtually automatic
processing of blood. This apparatus,
called Biomechanical Equipment for
Blood Collection and Processing, has
been under development in Cohn’s labo-
ratory for over three years and is now
essentially completed. The current model
is a portable three-foot cabinet, one half
of which houses a compact refrigeration
system, the other half a mechanical driv-
ing unit and centrifuge. The unit is
placed near the cot on which the donor
lies. Just before use, a sterile cartridge,
taking the place of the blood bottle, is
inserted into the machine. This engages
the driving mechanism and couples the
cartridge with the circulating refriger-
ant. The nurse then has only to prepare
the donor and insert into the vein of his
arm a specially coated needle connected
to the cartridge by plastic tubing. The
blood flows first through an ion-exchange
column, which removes the calcium and
may be used to collect platelets, then
through the heat exchanger, which low-
ers its temperature to just above freez-
ing. After this it flows into the heart of
the machine, a complex multichambered
bowl rotating at approximately 2,000
revolutions per minute.

As the blood spurts into the upper-
most chamber of this bowl, it is caught
in the centrifugal field and thrown out-
ward along the curved wall of the cham-
ber. Here it comes into contact with a
layer of solution of a certain density,
such that the heavy red cells go through
it and the lighter plasma and white cells
float inside it. The red cells, the “high
density solution” and the suspension of
plasma and white cells thus form three
separate layers. As blood continues to
flow in, the volumes of the red-cell and
plasma layers increase until the cham-
ber is filled. This occurs approximately
halfway through the donation. There-
after the white cells and plasma overflow
through small openings at the inner sur-
face into a second chamber, which con-
centrates the white cells precisely as the
upper chamber concentrates the red
cells, leaving only the plasma to over-
flow into a separate container. When
the nurse removes the needle from the
donor’s arm, the separation of cells and
plasma is complete: the platelets are in
the ion-exchange column, the red cells
in the centrifuge’s upper chamber, the
white cells in the lower chamber and
the plasma in its container. The centri-
fuge is then stopped; the red cells and
white cells fall into separate containers,
and the platelets are washed out of the
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A THIRD OF THE PROTEINS in plasma are precipitated by the addition of zinc. These

include fibrinogen and gamma globulin. The components are then separated by other means.

column. Alternatively, the platelets and
the white cells may be left with the
plasma, to be removed later by centrif-
ugation from a falling film.

This ingenious new centrifuge was de-
signed by Cohn and his mechanical ex-
perts, including Charles Gordon, Fred
Gilchrist and Robert Tinch, specifically
for centrifuging blood. All processing is
carried out in a closed, sterile system.
The centrifugal force to which the cells
are exposed in the new machine need
be only 200 times gravity—a fraction of
the force employed in the standard
equipment now in use. And the equip-
ment is flexible. For example, the operat-
ing cycle can be varied to meet the re-
quirements of the user. The simplest
operation might be that of a blood bank
that wanted to salvage the plasma and
red cells from whole blood which had
been stored for three weeks and from
which the white cells and platelets had
long since disappeared. For this opera-
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tion only the upper red-cell chamber
would be needed, to separate the red
cells and other remnants of formed ele-
ments from the plasma.

A more unusual application for which
the new equipment is being adapted is
called immunophoresis. This technique
was suggested by the virologist Joseph
Stokes, Jr., of the Children’s Hospital in
Philadelphia, as a means of solving the
shortage of gamma globulins for polio-
myelitis protection. Stokes proposes to
collect the blood of selected donors who
are hyperimmune to polio, separate the
plasma and precipitate the globulins
therefrom and then reinject the cells and
remaining plasma proteins into the
donor. This would be a globulin donation
rather than a blood donation. Since
about 93 per cent of the proteins in a
pint of blood would be returned to the
donor, the burden of a donation would
be slight and a donor might be able to
give globulin as often as once a week.
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Navys new radio Voice
dedicated to America’s security

WORLD’S MOST POWERFUL MILITARY RADIO TRANSMITTER
A 6-YEAR NAVY-RCA PROJECT!

On Jim Creek, in the State of Washington, stands the world’s
most powerful military radio transmitter—its giant
antenna stretches from mountain peak tomountain peak.

A 6-year project of the Navy and RCA, “Big Jim”
was built and installed to provide the Navy, for
the first time, with instant communications with
naval units everywhere, on the seas and under the
seas, on land and in the air.

Speaking at the dedication ceremonies, Brig. Gen.
David Sarnoff, Chairman of the Board of RCA, said:
“May I express the wish, which I know dll in our
Armed Services share, that this powerful instrument

for transmitting intelligence may add to our
national security and to the peace of the world.”

The first message flashed by the “Big Jim” trans-
mitter was from Admiral Robert B. Carney, Chief of
Naval Operations, to U. S. Navy personnel around
the world. He said:
“With this message we forge another link between
you and your homeland. With it, we build a new
security channel from America to the naval units
which form its outer ramparts of defense.”

AT DEDICATION CEREMONIES —General Sarnoff operates key
to transmit first message, dictated by Admiral Carney, to
fleet units around the world.

®
RADIO CORPORATION OF AMERICA

World leader in radio— first in television
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The Shape of’ Raindrops

They are not handsomely tapered but often resemble a small

hamburger bun. This unpoetical form, frozen by high-speed

photography, is analyzed to reveal the forces that mold it

ne of the few predictions that a
Ometeorologist can make with con-
fidence of almost 100 per cent ac-
curacy is that if you ask an illustrator or
cartoonist to draw a falling raindrop, his
picture will be dead wrong. Without fail
he will give it the streamlined shape
commonly known as the teardrop.
Meteorologists have known for many
years that a real raindrop bears no re-
semblance to this drawing-board im-
postor. As pictured by high-speed
photography, the usual small-sized drop
(less than a millimeter in diameter) is
almost perfectly spherical, and a larger
drop is a squat object resembling noth-
ing so much as a hamburger bun.
While this real picture is esthetically
less satisfying than the teardrop fiction,
it is of considerable interest to meteor-
ologists. Just why the large raindrops
take the deformed shape that they do
has been a puzzle for half a century. I
became interested in the problem in a
casual way which seems to illustrate how
the non-systematic approach in science
can sometimes bear fruit. While brows-
ing through a work on surface physics,
I came upon a general equation which
described the internal pressure in any
fluid object, whatever the shape of its
surface curvature. A slightly different
equation, applying only to a spherical
shape, had previously been tried on the
drop problem without complete suc-
cess. This more generalized relation was
immediately recognizable as the key to
an understanding of the deformation
of large raindrops. It took only a few
minutes to formulate the general outlines
of a new hypothesis for raindrop shape.
But to obtain an adequate check on this
new hypothesis and to expand it in cer-
tain necessary details required several
months” work. The results seem to show
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by James E. McDonald

that one can, in fact, give a fairly good
account of the way in which oversized
raindrops develop their hamburger-bun
shape. They also bring out that a falling
raindrop is the seat of some surprisingly
complex physical processes.

One might begin by asking why a drop
of water should bear any resem-
blance to a sphere at all. The answer is
that surface tension always tends to re-
duce the surface of a free mass of liquid
to the smallest area it can achieve. The
smallest possible surface area is that of
a sphere, and an isolated drop of liquid
not distorted by external forces is pulled
by its surface tension into a spherical
shape. In terms of thermodynamics, it
adjusts itself to the spherical shape to
minimize its surface free energy.

The question can also be considered
in terms of pressure. The internal pres-
sure just inside the convex surface of
a drop is higher than the external pres-
sure prevailing in the surrounding gas.
The smaller the radius of curvature, the
greater is the pressure difference be-
tween the two sides of the convex sur-
face. (For example, a cloud droplet of
one micron radius has an internal pres-
sure of more than two atmospheres.)
If our isolated drop should momentarily
assume some shape other than that of a
sphere, its surface would have different
radii of curvature at different points, and
the internal pressure just below the sur-
face would momentarily be dissimilar at
these various points. The consequent
pressure gradients within the drop
would tend to force liquid from the re-
gions of sharp surface curvature to those
of more gentle curvature. This is equiva-
lent to saying that surface tension,
through its control of internal pressure,
reshapes the drop into a sphere when-
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ever it happens to become slightly de-
formed. When the drop is finally brought
into the shape of a perfect sphere, the
uniform surface curvature makes the
pressure difference uniform at all points
of its surface, and the internal pressure
within the drop also is uniform, provided
that the external pressure field around
the drop remains so.

Such a uniform pressure field actually
exists in an ordinary fog or cloud, and,
sure enough, photomicrographs of cloud
and fog drops show that these tiny par-
ticles are indistinguishable from perfect
spheres. Doubtless precise measure-
ments would disclose that they depart
slightly from perfect sphericity, because
of the weak gravitational and aerodyna-
mic forces acting on them, but a manu-
facturer of precision ball-bearings would
be very happy to turn out bearings as
close to perfection as these drops.

The disturbing effects on drop shapes
that appear as one considers larger and
larger drops seem to be due almost en-
tirely to aerodynamic and gravitational
forces. A. F. Spilhaus, now at the Uni-
versity of Minnesota, was the first to call
attention to the role played by aerodyna-
mic forces in shaping raindrops. As drops
grow larger and their falling speed in-
creases, the disturbance of the air sets up
momentary non-uniformities in the air
pressure around them. The big drops
that pelt down in a summer thunder-
storm plummet through the air so fast
that they continuously create about them
their own shape-deforming pressure
fields as they fall.

Now it is well known that when a body
falls the air pressure just under the body
becomes higher than average and the
pressure around its sides lower than
average. This means, of course, that the
internal pressures within a large falling



FALLING DROPS OF MILK, used instead of water because of In the third, fourth and fifth pictures the shape of the drop briefly
their high visibility, were photographed with high-speed flash by oscillates. In the sixth it is spherical. In the last picture the drop
Harold E. Edgerton of the Massachusetts Institute of Technology. has attained an almost stable configuration after a fall of 14 feet.
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FALLING DROPS OF WATER were photographed by Choji Magono of Yokohama Na-
tional University. The volume of the drop at the top is equivalent to that of a sphere 6.5
millimeters in diameter; its velocity is 8.9 meters per second. The corresponding num-
bers for the other drops are as follows. Second drop: 6 mm. and 8.8 meters per second.
Third: 4.8 mm. and 8.3 meters per second. Fourth: 2.8 mm. and 6.8 meters per second.
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raindrop must change accordingly; the
drop develops an excess of pressure near
its bottom and a deficiency of pressure
all around its waist. And if we momen-
tarily assume that the air flow is that of
a perfect fluid, there will be an excess
of internal pressure near the top of the
drop as well as near the bottom.

,_\t this point we obtain a vivid notion
4+ X of how a drop takes care of its own
shape. The gradients of internal pressure
drive water from near the base and top
cut into the regions around the waist,
thereby tending to flatten the drop and
increase its horizontal diameter. Even
more intriguing is the fact that the re-
sultant modification of the drop’s sur-
face curvature is of just the kind required
to help the drop restore a uniform inter-
nal pressure and achieve an equilibrium.
The sharpening of the curvature around
the waist adjusts the surface tension ef-
fects to make up for the deficiency of ex-
ternal pressure there, while the flatten-
ing of curvature near the base and top
tends to cancel the effects of the exces-
sive external pressures in those regions.
Together the joint action of surface ten-
sion and aerodynamic forces deforms the
drop continuously until it reaches a
stable internal pressure distribution.

But clever as a raindrop may now
seem in managing its affairs, one must
ask whether a large drop has truly
brought itself into complete mechanical
equilibrium when its internal pressure
is uniform. The answer is that it has not,
for it must still meet an important de-
mand of the laws of gravity: that is, it
must develop a vertical pressure gradient
just sufficient to permit the lower strata
of the drop to hold up the upper ones in
the gravitational field. Briefly, a liquid
drop falling at terminal velocity can be
in full mechanical equilibrium only when
its internal pressure, instead of being
uniform throughout, varies vertically in
such a way as to satisfy the familiar
hydrostatic equation relating liquid den-
sity, liquid depth and the acceleration
of gravity. If the drop were accelerating
freely in the earth’s gravitational field,
this hydrostatic requirement would not
appear. But raindrops reach a terminal
uniform velocity after only a few yards
of fall; hence small but important hydro-
static pressure gradients must exist with-
in them. '

In the tiny droplets of clouds the
hydrostatic gradients are not important,
because the difference in internal pres-
sure from top to bottom of these micro-
scopic globules is negligibly small com-
pared to their internal pressure increase



due to surface tension. The top-to-bot-
tom hydrostatic pressure differential
varies directly with drop size, while the
surface pressure increment varies in-
versely with drop size. Consequently, by
the time a cloud droplet has grown into
a large raindrop hydrostatic effects have
become about equal in importance to
surface-tension effects—a point which
appears to have been overlooked by
those who have examined the raindrop-
shape problem in the past.

Combining the hydrostatic principles
with the aerodynamic principles, one
next obtains a curious result. If we de-
mand that drops deform in such a man-
ner as to yield an internal pressure field
satisfying the hydrostatic equation, we
find to our embarrassment that the drop
must be flatter on its upper side than on
its lower—which is just the reverse of the
shape that falling raindrops actually
take.

An aerodynamicist would spot the dif-
ficulty very quickly. We have assumed
so far that the drops are falling through
a perfect, non-viscous fluid. Actually air
has some viscosity, enough to have a
significant effect on an object of raindrop
size (one to five millimeters in diameter)
and falling speed (five to eight meters
per second). Around a large raindrop
the air must behave essentially as it does
over the wing of an airplane in a stall:
the boundary layer of air just next to the
object (raindrop or aircraft wing) sepa-
rates from the object and leaves a turbu-
lent wake. In such a wake region the air
pressure is always lower than it would be
for perfect fluid flow in which the stream-
lines neatly close in behind the object.
Thus the lower air pressure in the wake
of a falling drop forces a greater curva-
ture of its upper surface than of its un-
derside.

When the drop has accomplished this
adjustment, it is at last in full equili-
brium with all of the important forces
that play upon it as it cleaves through
the air. It seems almost unfair that the
fate of so cleverly equilibrated a little
system may be no more glorious than to
splatter down on some dusty road at the
beginning of an August thundershower.

he role of boundary-layer separation

came to light only after I had com-
puted pressure profiles from measure-
ments made on an actual photograph of
water drops provided by Choji Magono,
now of Yokohama National University.
The method used to deduce the aero-
dynamic pressure distribution over the
surface of a drop hinged upon the use
of certain relationships concerning the

FLOW OF AIR around a large falling raindrop is indicated by the red lines in this dia-
gram. The boundary layer streamlines follow the curve of the drop until they reach the
“separation point.” Above the drop and enclosed by the separating boundary layer is a
turbulent region. The low pressure of this region is responsible for the shape of the drop.

+460 +449 +339

+92

DISTRIBUTION OF PRESSURE is given for a 6-mm. drop falling 8 meters per second.
The numbers outside the drop give the difference between the pressure around the drop
and that of the atmosphere. The red numbers inside give the difference in surface pres-
sure; the black numbers, in internal pressure. The units are dynes per square centimeter.

differential geometry of surfaces of revo-
lution obligingly worked out by my col-
league J. M. Keller at Iowa State Col-
lege. The falling speed and size of the
photographed drop were known, and its
curvature at every point could be accu-
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rately measured on the picture. The first
step in the analysis was to determine the
pressure at a single point. Fortunately
the pressure at the center of the under-
side of a falling body can be calculated
even if nothing is known about the rest
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American makes science
- serve its customers

It may surprise you to learn that American Felt Com-
pany keeps a Geiger Counter open in its Engineering
and Research Laboratory. It is used to make sure no
radioactive atomic particles from the atmosphere get
into wool or other fibres used in making felts for indus-
trial filtration, as in film, chemical or drug manufacture.
All the other devices listed here have special applica-
tions, and are employed by chemists, engineers and
technicians in our Laboratory to check every phase of
our operations accurately. We are proud of -our scien-
tific approach to technical problems and invite your

AmericanFelt
Com

Geiger Counter
pH Meter
Colorimeter
Avutoclave
Fungus cultures
Fadeometer
Research Microscopes
Air Permeameter
Galvanometer
Durometers
Vibration Meters
and others.

CONSTAT gives you
exact copies instantly

Don’t wait for copies; make
’'em yourself in 40 seconds
with the new Portable
CONSTAT Copy-Maker!
CONSTAT saves countless
hours and dollars for lawyers,
researchers, professional and
business men and women.
Copies letters, book pages,
documents up to 815” x 14”.
Light, compact. GUARAN-
TEED. Prices: $39 to $161.50.
Write for Free Folder Now!

440 High Street
Deep River, Conn.

Kindly send Contoura-Constat brochure.
NAME
OCCUPATION
ADDRESS

inquiries.

y

TRADE, MARK

58 GLENVILLE ROAD, GLENVILLE, CONN.

ENGINEERS

DESIGNERS — DRAFTSMEN
Electrical = Mechanical

Do YOU helong in this
picture of progress?

Exceptional project diversification —
military and commercial — enables
MELPAR to offer you individual rec-
ognition, rapid advancement and
ground-floor opportunity with a pro-
gressive company. If you qualify and
wish to join this successful, growing
organization, write now for further
information about a personal interview
1n your area.

Experience desired in one or more of
these or allied fields: Radar ¢ Sonar
» Fire Control Systems * Micro-Wave
Techniques * Pulse Circuits * Servo
Mechanisms ¢ Electro-Mechanical
Design * Speech Compression ¢ Small
Mechanisms * Antennae Design
Flight Simulators * Subminiature
Layout

Address: Personnel Director, Dept. SA-2,

A
“melpar

10 Potter Street 440 Swann Ave.
Cambridge, Mass. Alexandria, Va.

A Subsidiary of the Westinghouse Air
Brake Company
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of the airflow pattern. This, added to the
pressure due to surface tension which
was computed from the curvature at the
bottom, gave the total pressure just in-
side the lowest point of the drop. Since
the drop was in hydrostatic equilibrium,
the internal pressures at all the other
levels could be calculated. The surface
tension pressures at other points were
calculated from curvature measurements
and subtracted from the internal pres-
sure. This gave the outside air pressure
all around the drop. The pressure pat-
tern thus deduced turned out to be much
like the patterns observed in wind-tun-
nel work on separating boundary layers.

The idea that there was a separation
of boundary layers around raindrops
agreed with observations. Ross Gunn of
the U. S. Weather Bureau had reported
a curious sideslipping of falling drops of
about one millimeter diameter, and he
had shown rather convincingly that this
odd behavior must involve eddies. Ed-
dies can be shed only from a wake re-
gion enclosed by a separating boundary
layer. Later a more quantitative type of
evidence for the shape hypothesis was
obtained by means of a calculation of the
total pressure drag acting on a falling
drop. In the case of a drop falling with
uniform velocity, this pressure drag plus
the drag of friction (which is very small)
must be equal to the weight of the drop.
It was found that the drag was in fact
equal to the weight to within the limits
of precision of the methods employed in
the pressure calculation. It now appears
reasonably safe to conclude that the
queer shape of a large raindrop results
in an understandable way from a con-
spiracy among the forces we have here
examined.

f what use is the result? First of all,

it is always pleasant to acquire some
understanding of even a minor peculiar-
ity of nature. Then also, the study yield-
ed information which may be useful for
solving the vexed problem of why and
how raindrops break into fragments in
the turbulent regions of clouds. Finally,
the clear recognition of the role of boun-
dary-layer separation in the aerodyna-
mics of raindrops will almost certainly
help to clarify the nature of heat and
vapor transport at the surface of falling
raindrops. ,

But, to end on a note of dark pessi-
mism, it seems quite improbable that any
amount of progress in exploring the
drop-shape problem will persuade car-
toonists and commercial artists to alter
the shape of their peculiar brand of rain-
drops.



What General Electric people are saying . ..

G. C. HOUSTON

Mr. Houston is Manager— Manufactur-
ing Training Services Section, Manufac-
turing Personnel Development Services
Department.

* . . . Leadership ability is not de-
veloped by attendping lectures or by
reading, even though such activities
may be helpful in stimulating think-
ing and developing a higher degree
of understanding. We believe, with-
out qualification, that the only
sound way to acquire and develop
these abilities is through the process
of learning by doing. Consequently,
any well-conceived leadership de-
velopment program is built around
these principles .

Provide opportunities in the work
situation to practice doing those
things required of men in positions
of leadership responsibility.

Associate with proved leaders.

Adequately evaluate performance
and give sound guidance and counsel-
ing along the way.

Each of the individual’s assign-
ments in his work situation should
be supervised by a man who has
already proved his leadership abil-
ity, who is genuinely interested in
developing others, and who is famil-
iar with the objectives of the assign-
ment in relation to the needs of the
candidate. The assignment should be
planned to provide experience which
will not only increase the candidate’s
know-how, but which will also
provide an opportunity to strengthen
his weak points or further develop
his specific abilities.

G. E. Review

P. R. HEINMILLER

Myr. Heinmiller is Managing Editor of
the General Electric Review.

. . . There is more writing in in-
dustry than turning out technical
reports. There are letters and memo-
randums, reports and articles to asso-
ciates in your field of engineering,
and what is most difficult of all,
presentations to management. I say
‘most difficult of all’ because you
must get your ideas across to non-
engineers, and you cannot take
reégc in technical jargon.

When writing signed articles for

technical publications, you must:
know your audience, write so your
audience can understand you, and
keepeverythinginalogical sequence.
Be complete and concise, use active
verbs, mix short sentences with long
ones to give a change of pace, and
avoid clichés. Start with an outline
and then fill it in.

All other things being equal, the
engineer who is articulate, who is
able to express himself orally and
in writing in an understandable man-
ner, will gain more prominence than
one who cannot. (I prefer the word
“‘prominence’’ to “‘success,”’ because
the latter has conflicting definitions
and often carries a high price tag.)

at Case Institute of Technology,
Cleveland

H. M. ROZENDAAL

Dr. Rozendaal is Manager—DBiological
Studies Section, General Electric Research
Laboratory.

. . . Engineers and physicists have
contributed much to technics in
medicine and biology. Many of their
efforts have been in the field of
medical physics or biophysics. They
have led to the discovery or develop-
ment of apparatus, such as electro-
cardiographs, x-ray machines, dia-
thermy equipment, electron micro-
scopes, analytical apparatus using
ultraviolet and infrared light, to
mention only a few. Drs. Whitney
and Coolidge in our Laboratory
have been pioneers in this field and
theircontributionsareknowntoevery
physician.

And now atomic energy has seri-
ously affected medical diagnosis,
medical therapy and biological re-
search. New apparatus is being intro-
duced to medical personnel. New
devices for more accurate measure-
ments and localization of radioactive
isotopes in the body are needed. In
these and allied fields, the engineer,

the medical man and the biologist
have many interests in common. We
must encourage these people to get
together to explore problems of
mutual interest. Such an approach
will be of interest to the scientists
but, much more important, it may
result in developments of great bene-
fit to our patients.

Institute of Radio Engineers,
Syracuse, N. Y.

H. F. MILLER

Dr. Miller is Manager—Advance and
Development Engineering Services Divi-
sion

Itis estimated that at present there
are about 100-million acres of worn-
out land in this country. Bringing
this land back to productivity is one
of the major tasks that must be
undertaken.

This will require vast quantities
of the nitrogen-, phosphorus-, and
potash-type fertilizers. But apart
from this, recent discoveries have
shown that it is possible not only to
alter the chemical composition of
soil but also its physical composition
—characteristics such as porosity,
density, texture, and moisture reten-
tion. Small quantities of organic
materials—the ‘‘soil conditioners’
as they are called on the retail
market—are capable of doing many
of the things that only humus in the
soil could formerly do.

In the next 25 years the need will
also arise for other chemical addi-
tives needed for the soil to support
the growth of the mold or the fungi
now present in humus. There is con-
jecture that soil molds and bacteria
play a great role in transferring
nutrients from the soil to the roots of
the growing plants. This is a chem-
ical 1ndustry—not now in existence
—that could be breath-taking in
scope.

G.E. Review

GENERAL @3 ELECTRIC
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Curiosity in Monkeys

Some amusing experiments of the psychological laboratory

indicate that this trait of primates may be an even more

Sfundamental part of their make-up than previously thought

uriosity is certainly one of the
C strongest motives in human be-
havior. Children begin very early
to explore the world around them: they
are excited by new sights and sounds,
continually manipulate and investigate
their toys or other small objects, and in
general are extremely responsive to new
things and events in their environment.
Indeed, severe deprivation of environ-
mental stimulation may permanently re-
tard a child’s development.

Until recently little or no research has
been conducted on the curiosity motives,
for reasons which are not hard to dis-
cover. A current theory in psychology
has reduced human motivations to the
biological drives of hunger, thirst and
sex and the conditioned drive to avoid
pain, and it has maintained that all learn-
ing is based on these drives. Curiosity
was dismissed by the behaviorists as an
“instinct,” beyond the scope of experi-

by Robert A. Butler

mental investigation. But in recent years
psychologists have found a great deal of
experimental evidence that the behavior
of human beings and other primates
cannot be explained adequately in terms
of biological or pain-avoidance drives.
Some experimental study has been given
to the curiosity motives in monkeys, and
this article will review those studies.
The everyday behavior of monkeys
seems plainly to be motivated in consid-
erable part by something akin to curi-
osity. Monkeys, not unlike children, per-
sist in examining things in their imme-
diate environment by close inspection
and manipulation. Every object pre-
sented to a monkey is at one time or an-
other handled, fondled, scratched,
rubbed, bent, picked at, bitten and
pulled apart before finally being dis-
carded. A monkey will tamper with the
lock on his cage door and will invariably
confiscate any objects left on accessible

shelves. In short, a monkey spends a con-
siderable portion of his life “monkeying
around” with anything he can get his
hands on.

To prove that monkeys have a funda-
mental curiosity drive, or drive to mani-
pulate, we must demonstrate three
things: (1) that they will work for long
periods with the manipulatory behavior
itself as the sole reward; (2) that the
manipulation drive will produce learn-
ing, in the same way as the hunger or
pain-avoidance drives, and (3) that no
drives other than curiosity are signifi-
cantly influencing the experimental re-
sults.

Plarry F. Harlow and his associates at

the University of Wisconsin were
the first to investigate manipulatory be-
havior in monkeys. Their experiments
were designed to determine whether
monkeys can learn how to solve a me-

CURIOUS MONKEY stares out into the busy laboratory. Tire-
lessly the monkey in this experiment would push open the door
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with the blue card on its back when it learned that this and
not the adjacent yellow door afforded a glimpse from its cage.



chanical puzzle with no reward other
than the working of it. The puzzle con-
sisted of three interlocking devices—a
metal pin, a hook-and-eye and a hasp.
The three items could be disengaged if
the monkey first removed the pin, then
took the hook out of the eye and finally
lifted the hasp. If the monkey touched
any of the items out of order, it was
counted as an error. After a few training
sessions the monkeys’ score was nearly
perfect. Then the puzzle was made
harder by adding more devices, but it
was just as readily solved. Another study
investigated the persistence of this be-
havior. Every six minutes the puzzle was
reset. The monkeys went on disassem-
bling it repeatedly for 10 hours, at which
point the experimenters, rather than the
subjects, had had enough.

Recently Wisconsin’s Primate Labora-
tory devised a puzzle that involves learn-
ing to discriminate between stimuli. The
usual procedure in such a test is to give
a reward, such as food, for the correct
response in a choice between two differ-
ent stimuli. But in this experiment the
only reward was the opportunity to
manipulate objects. Ten screw eyes were
mounted in two vertical rows on a metal
panel. Five of them, colored red, were
removable; the other five, colored green,
were firmly fixed. The screw eyes were
randomly placed so that the only clue
to whether they were removable was
color. The monkeys soon learned that
the red screw eyes could be removed to
play with, and they almost unerringly
touched only those.

These experiments yielded two im-
portant findings: that the opportunity to
manipulate objects is reward enough to
motivate monkeys to learn, and that an
external stimulus, like an internal, bio-
logical one, can evoke a drive. The cu-
riosity motives apparently are initiated
by external stimuli.

What kinds of stimuli are most effec-
tive in eliciting the manipulation drive?
Wallace Welker of the Yerkes Laborato-
ries of Primate Biology has just com-
pleted experiments on chimpanzees
which bear directly on this problem. On
a table before the chimp’s cage he placed
a pair of objects. One of the pair would
be movable and the other fixed, or the
handling of one would produce a sound
and the other not. Like monkeys, the
chimpanzees showed a strong preference
for movable objects over fixed ones and
for objects that produced a sound or
triggered a light over those that yielded
no change in the environment. After 30

minutes with a pair of ObjeCtS the ani- EAGER to peer out of its cage, the monkey shown from without on the facing page is about
mals became bored and stoPped han- to open the blue door. All these photographs were made at the University of Wisconsin.
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TIRED OF BREATHING TIRES ? Your lungs are, if
you’re a city dweller. Experts figure that tiny
particles from rubber tires make up 40% of
the dirt in city air. Other elements: coal soot,
30%; sand and grit, 20%; live bacteria, 10%.

SHORT-STOPS GREASE
DROPS! Air-Maze

Greastop filters grab
air-borne grease, dirt
and dust from the air
—prevent fire hazards
in kitchen exhaust
ducts. It’s one of hun-
dreds of filter types
/ designed by Air-Maze

. — the filter engineers.

SOUND IDEA FOR DIESELS. Noisy diesel air
intakes cause employee fatigue and annoy
neighbors. But Air-Maze filter-silencers hush
the racket while they clean the air.

WHETHER YOU BUILD OR USE engines, com-
pressors, air-conditioning and ventilating
equipment, or any device using air or liquids
—the chances are there is an Air-Maze
filter engineered to serve you better. Repre-
sentatives in all principal cities. For con-
densed product catalog write Air-Maze Cor-
poration, Department D, 25000 Miles Road,
Cleveland 28, Ohio.

TN

The Filter Engineers

AIR FILTERS
SILENCERS
SPARK ARRESTERS

LIQUID FILTERS
OIL SEPARATORS
GREASE FILTERS
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TOY TRAIN proved to be a strong visual incentive for monkeys to open the door repeat-
edly in order to be able to view it. An even stronger one was the sight of another monkey.

dling them, but their interest could be
maintained if new stimuli were intro-
duced periodically. Young chimpanzees
consistently displayed more manipula-
tory behavior than older ones.

Monkeys and apes watch closely ev-

- erything that goes on around them.
Perhaps this expression of curiosity in
monkeys accounts for their popularity
with man. At the zoo or in the labora-
tory, man and monkey seem to observe
each other with great interest. Which
one derives more information from the
experience remains an enigma. It is as if
man as an observer meets his first real
competitor in the monkey. Sometimes
this competition becomes rather unnerv-
ing. I had such an experience during the
course of a series of experiments at the
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Wisconsin laboratories. I was testing
monkeys on a food-rewarded problem.
The monkey worked behind a screen
where it could not see the experimenter.
By the same token, the experimenter
could not see the monkey, and there was
a great temptation to peek to find out
what the animal was doing. I first made
a small peephole in the panel, but the
monkey quickly discovered it and there-
after spied on me as often as I did on
him. I next tried placing a small mirror
in a position that enabled me to watch
the animal constantly. The monkey
turned the tables by dropping its work
and watching me through the mirror!
Taking advantage of this lead, we de-
signed an experiment to investigate
monkeys’ visual exploratory behavior.
The apparatus was essentially an enclos-



BOWL OF FRUIT turned out to be less of a stimulus for the monkeys than either the toy
train or another monkey as an inducement to push open the door of its cage to view it.

ure with a built-in color discrimination
problem. Monkeys were rewarded by a
view of the surroundings outside the en-
closure, provided they responded cor-
rectly on the problem. The monkey was
placed in a large box with two doors.
The animal was given preliminary train-
ing to familiarize it with the apparatus:
first it was given a look through the open
doors into the laboratory, where consid-
erable activity was going on, and then
the experimenter closed the doors. Soon
the monkey learned to open the doors
within a few seconds.

Then the main part of the experiment
began. One door was locked, and it was
identifiable by a yellow card on the in-
side. The other door, marked by a blue
card, was unlocked. The experimenter
raised a screen that had been lowered

between the monkey and the doors, ex-
posing the two doors with their differ-
ently colored cards.
pushed against the door with the blue
card, the door opened and it could look
outside. After 30 seconds the experi-
menter lowered the screen and the trial
was over. If the animal pushed against
the door holding the yellow card, it auto-
matically flashed on a light which sig-
naled its error; the experimenter imme-
diately lowered the screen, denying the
subject a glimpse of the outside world.
Twenty trials a day were given for 20
days, and each test session lasted from
25 to 45 minutes. The experimenter re-
corded the number of correct responses
and the length of time that elapsed be-
tween the raising of the screen and the
monkey’s attack on one of the doors. The |
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If the monkey |
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| speed of response provided a measure of

the strength of the monkey’s motivation
to look outside.

The results of the experiment left no
doubt about the strength of the monkeys’
curiosity or its power in promoting learn-
ing. Throughout the 20 days of testing
the animals worked away eagerly at the
problem (the colored cards were shifted
at random from door to door). Without
tiring of the game, they went on pushing
the doors enthusiastically to get a look
at the people working in the laboratory
outside the box. In a second study that
ran for 57 days and presented various
color-discrimination problems, the sub-
jects worked just as unflaggingly.

"I hese data strongly suggest that the

drive to explore visually is indeed a
fundamental drive in monkeys. To meas-
ure its strength and persistence further,
two monkeys were tested for four con-
tinuous hours each day for five days. The
animals worked as fast on Day Five as
they did on Day One. A second experi-
ment yielded still more surprising results.
Three monkeys were put to the door-
opening test hour after hour, with 30
seconds between trials, until they quit.
One monkey performed for nine con-
tinuous hours, another worked for 11
and the third for more than 19 hours!
The response time of this marathon per-

N

former was actually shortest during the
final hour of the test.

That monkeys would work as long and
as persistently for a food reward is high-
ly unlikely. The tenacity and rapidity
with which these subjects performed on
the task of opening a door in order to
see outside clearly indicated that the
activities in the laboratory were extreme-
ly effective in exciting their curiosity.

To find out what specific kinds of
visual stimuli excited them, we presented
to the monkeys three different sights:
a fellow monkey, an operating toy elec-
tric train and an array of fresh fruit and
monkey chow. As a standard for com-
parison the test was arranged so that the
monkeys would sometimes see nothing
but an empty room. The apparatus was
the same as before except that this time
the box had only one door. Upon open-
ing the door, the monkey saw a large
chamber which contained a monkey, the
running train, the array of food or noth-
ing at all. The monkeys were allowed a
five-second view, and the trials were re-
peated at 10-second intervals. Eight
monkeys were tested 30 minutes a day,
five days a week for a period of four
weeks. Each week the visual incentive

was changed. The strongest incentive
turned out to be, not surprisingly, the
sight of another monkey; the electric
train ran a close second.

(Y

PUZZLE SOLVING indicates the extent of the curiosity drive in monkeys. Learning to dis-
criminate, monkey pulls only red, removable screw eyes (left). In another test with no re-
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We next investigated the relative ef-
fectiveness of different sounds. A highly
vocal monkey and the noise of the elec-
tric train were the incentives. Sometimes
the subjects, after opening the door,
could see the source of the sound, some-
times not. Ten of the youngest monkeys
in the colony participated in the study.
All of them opened the door frequently
and rapidly, through five weeks of test-
ing, irrespective of which sound they
heard or whether they were rewarded
with the sight of the sound-maker. Al-
though the experiment failed to show
any clear-cut differences among the in-
centives, it provided valuable evidence
on the strength of the curiosity drive in
young monkeys.

rl‘hese researches with monkevs and

apes are the beginnings of what
promises to be a most fascinating and
important area of investigation. The
strong tendency of monkeys and apes to
explore all things and situations provides
an extremely serviceable mechanism for
acquainting these animals with the in-
tricacies of their environment. That this
tendency is most marked in the younger
animals suggests that the curiosity mo-
tives are largely responsible for the early
and extensive learning which unques-
tionably contributes to the Dbiological
success of the primates.

ward other than doing it, monkey repeatedly
works puzzle of pin, hook and eye, hasp.
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ULTRAMICROCHEMISTRY

The early study of plutonium, when only microscopic amounts

of the metal were available, stimulated a kind of chemistry

that deals with (luantities measured 1 millionths of a gram

n 1943 engineers of the atomic bomb
I project decided the design of chemi-
cal processing plants costing hun-
dreds of millions of dollars on the basis of
afew experiments carried out with quan-
tities of plutonium so small as to be
scarcely visible. The information gained
from these tiny samples helped to
shorten by months the time needed to
produce plutonium in militarily useful
amounts. This case is an example of the
utility and importance of the new field of
chemical investigation known as ultra-
microchemistry. With its techniques the
writer and his associates, L. B. Werner
and M. Cefola, had isolated microscopic
quantities of plutonium in pure form,
and chemiists at the University of Chi-
_cago Metallurgical Laboratory had per-
formed the necessary experiments to
determine its chemical properties.

At the time only a few chemists in the
U. S. had any acquaintance with ultra-
micro methods. They are now somewhat
better known and have been put to work
in various areas, notably biochemistry.

Ultramicrochemistry is an invasion of
a world almost unbelievably small with
unbelievably delicate instruments. It is
the daughter of microchemistry, but a
thousand times more refined. To have
obtained the needed information about
plutonium the methods of classical mi-
crochemistry would have required about
a hundred times as much plutonium as
was available. An ultramicrochemist
works with amounts of material a million
times more scanty than in conventional
chemistry: his samples are measured not
in grams (about the weight of a fly) or
even milligrams but in micrograms—a
millionth of a gram!

The objectives of the ultramicro-
chemist are the same as those of any
other chemist: to weigh and measure
substances, determine their melting and
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by Burris B. Cunningham

boiling points, measure the amount of
heat absorbed or liberated in their chemi-
cal reactions, observe their interactions
with various kinds of electromagnetic
radiation, follow their chemical behavior,
and so on. But to devise reliable tech-
niques for doing all this with the mi-
nuscule samples available is a problem
of great technical difficulty.

Research on extremely small quanti-
ties of material can be done with the
methods of tracer chemistry [see
“Tracers,” by Martin D. Kamen, Scien-
TIFIC AMERICAN, February, 1949].
Tracer work is restricted, however, to
situations in which the substance is high-
ly diluted. The microchemist and the ul-
tramicrochemist work with substances in
the pure state or in relatively concen-
trated solution.

[ ltramicro methods did not originate
with the atomic bomb project, al-
though they were greatly expanded
under its impetus. Long before World
War II systems of ultramicroanalysis had
been developed by the pioneering efforts
of such men as P. L. Kirk and Roderick
Craig at the University of California, A.
A. Benedetti-Pichler at Queens College
in New York, K. U. Linderstrom-Lang at
the Carlsberg Laboratories in Denmark,
P. F. Scholander at Swarthmore College
and E. J. Conway at the University of
Dublin. Their methods were designed
primarily to meet a single technical
problem: the exact measurement of very
small volumes of liquid, of the order of
a hundredth of a milliliter—about one
3,000th of a fluid ounce. Of course other
operations, such as filtering, stirring and
so on, also had to be developed for this
small-scale work, but the problem was
primarily one of measurement.
Two devices for making such measure-
ments were developed. One of them,
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simply a refinement of the familiar kitch-
en measuring cup, is a graduated ves-
sel of very small diameter—hardly more
than an upright capillary tube. The error
involved in reading off a volume from a
graduated tube is equal to the error in
matching the liquid surface to the refer-
ence line times the cross-sectional area of
the vessel. Using the best equipment, it
may be taken as a rough rule that the un-
certainty in adjusting a liquid level to a
reference line is about five thousandths
of an inch. If the volume to be measured
is a microliter, say, and the error is not to
exceed half of 1 per cent, the diameter of
the measuring tube cannot be more than
a hundredth of an inch. With so small a
diameter, irregularities in the bore would
produce large errors in volume. There-
fore the volume of these measuring tubes
is usually determined directly, by weigh-
ing them empty and when filled with
mercury. Another difficulty arises if the
measured liquid is to be transferred out
of the measuring tube, because a con-
siderable and variable portion of the
liquid will stick to the tube walls. This
can be overcome by coating the walls of
the tube with water-repellent material.
The second principle of small-scale
volume measurement, applied a number
of years ago by Scholander, avoids both
difficulties. In Scholander’s system the
liquid to be measured is put in a hollow
cylinder of metal or plastic which con-
nects at one end to a very fine glass capil-
lary tube. The other end of the cylinder
is drilled to admit a closely fitting cylin-
drical plunger of sma]l and precisely
known diameter. The plunger is pushed
into the cylinder by means of a precision
micrometer screw which measures its ad-
vance very sensitively. If the cylinder
and glass tube are filled with the liquid
to be measured and the plunger is ad-
vanced, some liquid will be pushed out



of the capillary. The volume escaping
will be precisely equal to the volume of
plunger entering the chamber. This vol-
ume can be calculated from the diameter
and the distance the plunger has been
moved. Scholander’s setup, which used a
plunger no thicker than a small sewing
needle, achieved a precision of about one
10,000th of a microliter.

The techniques of small-scale volume
measurements have found a number
of important applications in biochemis-
try. Certain blood chemistry studies that
used to require large, expensive experi-
mental animals to provide enough mate-
rial for analysis can now be done with
mice. Ultramicro methods can determine
where and under what circumstances in-
secticide accumulates in the body of an
insect. Embryologists have found many
uses for the techniques. An interesting
example is the work of the British in-
vestigator N. G. Heatley, who has been
able to show that in salamander eggs the
regions destined to develop into the back
part of the animal have an extra amount
of the starchlike substance glycogen. By
implanting a little glycogen in other
parts of the egg he was able to cause a
primitive spinal tube to develop there.
Linderstrom-Lang has been one of the
most active workers in applying ultra-
micro methods to biochemical research.
In addition to small-volume measure-
ments he used two other delicate tech-
niques. He adapted the familiar little toy
known as the Cartesian diver to measur-
ing small quantities of gas. A home-
made diver usually consists of a small
open medicine bottle that is partly filled
with water and floated upside down in
water in a larger wide-mouth container,
such as a milk bottle. A sheet of thin
rubber stretched across the mouth of the
larger bottle ‘makes an air-tight seal.
When you push the rubber sheet down
with your finger, compressing the air in
the milk bottle slightly, the increase of
pressure is communicated through the
water to the air inside the smaller bottle,
or “diver.” Since this air is compressed,
more water enters the diver. Eventually
so much water is forced in that the diver
loses buoyancy and sinks to the bottom
of the milk bottle. If you remove your
finger, allowing the air-to expand, the
diver rises to the surface again. There is
a definite pressure and volume of air that
will just keep the diver afloat, and any
internal change in the gas pressure inside
the diver can be measured by the amount
of pressure adjustment that must be
made from outside to keep it just float-
ing. Thus a chemical reaction taking up

MANIPULATION of the minute vessels required for ultramicrochemical procedures is
often done with a micromanipulator under the microscope. Here a tiny volumetric cone
(left) is filled from a pipette before it is weighed on an ultramicrobalance (see cover).

DISTILLATION on ultramicro scale can be accomplished with a simple device. A capillary
tube filled with liquid is inserted in an aluminum block. The block is heated until vapors
have condensed in the cool upper portion of the tube, which is then simply broken off.

© 1954 SCIENTIFIC AMERICAN, INC

77



SCHOLANDER BURET employs a micrometer. Handle advances
plunger into mercury well, displacing it and liquid in capillary.

oxygen inside a diver can be followed by
noting the changes in pressure. Linder-
strom-Lang’s divers, containing only a
few microliters of air, were used in this
way to study such things as the utiliza-
tion of oxygen by small bits of living
tissue.

The second technique developed by
this Danish biologist also depends on a
flotation principle. A tall glass cylinder
is partly filled with one organic liquid
and then filled the rest of the way with a
second, which is miscible with the first
but slightly lighter. Care is taken to mini-
mize mixing of the two liquids until the
vessel is all filled. Then it is stirred gently
so that mixing takes place near the di-
viding line between the liquids. This
gives a region in which the density is
graduated more or less uniformly from
the lower to the higher value. A drop of
water solution, not soluble in the organic
liquids and having a density greater than
the lighter but less than the heavier one,
is put in at the top of the vessel. The
droplet sinks until it comes to rest in the
region where the density of the sur-
rounding liquid is the same as its own.
If the drop of solution contains sub-
stances which are reacting chemically in
such a way as to change the density of
the solution, it will seek a new level and
the progress of the reaction can be fol-
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lowed from the drift of the drop. In this
way Linderstrom-Lang studied the ac-
tion of isolated enzymes on proteins. (As
proteins break down, the density of the
solution increases. )

’l‘he water-drop trick is an indirect

method of weighing small (uantities
of liquid. Let us now consider how ordi-
nary weighing operations are done in
ultramicrochemistry. Early in this cen-
tury the Australian chemists B. D. Steele
and K. Grant built the first balance that
could operate in the microgram range.
They made the apparatus entirely of
fused silica, a precedent that has been
followed by nearly all later makers of
ultramicrobalances. Their instrument
consisted of a beam of fused silica rods
balanced on a prism-shaped lump of
silica with a fine knife-edge which rested
on a small plate of polished quartz. It
was so sensitive that the English chemist
Sir William Ramsey could use it to weigh
about a hundredth of a cubic inch of
radon—the ‘gaseous decay product of
radium. By this measurement Ramsey
was able to determine the atomic weight
of radon and thus to verify Lord Ruther-
ford’s hypothesis of radioactive decay.
Rutherford had suggested that the first
step in radium disintegration should be
the emission of a helium atom, whose
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KIRK BURET also operates on mercury displacement system,
but the mercury does not touch liquid in calibrated region.

atomic weight is four. Ramsey obtained
an atomic weight for radon just four less
than that of radium.

A serious drawback to the Steele and
Grant balance was the fineness of its
knife-edge; the slightest particle of dust
under the edge rendered the balance use-
less. The difficulty was overcome by the
Swedish chemist Hans Pettersson, who
put an axle through the center of the
beam and suspended the axle by fine
silica threads from an overhead frame.
Pettersson’s balance was remarkably ac-
curate (to about six 10,000ths of a micro-
gram). In fact, it has been exceeded in
accuracy only by a balance built recently
in the author’s laboratory. Fine as it was,
however, it was not good enough to
enable Pettersson to realize his hope that
he might detect the weight gained by a
body as its temperature is increased, in
accordance with Einstein’s then novel
equation E=mc?.

Neither the Pettersson nor the Steele
and Grant balance was well adapted to
general chemical experimentation, and
they are no longer used. The first ultra-
micro weighings on pure plutonium com-
pounds were carried out with a verv
simple balance, which was a refinement
of the one invented in 1901 by E. Sal-
vioni, an Italian biochemist. His instru-
ment consisted of a thread of glass about



CAPILLARY PIPETTE holds 100 micro-
liters, upper limit of ultramicrochemistry.

three times as thick as a human hair and
about four inches long, bent at one end
to form a small hook. The straight end
was fastened to a support so that the fiber
stuck out like a tiny fishing pole. The
object to be weighed was hung from the
hook, and its weight was calculated from
the amount of bending in the fiber. Using
silica fibers instead of glass, a high-power
microscope to observe the bending and
tiny weighing pans of very thin platinum
foil, my associates and I were able to
weigh plutonium compounds with an ac-
curacy of a hundredth of a microgram.
The Salvioni balance obviously cannot
support much weight, however, and
manipulating the minute weighing pans
is inconvenient.

more generally useful balance for
routine ultramicro weighings has
been devised by Kirk, Craig, J. E. Gull-
berg and R. Q. Boyer at the University of
California. Its beam is a plane triangular
framework of fused silica fibers, weigh-
ing but 15 milligrams altogether. The
beam is supported at its center by a hori-
zontal fiber, which tends to twist as
weight is added to one end.

As a crude analogy to this balance,
imagine a thick rope stretched taut be-
tween two trees. A thin rod of iron is
thrust horizontally throngh the strands

L
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American Cyanamid Company’s Pigments Di-
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you can’t measure
surface temperatures

accurately with a Toy
—

Ever look inside a shiny mechanical
toy? Inside—where the "*Work™ is
done—you don’t find the quality that
says craftsmanship, performance
and durability.

Apply the same test of quality when
you choose a surface temperature in-
strument . . . look inside!

Hold an Alnor Pyrocon in your
hand . . . feel the fine balance . . .
notice the all-metallic case and shat-
ter-proof glass. These things speak

of quality design and particular at-
tention to detail. BUT that isn’t
enough to judge performance of a
Pyrocon —or any instrument. Look
closely at a Pyrocon!

Look at the Yoke . .. where the thermo-
couples are attached. Notice that
neither plate connection is grounded.
With plates of chromeland constantan

alloy...afeature developed by Alnor.

Look at the Movement ... and see why
we guarantee accuracy of +29% under
allambient temperatures and all com-
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Look at the Magnet . . . Alnico, of
course. Its large size creates high flux
density that directly affects sensitivity.
Notice too the machined pole pieces
that also increase accuracy through-
out the scale range.

... And you’'ll see why the Alnor
Pyrocon is the recognized leader in
the field of surface temperature indi-
cation. These Alnor features are the
result of years of manufacturing expe-
rience. .. pioneering design and con-
tinuing research.

ILLINOIS TESTING LABORATORIES |
Rm. 548, 420 N. La Salle,
Chicago 10, IIl.
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VOLUMETRIC FLASK with a capacity of 200 microliters (left) is used to develop solu~
tion for colorimetry in the spectrophotometer. The solution is removed from the flask
with a pipette and put in an absorption cell (right). All the apparatus depicted in
this article was photographed at the Socony-Vacuum Laboratories in Brooklyn, N. Y.

of rope near its center. An object hung at
one end causes the rod to rotate, twisting
the rope, until the torque (turning force)
due to the weight is equaled by the
tendency of the rope to untwist. If we
know how much torque is necessary to
produce the observed twist in the rope,
we can figure out how much the object
weighs. In the actual balance a fiber of
fused silica, an almost perfectly elastic
material, serves as the “rope.”

In the setup thus far described com-
putation of the weight would be un-
necessarily complicated. The torque due
to the weight depends not only on the
weight and on its distance from the sup-
porting fiber but also on the angle through
which the rod has turned. (If it were to
turn through 90 degrees, for example, so
that the weight hung straight down, there
would obviously be no torque.) It would
be more convenient if we could keep the
rod horizontal, so that the weight exer-
cised its maximum torque throughout
the weighing. To accomplish this we un-
tie one end of the fiber and clamp it to
the hub of a vertical wheel supported in
a rigid framework and left free to turn.
Now when a weight is hung from the bar
we can turn the wheel until the counter-
balancing twist in the fiber restores the
bar to the horizontal position. We note
the amount of turning required to restore
the beam to the “null” position, and,
knowing the elastic torque of the twisted
fiber, we can compute the weight of the
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object with a high degree of accuracy.

Using a torsion fiber about a thou-
sandth of an inch in diameter and two
inches long, a torsion wheel accurate to
a minute of arc and twin microscopes fo-
cused on a small section of the fiber at
each end of the beam to observe its rota-
tion, weighings accurate to a hundredth
of a microgram can be carried out as
rapidly and as easily as weighings on the
macro scale. Because fused silica is very
strong, we can place as much as 25 milli-
grams on each side of the balance, or
more than two million times as much
mass as the balance will detect. Natural-
ly the balance system must be shielded
from all disturbing air currents. The
silica must be plated with a thin coating
of gold to make it conducting. Other-
wise, electrostatic charges could build up
on the silica and produce forces many
times greater than the small forces we are
attempting to measure in the weighing
process.

The elastic properties of silica torsion
fibers are not actually known with suf-
ficient accuracy to calculate weight di-
rectly from the amount of twist; the
instrument has had to be calibrated
with a small amount of residue from an
evaporated solution of precisely known
weight.

Various models of ultramicrobalances
have been tested in the last few years
and the instruments are beginning to be
available commercially. Weighings ac-
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curate to a hundredth of a microgram are
now routine. More sensitive balances
have been built, but they demand more
elaborate techniques for obtaining pre-
cision measurements.

Torsion ultamicrobalances are useful
for measuring not only weight but mag-
netic and other forces. A sample of mate-
rial is suspended from the beam and
counterbalanced. Then the instrument is
placed between the poles of a magnet in
such a way that any force between the
sample and the magnetic field will be in
an upward or downward direction. The
change in weight measures the effect of
the magnet on the material.

thile we have been concerned here

mainly with the measurement of
volume and weight, which is the core of
ultramicrochemistry, we should also
mention some of the ultramicro devices
for determining other properties. For
chemical analysis there is paper chroma-
tography, which can separate and iden-
tify extremely small amounts of sub-
stances in a complex organic compound.
Tiny samples can also be analyzed by
X-ray, microwave and infrared spec-
troscopy. A new addition to the arsenal
of ultramicro methods is coulometry,
which measures tiny amounts of material
in a solution by the current required to
deposit it electrochemically or to pro-
duce some other chemical change in the
material.

For the ultramicro measurement of
heat there are as yet no truly precise
techniques. Microcalorimeters, capable
of measuring heat down to a few tenths
of a calorie, have been known for some
time. But an ultramicrocalorimeter,
which would have to detect a few
10,000ths of a calorie, does not exist.
However, such small quantities of heat
can sometimes be measured indirectly
by the laws of thermodynamics. For ex-
ample, the heat of solution of microgram
quantities of transuranium elements has
been determined by measuring the effect
of temperature on their solubility.

Ultramicrochemistry, then, already
has at its disposal a wide variety of meth-
ods for studying matter. But it would be
misleading to give the impression that
chemists can deal with matter on the
microgram scale as expeditiously and
conveniently as in the familiar macro
world. Human anatomy is simply not
built to manipulate matter on so fine a
scale as this. To come to grips with the
ultramicro world at all the ultramicro-
chemist must resort to precision manipu-
lators, lenses and other ingenious mecha-
nisms which inevitably stand between
him and his samples.
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The End of the Moas

A swamp filled with bones indicates that these enormous wingless

birds lived in New Zealand when knighthood flowered in FEurope.

Then they canished. Were they exterminated by aboriginal man?

ny biogeographer would cheerfully
A suffer shipwreck on a land as in-
teresting as that of the Swiss Fam-

ily Robinson. The peccary, ostrich,
hyena and walrus disported there with
the jackal, buffalo and wild ass, while
honey guides and swifts which built
edible nests darted among the vanilla

WASHING OF THE BONES was a laborious task necessary to re-

move the clinging lake sediment from the moa remains excavated at

84

by Edward S. Deevey, Jr.

and euphorbia trees. In the world of
real life there is an island that can vie
with the Robinsons’ fictional wonder-
land. It is New Zealand, where three
quarters of the plants are peculiar speci-
mens that live nowhere else on earth,
where cycads and tree ferns, refugees
from Paleozoic coal swamps, grow in
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sight of active glaciers; where astonish-
ing varieties of flightless birds scurry
through the underbrush like rabbits and
not long ago grazed the plains like herds
of antelope. Indeed, because there are
no mammals to prey on them (the only
mammals on the island are bats), even
geese and perching birds in New Zea-
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the site in New Zealand’s Pyramid Valley. The immature bones will
float for some time; often such bones are found widely scattered.



land have forsaken the use of their
wings.

The weirdest of all the flightless birds
of that island were a now extinct kind
called moas, which lived in New Zea-
land for so long a time that they lost
their wings entirely. All of them were
large and some were gigantic; one
variety, Dinornis, was a giraffe-like
creature 10 feet tall. Probably they were
not fierce, for they were grazing animals.
Mystery surrounds their disappearance.
Moa bones and feathers today are found
lying on the floors of caves or only a few
inches below the surface in swamps.
Obviously their extinction was not a re-
mote event.

When, in 1840, the great English
anatomist Sir Richard Owen first de-
scribed these “struthious birds,” Euro-
peans assumed that such spectacular
creatures must have been known to the
aboriginal Maori. Their leading ques-
tions to the natives about the birds
brought the answers the Maori thought
were desired. By 1870 New Zealand
folklore was full of circumstantial ac-
counts of moas—how they buried their
heads in the sand, how they flapped
their wings when they ran, how the
female sat on a clutch of 30 eggs while
the male stood guard, how the birds
were ambushed as they left the caves
where they lived.

Sophisticated modern anthropologists,
among them Roger Duff, director of the
Canterbury Museum at Christchurch, do
not believe all they are told by elderly
and compliant Maori. That the aborig-
ines knew fossil moas there is no doubt,
for they used the bones for artifacts, and
the word moa itself before 1840 seems
to have meant only “a stone; also the
name of a person or a place.” But apart
from a few vague allusions to events
which antedated the arrival of the Great
Fleet from Tahiti about 1350 and which
probably refer in any case to other kinds
of birds, there is no authentic record in
Maori folklore of their having had any
personal acquaintance with living moas.
This only deepens the mystery. The
moas were there in abundance not more
than a few thousand years ago, and had
been there for at least 12 million years;
if the Maori didn’t exterminate them,
who did?

Achaeological studies, most recently
at Wairau on the northeast coast of
the South Island, have supplied a partial
answer. Diggings directed by Duff have
shown that there was a pre-Maori people
who hunted moas. Not only are the birds’
great bones found in profusion in mid-

TACE
park

A

LARGEST MOA was Dinornis maximus. It was 10 to 12 feet tall, depending on whether it
stood erect or bent its neck like a swan’s. Sir Richard Owen reconstructed these bones.
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dens, but moa eggs, perforated at one

| end, were buried intact with the dead.

No doubt the eggs were used as water
bottles, as the South African Bushmen
use ostrich eggs, and they were interred
with other cherished property of the
dead for the journey to the hereafter.
These moa hunters of the South Is-
land may have been the people who ex-
terminated the moas. Certainly thev
killed the birds in large numbers. Their
camp, which was situated at the end of
a peninsula, was admirably suited as a
cul-de-sac for rounding up moas. Yet this
can be only part of the story of the end
of the moas. The principal genus found
in the camp, Euryapteryx, seems to have
been designed by nature to become ex-
tinct—the savages must have found it a
veritable schmoo. Constructed with a

slender head and neck and an incredibly
massive body below, it was a cross be-
tween a hogshead and a gazelle—four
times as tall as a domestic chicken and
probably 10 times as stupid. A few fossils
of two other kinds of moas, of about the
same size, have been found in the moa
hunters’ camps. But of Dinornis, the
avian giraffe, there is not a trace. Yet
Dinornis and Euryapteryx were contem-
poraries, at least as the geologist views
time, and their remains are found to-
gether in swamps. The puzzling ques-
tion changes slightly then: instead of

asking “Who killed the moas?” we won-
der “Where did Dinornis go?”

The answer is not in yet, but it is with-
in sight as a result of geologic studies at
the latest and most important of the
moa-bearing swamps to be discovered.

| SIZE OF DINORNIS may be measured against these members of a digging party holding

up the leg bones and pelvis of an average specimen. Dinornis stood higher than any pres-
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This is in Pyramid Valley, about 100
miles inland from Wairau on South Is-
land. Here the moa-trap was an old lake
deposit, exceptionally sticky and treach-

erous. Today it is covered with sedge SA VE 95%
tussocks and is used as pasture, but when

the moas flourished it was a swampy for- ON PERIODICAL
est into which the ponderous birds were

tempted while feeding. Once they broke STORAGE SPACE
through its deceptive crust of black for-
est humus, they were irretrievably mired
in the sticky clay beneath, which went
down for five or six feet. The long legs
of Dinornis were not quite long enough
to reach firm bottom, and the smaller
species never had a chance. As they
floundered, sinking deeper with every
struggle, the moas were attacked from
above by the giant harpy eagle—so one
infers, at least, from the fact that the
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AT TORRINGTON

BONES OF TWO MOAS are depicted as they were found in the swamp. The top layer of
earth is peat; the middle layer, yellow lake sediment; the bottom layer, blue clay. At the
left are the bones of the smallest moa, Emeus; at the right, the heavier bones of Dinornis.

heads and necks are usually missing from
otherwise complete skeletons. Moreover,
a few of the eagles themselves were
trapped, along with some 30 other kinds
of smaller birds.

Excavations in the Pyramid Valley
swamp led by Duff and the ornithologist
Robert Falla had by 1949 dug out more
or less complete skeletons of 140 moas,
representing four of the six genera and
six of the 20 species found in New Zea-
land. Forty-four of these skeletons were
Dinornis and only 12 Euryapteryx.
There were no chicks among them, but
one five-foot hen was caught carrying
a fully-formed egg with a capacity of
more than half a gallon.

Dating the Pyramid Valley swamp is

a complicated process. New Zea-
land bogs, like bogs in other countries,
preserve a time-scale in the form of va-
ried assemblages of pollen grains, orig-
inally airborne from plants in the neigh-
borhood and fossilized in the accumu-
lating bog sediments. The scale is purely
relative, telling the comparative but not
the absolute ages of the deposits. Pollen
times, established by counting different
kinds of pollen in successive layers of
bog mud, are converted to climatic times
by inference from the nature of the vege-
tation they record. Because changes of
climate operate over wide areas, it is
comparatively easy to match up pollen
records from bogs a few miles apart.
This has been done in great detail in
areas in western Europe and eastern
North America, where the plants and
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the climate are fairly uniform. It is not
so easy to carry pollen times with any
assurance across the North Atlantic
Ocean, or from the Northern Hemi-
sphere to the Southern, for purposes of
comparative dating.

New Zealand’s pollen time-scale was
worked out by Lucy Cranwell in collabo-
ration with the inventor of the pollen
dating method, Lennart von Post of
Stockholm. Applied to Pyramid Valley,
it suggests that the marly lake deposit in
which the moas were entombed corre-
sponds to the latest of three climatic
stages. It was a time when southern
beechwoods spread at the expense of
coniferous forests, which means that the
period was cooler and at first moister
than the one that preceded it. A layer of
peat containing sedges underlies the
marl, and this can be dated to the con-
iferous-forest period itself. In terms of
the Northern Hemisphere time-scale, it
can be guessed that the southern-beech
time was the same climatic period that
saw the expansion of beeches over west-
ern Europe at the expense of oaks and
lime trees. This happened at the end of
the Bronze Age, so that a date of 600
B.C. for the laying down of the marl
deposit seems reasonable. The over-
growth of the Pyramid Valley lake by
swamp forest should then correspond to
one of the later times of dry climate in
western Europe, of which the best
known fell in the fifth and the 13th cen-
turies. If pollen dating is possible over
such enormous distances, the moas of
Pyramid Valley met their sticky end



UNLAID EGG (dotted line) was found
among other Emeus bones. Trapped by the
bones, the egg was kept from floating away.

some time between the fall of Rome and
the rise of Italian painting.

If pollen dating is possible over such
enormous distances—geology and the
other historical sciences are bedeviled
by such questions. Geologic happenings
are dated in terms of each other, and
one can get just so far by matching in-
dependent secjuences; sooner or later the
method fails. It is for this situation that
radiocarbon dating seems to be made to
order, for its scale of time is measured in
absolute terms of centuries or years [see
“Radiocarbon Dating,” by Edward S.
Deevey, Jr.; SCIENTIFIC AMERICAN, Feb-
ruary, 1952]. In this method the age of a
fossilized animal or plant is measured by
the decay of radioactive carbon 14 in its
tissues since its death.

The most interesting radiocarbon date
for Pyramid Valley, as measured in
Yale’s Geochronometric Laboratory, is
not the age of a moa, but that of the
peat that underlies the lake deposit in
which the moas drowned. This peat
proves to be 3,700 years old, a figure
which seems about right if the coniferous
forest time in New Zealand was the dry
time of the European Bronze Age. In
other words, pollen dating can be carried
across enormous distances, and when a
few more such dates are measured in
both Northern and Southern Hemi-
spheres, we may say that the relative
pollen time-scale has been “calibrated.”
The marly lake deposit itself is older than
the moas and younger than the peat, but
its radiocarbon dates are mainly useful
in proving what had been suspected—
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GIZZARD STONES from the remains of a single Dinornis weigh 5 pounds. They are
rough, indicating that the bird vomited or excreted them before they became too smooth.

that dates based on the carbon of marl
(a clay containing calcium carbonate)
are less reliable than those for peat.

Ald what about the moa? The last meal

of a large Dinornis consisted of
about a bushel of seeds and twigs, found
buried in the lake mud along with the
skeleton (and a peck of gizzard stones,
some as large as a hen’s egg). The food
remains are woody; when burned and
analyzed for radiocarbon, they gave an
age of 670 years. Thus we learn that
Dinornis roamed New Zealand as re-
cently as about 1300, in company with
Euryapteryx. The moa hunters of Wairau
may not have exterminated Dinornis, but
it certainly seems likely that the people

who did wipe out the moas lived not long
before these hunters.

Until Dinornis remains are actually
found in middens alternative hypotheses
may be preferred by some. Perhaps, like
Friedrich Barbarossa, the greatest of the
moas is not extinct but merely sleeping.
Or perhaps Dinornis, maddened with
grief at the death of Euryapteryx, sought
Ophelia’s melancholy fate. Once a hen
Dinornis ventured into Pyramid Valley,

“. .. long it could not be

Till that her garments, heavy with their
drink,

Pull'd the poor wretch from her melo-
dious lay

To muddy death.”

PRIMITIVE HUNTER was buried near Wairau with a water bottle consisting of a pierced
moa egg (right). These pre-Maori people slew moas of one species in large numbers.
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by James R. Newman

MaTtHEMATICS IN WESTERN CULTURE,
by Morris Kline. Oxford University
Press. ($7.50).

orris Kline, a professor of mathe-
M matics at New York University,
has written a stimulating and
readable book on the cultural influence
of mathematics in the Western world.
He has dealt not only with its effects
upon science, technology and philosophy
but also with its much less obvious con-
nections with religious doctrines, social
opinion, economic and political theories,
literature, music and other creative pur-
suits. His work has, it seems to me,
serious shortcomings, but it is nonethe-
less a considerable achievement, deserv-
ing attention as the first full-scale at-
tempt to survey a uniquely important
branch of cultural history.

The method of the account is a chrono-
logical presentation of the principal
mathematical ideas that have shaped the
modern world, from Babylonian arith-
metic and Greek geometry to the theory
of relativity. Many of the episodes selec-
ted by Kline to illustrate his theme—that
mathematics is a prime “fashioner” of
civilization—have been made familiar by
other popularizations. But Kline’s ver-
sion even of well-known periods and
events has special merit. He is unfalter-
ingly clear in explaining mathematical
ideas; he is learned but not pedantic; he
has historical discernment, a sympathetic
social outlook and a nice sense of fun and
irony. Unfortunately he is inclined to be
eloquent; in this vein he is tiresome, but
when he does not try to be eloquent he
is interesting and persuasive.

The story begins in the Near East. The
Babylonian and Egyptian mathemati-
cians, though incapable of the soaring
imaginative flights of the Greeks, were
not exclusively a grubby lot of tax col-
lectors, mortgage makers, money lenders
and surveyors, as several esteemed his-
torians have contended. Mathematics in
Egypt and Babylonia, says Kline, was
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An account for the general reader of how

mathematics influences our whole culture

used not only for bookkeeping and
measurement but in astronomy, calendar
reckoning, the building of the great zig-
gurats and pyramids, the digging of
canals from the Tigris and Euphrates
rivers to irrigate the land. Priests fast-
ened on the occult science of numbers for
conjuring, divination and the interpreta-
tion of man and the universe. Geometri-
cal forms were a dominant motif in paint-
ing and other works of art. The mathe-
matics of the Egyptians and the Baby-
lonians was an invaluable tool; it was
also an expression of wonder, longing,
loneliness, fear and delight.

The Greeks were the pupils of the
East, but as the noted historian Michael
Rostovtzeff has said, “they refashioned
all they received and stamped a fresh
character upon it.” They had an endless
curiosity, a passion to discover “the rule
of law in nature.” The Greeks asked not
“How?” but “Why?” Their answers were
at first “childishly simple,” no doubt, but
scientific rather than mythological. They
founded scientific geography and astron-
omy, they created mathematics “in the
sense in which we understand the term
today.” Kline’s summary of the achieve-
ments of Euclid, Archimedes, Apollo-
nius, Hipparchus, Eratosthenes is very
good; he has the knack of selecting per-
fect examples, of explaining them in an
original way, of searching out and an-
swering obscure little points that we
have always been embarrassed to ask
about though we have never understood
them. I must confess, however, to grow-
ing weary of being told that the qualities
of Greek geometry—simplicity, clarity,
orderliness, perfection—reflected the
dominant characteristics of the Greek
mind. For Kline Greek culture is epito-
mized by Myron’s statue of the Discus
Thrower, who, though “about to make a
tremendous physical effort, is as calm
and unruffled as the proverbial English-
man drinking tea.” I venture to say that
this piece of sculpture no more demon-
strates that the Greeks were ruled by a
love of static perfection than the passion-
ate conflicts of Aeschylus’ Eumenides
show that they were an overemotional
people incapable of objective reasoning.
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Kline is so eager to press the argument
that mathematics is the “arbiter of
thought and action” that he indulges in
extravagant claims. Did mathematics
shape Greek culture, or was it the other
way around? The question is absurd:
causes and effects were intertwined.
Everything in mathematics is an effect
as well as a cause of the surrounding cul-
ture. Rationalism, an insistence on de-
ductive methods of proof, a preference
for the abstract, a penchant for gener-
alization, a search for what is perma-
nent amidst what is transitory—all these
were deeply ingrained habits of Greek
thought. They help to explain the Py-
thagorean theorem, the Parthenon, the
philosophy of Plato and the plays of
Sophocles. But they do not completely
explain these creations, much less define
the whole of the civilization that pro-
duced them.

Kline is at his best in describing the
rise of mathematical concepts, the appli-
cation of mathematical methods to physi-
cal problems and the interpretation of
nature. He delights and instructs us with
his discussions of the work of Kepler,
Copernicus, Descartes, Galileo and
Newton. There are occasional errors of
fact; for example, he calls the gambler-
mathematician Jerome Cardan a “mur-
derer.” Cardan certainly was a full-
fledged rogue, and he had a son who
disliked his wife and disposed of her with
an arsenic pie, but even in these times
imputing the son’s crime to the father is
carrying guilt by association too far. The
chapters on painting and perspective
and on the invention of projective geom-
etry are ably handled. It is interesting
to see how geometry was wedded to
painting and how the painters in turn
repaid their debt by introducing new
geometrical ideas. Projective geometry
was “the most original mathematical
creation of the 17th century.” Its inven-
tor, Gérard Desargues, was impelled to
his researches by the desire to help his
colleagues in engineering, painting and
architecture.

Galileo has been called the first of the
moderns, I think rightly. His primary
interest was to discover how things work,



not why they work as they do. In this
important respect he differed from the
Greeks, but in an even more important
respect he shared their beliefs. “The his-
tory of 17th-century science,” wrote Al-
fred North Whitehead, “reads as though
it were some vivid dream of Plato or
Pythagoras.” Galileo insisted on the su-
premacy of the “irreducible and stub-
born facts,” but he was not primarily an
experimenter. He said: “Philosophy is
written in that vast book which stands
forever open before our eyes, I mean the
universe; but it cannot be read until we
have learnt the language and become
familiar with the characters in which it
is written. It is written in mathematical
language and the letters are triangles,
circles and other geometrical figures,
without which means it is humanly im-
possible to comprehend a single word.”
The chief purpose of experiments was
roughly to verify or refute the mathemat-
ical models of reality. As Kline points
out, Galileo valued “a scientific principle,
even when obtained by experimentation,
far more because of the abundance of
theorems which flowed deductively from
it than because it afforded knowledge in
itself.”

The mathematical achievements of
the 16th and 17th centuries included the
invention of analytic geometry and the
calculus, and the application of the
abstract concept of periodicity to the
orbital motion of the planets, the vibra-
tions of the pendulum, the behavior of
light and sound and various other phe-
nomena. These spectacular triumphs not
only achieved a revolution in science but
profoundly influenced philosophy, reli-
gion, literature and esthetics. I should
like to consider briefly Kline’s treatment
of the Newtonian influence on this heroic
period.

The setting is well known. No man
before or since his time attained the in-
tellectual prestige of Isaac Newton; no
man’s scientific theories commanded
such universal assent. He modestly de-
scribed himself as a boy playing on the
seashore, “now and then finding a
smoother pebble or a prettier shell than
ordinary, whilst the great ocean of truth
Jay all undiscovered before me.” But the
opinion of his contemporaries regarding
his accomplishments is more accurately
portrayed in Pope’s familiar lines:

Nature and Nature’s laws lay
hid in night:

God said, Let Newton be! and
all was light.

The Newtonian system of moticn and
gravitation stirred the hope that all phe-

nomena might be reduced to cases of
matter in motion and thus made ame-
nable to strict mathematical treatment. A
dozen different programs were launched
to convert this hope into reality. In phys-
ics and astronomy the researches of
d’Alembert, Clairault, Lagrange, La-
place and other leaders brilliantly sup-
ported the belief that the universe was
a machine. In chemistry many quanti-
tative laws were discovered, and the
basis was laid for the modern ideas of
chemical structure. In the biological sci-
ences it was believed that studies of the

flow of water in pipes would explain the
circulation of the blood, that researches
on light would elucidate how we see,
researches on sound how we hear. Julien
de la Mettrie, the celebrated French
physician, wrote a book called Man a
Machine, and claimed to have discov-
ered the “calculus of the human mind.”
Frangois Quesnay, the economist, formu-
lated economic and social equations. The
Marquis de Condorcet applied the theo-
ry of probability to the administration of
justice. Baron d’Holbach, the arch anti-
religionist, explained consciousness and
“all human thoughts and actions” in
terms of matter and motion.

The influence of mathematics on
philosophy is particularly noteworthy.
Since the time of Aristotle mathematics
had played a negligible part in specula-
tive thought. But in the 17th century
philosophy derived fresh inspiration from
the triumphs of the mathematical
sciences. Leibnitz conceived the idea of
a universal language for science and a
calculus of reasoning. He hoped to de-
compose complex ideas into simple, dis-
tinct, non-overlapping elements, repre- |
sented by ideograms, which could then
be manipulated according to the rules of |
the logical calculus. Mathematical pro-
cedures would make it possible to solve
every problem, from the nature of the
universe to the ideal recipe for a soufflé.
The execution of the program turned out
to be more difficult than Leibnitz had
anticipated, but modern symbolic logic is
based upon the foundations he laid.

Spinoza, Hobbes, Locke and Kant
each expressed in his philosophy the
dominant position of mathematics. Spi-
noza’s Ethics was composed in the Eu-
clidean style, with definitions, axioms
and deduced theorems. Hobbes em-
phasized the purely physical character of
mental processes and regarded mathe-
matics as the sole means of gaining
genuine knowledge of the outside world.
Locke, by far the most popular philoso-
pher of his time, accorded first place to
mathematical knowledge, and his phi-

losophy “is an almost perfect reflection
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of the contents of Newtonian science.”
In Kant’s system of thought mathematics
held a central position: the Euclidean
postulates, for example, were repre-
sented as in effect built into the human
mind; thus they determined the only pos-
sible mode of spatial apprehension.

Two philosophers moved against the
Newtonian current. Bishop Berkeley ar-
gued persuasively against the prevailing
belief in the supremacy of matter and
matter’s laws; for him mind and mental
events alone were real. Moreover, he at-
tacked the logical validity of funda-
mental concepts of the calculus—the
most spectacular of the new mathe-
matical tools. It must be admitted that
his criticism was justified. More than a
century was to pass before the calculus
was placed on a rigorous and secure foot-
ing. David Hume carried Berkeley’s
radicalism further: he denied the exist-
ence of the mind itself. He wrote: “We
cannot penetrate into the reason of the
conjunction” of cause and effect. Mathe-
matics was not spared in the sweep of his
skepticism. He asserted that the state-
ments of arithmetic were trivial and tau-
tological: 2 X 2 is “simply another way
of saying or writing 4.” And so for the
theorems of geometry, which are mere
elaborations of tautological axioms. Thus
he “destroyed by reasoning what reason-
ing had established while, at the same
time, he revealed the limitations of
reason.” Bertrand Russell has said of
Hume that by making self-consistent the
empirical philosophy of Locke and
Berkeley, he succeeded in making it in-
credible. His metaphysic, it may be ob-
served, has not been refuted, despite
many attempts. Indeed, modern science
has in a sense vindicated both Berkeley
and Hume. Matter is not, as was once
supposed, material; space and time are
today joined in a relative and personal
concept, each observer having his own
“here-now” which is just as valid as the
here-nows of others; neither differential
equations nor neat causal relations suffice
to explain the universe.

The mathematical and scientific works
of the 17th and 18th centuries chal-
lenged religious thinking. Newton, to be
sure, saw the hand of God in the design
and operation of the universe, a God
“very skilled in mechanics and geome-
try.” But in an age of reason, faith, except
in reason, gradually fell into disfavor.
The concept of the soul was denounced
as meaningless; the Christian promise of
eternal bliss in the after-life as reward for
good,behavior here below was adjudged
a hoax devised to entice the credulous.
Determinism brushed aside free will as
pure nonsense. Voltaire summarized this
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view in a famous aphorism: “It would be
very singular that all nature, all the
planets should obey eternal laws, and
that there should be a little animal, five
feet high, who, in contempt of these
laws, could act as he pleased, solely ac-
cording to his caprice.” And if man was
bound by mechanical laws he was there-
by excused for his sins.

Various attempts were made to ac-
commodate religion to the current tem-
per. The most successful of these was
Deism, a kind of antiseptic Christianity
whose followers, it was said, regarded
Reason as God, Newton’s Principia as
the Bible and Voltaire as their Prophet.
The Deists believed that the study of
nature would provide them with ethical
principles and answers to the problems
of life. The movement was immensely
popular. Thomas Jefferson and Benjamin
Franklin were Deists, and “so great was
the influence of thisrational religion that
no one of our first seven Presidents pro-
fessed Christianity, though of course
many made references to the Christian
God in political addresses.” Although
Deism faded as a formal movement after
the 18th century, Kline remarks that it
remains to this day the essence of the
prevailing religious attitude among edu-
cated persons. I am not fully persuaded
that this is true. In the last decade there
has been a powerful upsurge of primitive
religious belief; tragically this has been
accompanied by a decline of the toler-
ance and free thought which were char-
acteristic of the Deist outlook.

One of the most interesting effects of
Newtonianism manifested itself in litera-
ture and esthetics. “Just as the successful
businessman in 20th-century America
has become the authority in our time, so
mathematicians, successful in revealing
and phrasing the order in nature, became
the arbiters of the language, style, spirit
and content of 17th- and 18th-century
literature.” This is another of Kline’s un-
fortunate oversimplifications; the 18th
century was not all “calm serenity.” Yet
it is certainly true that it was a far more
comfortable and secure age than ours.
Much of its prose and poetry reflected a
confident belief in the mathematical
order of the universe and celebrated the
value of science. This assurance took
many forms. It appeared in the writings
and critical principles of Samuel John-
son, in the attempts of Jeremy Bentham
and others to attain precision of lan-
guage, in the rationalistic poetry of Dry-
den and Pope, in the prolific outpouring
of verse permeated with ideas and
images of color and light inspired by
Newton’s work in optics. A linguistic re-
form committee of the British Royal So-
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ciety urged members of the Society to
reject all “amplifications, digressions,
and swellings of style” and to use a
“close, naked, natural way of speaking;
positive expressions, clear senses, a na-
tive easiness; bringing all things as near
the mathematical plainness as they can;
and preferring the language of artisans,
countrymen, and merchants before that
of wits and scholars.” Descartes, Pascal,
Huygens, Galileo and of course Newton
were held up as literary models because
their writings were clear, neat, orderly,
“elegant.” Le Bovier de Fontenelle, the
most famous scientific popularizer of the
century, was convinced that “a work on
ethics, politics or criticism, perhaps even
a work of eloquence, will be finer, other
things being equal, if it is done by the
hand of a geometrician.” The painting,
architecture, landscape gardening and
even furniture design of the 18th century
exhibited their own brand of Newtonian-
ism. Symmetry and adherence to simple
geometrical forms were the ideals. Ac-
cording to Sir Joshua Reynolds: “It is the
very same taste which relishes a demon-
stration in geometry that is pleased with
the resemblance of a picture to its origi-
nal and touched with the harmony of
music. All these have unalterable and
fixed foundations in nature.”

It was a marvelous age. Its legacies
are imperishable. But its triumphs
were its undoing. The belief that the
methods which had achieved successes
in astronomy and mechanics and mathe-
matics could be extended to the solu-
tion of all man’s problems had a stifling
effect upon thought. “The ambition
of the 18th-century systematizers,”
writes J. Bronowski in his excellent vol-
ume The Common Sense of Science,
“was to impose a mathematical finality
on history and biology and geology and
mining and spinning. It was a mistaken
ambition and very dangerous.” Modern
science is more modest in its ambitions.
It believes in studying processes as if
they were machines, but in two crucial
respects it has abandoned the 18th-cen-
tury position. The machines we regard as
models of natural processes are no longer
thought to be simple affairs constructed
of levers and pulleys and springs; they
are machines capable of making random
choices. This means that we are limited
in our ability to prediet what the ma-
chines will do, except in a statistical
sense. Scientific thought has rejected the
cause-and-effect sequence as the inexor-
able rule of process. “We can be quite
clear,” said Max Planck, “about one very
important fact, namely, that the validity
of the law of causation for the world of
reality is a question that cannot be de-
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cided on grounds of abstract reasoning.”
The uncertainty principle, the quantum
theory; the concept of time in the Special
Theory of Relativity—each contributes to
undermining our belief in causality. It is
not only that we do not know enough
about any process to predict with cer-
tainty its future state; in principle it is
impossible to gain all the needed in-
formation. We have come to realize that
there is no clean cleavage between the
observer and the observed; our plight is
like that of the hapless biology student
who saw long, curved black lines in every
object which he examined under his mi-
croscope because his eyelashes always
got in the way.

The profound consequences of the
abandonment of the mechanical philoso-

| phy are admirably described in the later

chapters of Kline’s book, dealing with
electromagnetic theory, probability and
statistics and the theory of relativity. He
enables us to see very clearly the trend in
mathematics which has created the new
concepts of science. Physics, the best ex-
ample of this development, has “passed
from a mechanistic to a mathematical
foundation. Whereas mathematics served
previously to represent, study and ad-
vance the mechanical analysis of phe-
nomena, today the mathematical account
is fundamental.” Meanwhile mathe-
matics itself is steadily becoming more
abstract. It might be supposed that, mov-
ing in this direction, it will gradually lose
contact with the physical world. Yet “the
paradox is now fully established,” said
Whitehead, “that the utmost abstractions
are the true weapons with which to con-
trol our thought of concrete fact.” The
relationships which seem to underlie
phenomena at the deepest level are best
descrlbed by the most abstract mathe-
matical disciplines.

Kline’s book makes some surprising
and disappointing omissions. His treat-
ment of the paradoxes of mathematics
and foundation problems is trivial. He
makes no reference to the work of Kurt
Gaodel, whose dazzling proof may well be
as important for the future of mathe-
matics as the work of the non-Euclidean
geometers. Topology and the theory of
games are not mentioned; quantum
theory is brushed off in a sentence or two
with the strange excuse that the subjeot
is too difficult to explain in a popular
book. Kline has shown that he can handle
such subjects better than anyone else
around, and I hope he tackles them in
another book. In any case he has made
a genuine contribution to our under-
standing of the nature of mathematics
and its relation to western civilization.
The beauty and fascination and rare ex-
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cellence of mathematics emerge from his
story. It is an exciting, provocative book.

Short Reviews

ECKE’S TrAVELS IN FRANCE, edited by
John Lough. Cambridge University
Press ($8.00). The philosopher John
Locke spent four years during his middle
40s traveling in France, mainly for his
health. During the last two years of his
stay he had charge of the son of Sir John
Banks, with whom he intended making a
trip to Italy—“but old father winter,
armed with all his snow and iseicles,
keeps guard on Monsenny and will not
let me passe.” Locke kept a voluminous
journal in which he recorded all he said,
heard and saw on his tour, as well as mis-
cellaneous data on the weather, lists of
coins, weights and measures, medical
notes, comments on the Old and New
Testaments and so on. Professor Lough
has eliminated material of minor inter-
est, added pertinent information con-
tained in Locke’s correspondence and
papers and here offers an admirable edi-
tion of his journals. Locke was a diligent
diarist, and many of his jottings are pret-
ty tedious—for example, descriptions of
expenditures, minute details about the
fountains of Versailles, measurements of
aqueducts and public buildings. On the
other hand he had a lively curiosity, was
as eager to talk to a “poore paisant’s
wife” as to a noble lord, and was a won-
derfully sharp observer. His entries give
fresh, vivid impressions of France at the
height of the reign of Louis XIV. In Paris
he broadened the education of his pupil
by attending a public execution for
which he had to pay to get good seats; at
Poixhis lodging furnished every conceiv-
able discomfort, not excluding “6 legd
creatures”; at Versailles the sights in-
cluded an elephant and the Roi Soleil de-
voutly praying at his bedside; at “Tho-
louse” he was told that the Church of St.
Sernin boasted among its “reliques” the
“bodies entire of 6 of the Apostles and
the head of a 7th.” He noted the dreadful
poverty widespread in France, the
amusements, the agriculture and manu-
factures, the Roman ruins, the fine wines,
the great cost of wigs, silk stockings and
hats. He witnessed the conferring of a
degree of “doctor of physic,” a high af-
fair which included speeches, “interludes
of musick, much kissing and imbracing,
& soe the ceremony ended with the in-
ceptor making legs to each of the pro-
fessors. . ..” A delicious book.

REASON AND NATURE, by Morris Ra-
phael Cohen. The Free Press
($6.00). This notable book by the late



Morris Cohen, regarded as a leader in
American philosophic thought, is repub-
lished in a revised edition. Edited by his
son Felix, who died in 1953, the volume
includes detailed corrections that the au-
thor incorporated in his own copy during
the 16 years in which he had opportunity
to reconsider his outlook. Reason and
Nature is a lucidly written, thoughtful
and exciting analysis, combining a scien-
tific approach to philosophic problems
with a philosophic approach to scientific
problems. The distinguishing mark of
Cohen’s thought was “a profound faith in
philosophy itself.” The task of philoso-
phy, he said in summing up his views, “is
too complicated to be solved by simple
magical formulae. . . . Let not philoso-
phy, therefore, deal in false comforts or
gratify those who crave from it confirma-
tion of established prejudices. It has a far
higher function—to give men strength to
envisage the truth. Vision is itself a good
greater than the perpetual motion with-
out any definite direction which modern-
ists regard as the blessed life. Cosmic
vision ennobles the pathetic futility of
our daily crucifixions.” Since some lovers
of philosophy are not wealthy, it will
please them that they can now acquire
for a reasonable price a book whose origi-
nal edition was in such demand that
secondhand copies sold for $25.

SPACE TraviL, by Kenneth W. Gat-

land and Anthony M. Kunesch.
Philosophical Library ($4.75). FricHT
INTO SPACE, by Jonathan Norton Leon-
ard. Random House, Inc. ($4.50). Any-
thing you could possibly wish to know
about the prospects of visiting the moon
—indeed a good deal more than most per-
sons would wish to hear—is contained in
these two volumes. Gatland and Ku-
nesch, two British technical experts, give
a straightforward account of the history
of rockets and discuss current problems
of space flight, including the danger of
collisions with meteors (“meteor bump-
ers” will be used), landing procedures
(“hydraulic legs” are in vogue at
present), the construction of an artificial
satellite (the military value of which the
authors pooh-pooh). In spite of the many
scientific and engineering details the
average reader will have no difficulty in
following this story, which appears to
give as calm and dependable a report on
the subject as has yet been published.
The Leonard book is somewhat breath-
less. It makes a subject whose plainest
facts bristle with terrors and fancies seem
unreal and even a little absurd. In his 25
chapters (of which a sample title is “Into
the Black Yonder”) Leonard covers
much of the same ground as Gatland and

Kunesch, but his version is less informa-
tive and less interesting. On one point,
at least, both books agree: The most
palpitating ideas about space travel
emanate from Wernher von Braun, the
well-publicized astronaut who helped
develop the Nazis’ V-2 and is now with
the U. S. Air Force. Dr. von Braun,
known as “the Prophet of Space,” means
to get to the moon if he has to walk there.
The latest and gaudiest of his plans is to
build a plastic satellite from which we
can keep tabs on earthly foreign powers
and on the moon. The cost: $4 billion.

JA:\'E’S FicuTING SHIPS: 1953-54, edited
by Raymond V. B. Blackman.
McGraw-Hill Book Company, Inc.
($23.00). The 55th edition of Jane’s is as
fascinating and revealing a survey of our
bloodthirsty little planet as ever. The
three main trends of naval development
are atomic propulsion, ship specializa-
tion and guided missiles. A philosopher
might suggest that each of these trends
not only reflects the adaptability of
navies but foreshadows their inevitable
extinction. Specialization has reached
the point where no ship would dare stick
its nose out of port without a corps of
bodyguards. Great Britain is building
four different types of frigates for anti-
submarine, anti-aircraft and aircraft-di-
rection duties; U. S. aircraft carriers are
divided into attack, support, hunter-
killer and escort types; submarines fall
into several sub-categories, such as at-
tack, hunter-killer, radar picket and
guided-missile vessels. Surface-to-surface
guided missiles, now in the experimental
stage, will open up “new hori%ons.” With
atomic warheads and accurate target-
finding capabilities of several hundred
miles, these missiles will make the big
warship as useful and as wieldy a mili-
tary weapon as a dinosaur with glanders.
A 75,000-ton, $200-million aircraft car-
rier, requiring more than five years to
build, may be vaporized in five seconds
by a guided missile costing a few hun-
dred thousand dollars, launched from a
small ship costing less than the officers’
mess on the carrier. Nevertheless the
U. S. and Great Britain are still pushing
building programs involving huge ships.
The U. S. Navy now has so many ships
that, if they were strung end to end, one
could walk halfway across the Atlantic
over them. They include 36 fleet aircraft
carriers, 66 escort carriers, 15 battle-
ships, 2 battle cruisers, 29 heavy cruisers,
44 light cruisers, 352 destroyers, 250 de-
stroyer escorts, 201 submarines, 365
mine craft, 162 patrol vessels, 900 am-
phibious craft, 678 fleet auxiliaries and
1,800 service craft. The Soviet Navy has
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O APPLIED ATOMIC ENERGY by K. Fearnside & E. W.
Jones. This book provides the basic knowledge of nuclear
physics necessary to an understanding of the advantages to
be derived from the techniques of different fields of pure
and applied science, including radiography techniques and
the use of isotopes in pure research. Illustrated. $4.75

0 SPACE TRAVEL by Kenneth W. Gatland & Anthony M.
Kunesch. An illustrated survey of its problems and pros-
pects. $

O OUR NEIGHBOR WORLDS by V. A, Firsoff. A survey
of the solar system in conformity with the most recent in-
formation is used as a basis for a careful investigation of
interplanetary travel. Illustrated.

(0 FROM COPERNICUS TO EINSTEIN by Hans Reichen-
bach. A simple but scientific history of the ideas and dis-
coveries that have led to the formulation of the theory of
relativity. $3.00

[J ESSAYS IN SCIENCE by Albert Einstein. An abbrevi-
ated edition of some of the papers of the distinguished
physicist. $2.7

O A HISTORY OF THE THEORIES OF AETHER &
ELECTRICITY (VOL. I1) by Sir Edmund Whittaker. In
the first quarter of the present century, the picture of the
external world was completely changed by the discoveries of
relativity, the quantum theory, the new spectroscopy,
theories of gravitation, matrix mechanics, and wave mechan-
ics. These new principles are described in the second volume
of the History, which is now ready.

| OCULTS AND CREEDS IN GRAECO-ROMAN EGYPT

by H. Idris Bell. In this book the veteran scholar Sir
Harold Idris Bell describes the interesting light that the
study of the papyri throws upon the confused history of
religion in Egypt in Graeco-Roman times, and especially
upon early Christian History. $4.75

O BUDDHIST TEXTS THROUGH THE AGES edited by
Edward Conze. A comprehensive anthology of Buddhist
Texts newly translated from the original Pali, Sanskrit,
Chinese, Tibetan, Japanese and Apabhramsa. $7.50

O THE FIRST AUSTRALIANS by Ronald M. Berndt &
Catherine H. Berndt. What are the Aborigines really like?
What do they think about? How do they live? Here, in The
First Australians, these questions are answered in broad
outline. We see the Aborigines against the background of
our own environment. With 30 halftone illustrations and
numerous line drawings. $4.7

0 CURIOUS CREATURES by Erna Pinner. The author
gives examples of curious behavior in the struggle for food,
in nest-building, in paternal nursing; she shows us birds
that cannot fly and four-footed animals that can; creatures
which, either for protection or for aggression, make them-
selves appear what they are not; creatures living on other
creatures for better or for worse; creatures ranking as giants
in their own particular sphere. IZZustrated $4.75

0 THE SOCIAL INSECTS by O. W. Richards D.Sc. Dr.
Richards shows that the scientific approach has been able
to lay bare far more of wonder and amazement than specula-
tion or legend. “Warmly commended”’—Julian Huzley.
Ilustrated.

O TIME COUNTS The Story of the Calendar by Harold
Watkins. This important and unusual book deals not only
with the history of the various campaigns for reform, but
also tells the immensely interesting story of the calendar
as one of man’s earliest inventions and its handling (and
mis-handling) by many people through the centuries.
Foreword by Lord Merthyr. Illustrated.

O AN AMERICAN IN EUROPE by Egon Larsen. This
authoritative biography of that spectacular genius, Benja-
min_ Thompson, Count Rumford (1753-1814), is based on
much original material collected on the scenes of his ac-
tivities. ““Thomas Jefferson, Benjamin Franklin and Count
Rumford are the three greatest minds that America has
produced.””—President Franklin D. Roosevelt. Illustrg‘te;b

.75

0 EXISTENTIAL PSYCHOANALYSIS by Jean-Paul
Sartre. Sartre here blends philosophy and psychology in
presenting a new psychoanalysis based on the principles of
existentialism.

O THE EXPERIENCE OF DEATH by Paul-Louis Lands-
berg. This essay, marked by fearless honesty of exposition,

penetrating sublety of analysis and deep concern for the
human person, is a concentrated examination of the princi-
pal arguments for and against suicide, which transmits the
urgency of deep personal expexience and arrives at a con-
clusion which many will agree is unanswerable. 50

O THE DISPOSAL OF THE DEAD by Professor C. J.
Polson, Dr. R. P. Brittain and Dr. T. K. Marshall. An ex-
haustive exposition of the cultural, legal and technical post-
mortem problems and practices encoumered by anthropolo-
gists, pathologists, clerics, police officers, coroners and
funeral directors. $7.50

(] THE POCKET HISTORY OF FREEMASONRY by
Fred. L. Pick & G. Norman Knight. Describes the various
theories attempting to account for the origin of the Order
and deals faithfully with the histories of American, Eng-
lish, Irish and Scottish Freemasonry from the earliest
times to the present day, as well as its development over-
seas. $4.75
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no aircraft carriers and three rather
moldy battleships, but it has 370 sub-
marines—a setup which may be quite im-
portant if the main purpose of a navy is
to sink the other fellow’s navy.

YHE STUDY OF CULTURE AT A Dis-
TANCE, edited by Margaret Mead
and Rhoda Metraux. The University of
Chicago Press ($5.00). This is a manual
based on researches inaugurated during
the last war by the distinguished anthro-
pologist Ruth Benedict. They were sup-
ported by a grant from the Human Re-
sources Division of the Office of Naval
Research, and their purpose was to study
the cultural features of societies which,
because.of the war, were inaccessible to
direct observation. Japan and Germany
then belonged in this category. Today
the U.S.S.R. and Communist China are
barred to most students, and among
other societies whose culture is inacces-
sible to them are the small Jewish towns
in eastern Europe which were extirpated
by the Germans and countries changed
by revolution, such as Indonesia and
Thailand. Various ingenious methods
have been devised for interpreting these
societies at a distance. They include ex-
tensive interviews with “living and
articulate individuals whose characters
was formed in the inaccessible society,”
and the study of books, newspapers,
periodicals, films, works of popular and
fine art, diaries, letters and the like. A
good deal of the reporting in these pages
is high-flown, pretentious and couched
in the repellent argon of social scientists.
But some of the contributions are of
compelling interest: among them Rhoda
Metraux’s interviews of 10 people of
various nationalities, several scholars’
analyses of literature and films and pro-
jective test of representative individuals.
One gets a sense from this book of how
abundant, and how dangerous, is our
ignorance of the thinking, habits, moti-
vations and values of societies whose re-
lations with us may well determine the
issue of human survival.

INSTINCTS oF THE HERD IN PEACE AND

WaR, by Wilfred Trotter. Oxford Uni-
versity Press ($5.00). Trotter was a
noted British surgeon and student of
social psychology who died in 1939. He
first published this famous essay in 1916
and reissued it in 1919 with a postscript
using the lessons of the First World War
to reinforce his thesis. It is now repub-
lished in a handsome format incorporat-
ing final corrections based on the author’s
manuscript. Trotter’s study is concerned
both with the good uses to which the
herd instinct may be put when intelli-
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gently directed and the limitless evil it
causes when uncontrolled or deliberately
manipulated by unscrupulous men.

CEILING UnrimITED, by Lloyd Morris

and Kendall Smith. The Macmillan
Company ($6.50). The authors review
the 50 years of U. S. aviation which be-
gan with the Wright brothers” epochal
12-second flight at Kitty Hawk on De-
cember 17, 1903. Their book succeeds in
giving a vivid, anecdotal account of the
men and machines who made the history
of flight and in explaining clearly some of
the theoretical and practical problems of
aerodynamics that had to be solved along
the way.

Notes

HyprocarBoNs FROM PETROLEUM, by
Frederick D. Rossini, Beveridge J. Mair
and Anton J. Streiff. Reinhold Publishing
Corporation ($18.50). This massive vol-
ume, an American Chemical Society
monograph, summarizes a 25-year re-
search project of the American Petro-
leum Institute on the fractionation,
analysis, isolation, purification and
properties of petroleum hydrocarbons.

SciENnce IN  Procress, edited by
George A. Baitsell. Yale University Press
($6.00). Eighth of the series, this book
covers the Sigma Xi National Lectures of
1951 and 1952. Among the lectures are
one on the origin and evolution of the
universe by George Gamow, on the evo-
lution of insects by F. M. Carpenter, on
sensory physiology and the orientation of
animals by D. R. Griffin, on luminescent
organisms by E. N. Harvey, on coopera-
tion and conflict among primitive organ-
isms by P. R. Burkholder.

THE THEORY OF METALS, by A. H.
Wilson. Cambridge University Press
($8.50). Second edition of a monograph
reviewing the basic physical principles of
the theory of metals and reporting on re-
searches of the past 15 years.

NaTturaL History, edited by Charles
Tate Regan. John de Graff, Inc.
($12.50). This immense reference work,
edited by the director of the natural his-
tory department of the British Museum,
has more than 1,000 photographs and
articles by experts on species from the
lowest unicellular organisms to the high-
est and most complex forms. On the
whole, as good a one-volume survey as
you are likely to find.

THEORY AND APPLICATIONS OF Dis-
TANCE GEOMETRY, by Leonard M. Blu-
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menthal.  Oxford University  Press
($10.00). On metric topology, con-
cerned with mappings or transformations
in which distances are preserved. Many
of the topics are treated in English for
the first time.

Raproactive Isotopes, by W. .
Whitehouse and J. L. Putman. Oxford
University Press ($10.00). A manual by
two Harwell scientists on the prepara-
tion, handling, measurement, radio-
chemistry; uses and properties of radio-
isotopes.

MATHEMATICAL METHODS FOR SCIEN-
TIsTS AND ENGINEERS, by Lloyd P. Smith,
Prentice-Hall ($13.35). Lectures on the
application of the more important and
useful mathematical methods to prob-
lems of theoretical and applied physics.

METHODS OF MATHEMATICAL PHYSICS,
Vol. I, by R. Courant and D. Hilbert. In-
terscience Publishers, Inc. ($9.50). This
is the first English translation of a cele-
brated German treatise.

THE ProtEINs, edited by Hans Neu-
rath and Kenneth Bailey. Academic Press
Inc. (Part A, $12.00; Part B, $13.00).
For advanced students, presenting an
“integrated account of the chemical,
physical, and biological properties of the
proteins.”

SQuaRING THE CIRCLE AND OTHER
Monocrapns, by E. W. Hobson et al.
Chelsea Publishing Company ($3.25).
Four well-known essays on problems of
geometry: “Squaring the Circle,” by E.
W. Hobson; “Ruler and Compass,” by H.
P. Hudson; “The Theory and Construc-
tion of Non-Differentiable Functions,”
by A. N. Singh, and “How to Draw a
Straight Line: A Lecture on Linkages,”
by A. B. Kempe. An intriguing, meaty
little book.

THE WORLD BENEATH THE SEA, by
Otis Barton. Thomas Y. Crowell Com-
pany ($3.50). A singularly colorless ac-
count of the colorful adventures and
deep-sea descents of Otis Barton, who in-
vented the bathysphere and bentho-
scope.

A SURVEY OF MORERN ALGEBRA, by
Garrett Birkhoff and Saunders MacLane.
The Macmillan Company ($6.50). For
this revised edition of their admirable
text the authors have added several im-
portant topics: equations of stable type,
dual spaces, the projective group, the
Jordan and rational canonical forms for
matrices.



172. POPULAR SCIENTIFIC RECREATIONS.
By Professor A. M. Low, D.Sc. Interesting facts,
practical experiments and scientific tricks to fas-
cinate young and old. 13 illustrations, 93 diagrams.
Pub. at $2.50. Only 1.00
A4. VLAMINCK: VILLAGE LANDSCAPE.
This giant-size reproduction is the closest thing to
owning the priceless original painted during Vla-
minck’s Post-Fauve period. Powerful browns, blues
and russet tones are applied in the bold sweepm" (le-
sign characteristic of this great artist. 19” high x 24"
wide. A $10.00 value. Only 1.98
Al. DUFY: PADDOCK AT DEAUVILLE.
Reproduced with the extraordinary color fidelity and
p'nnst'lkmg attention to detail you’d expect to find in
prints selling at many times this price. A bright dash
of red accents the greens and blues of this clmrmmg
Raoul I)ufy painting. 10%” high x 2534” wide. A4
$10.00 value. Only 1.98
A3. UTRILLO: STREET AT ANSE.
Utrillo, in a rare romantic mood, painted this coun-
try scene in Autumn hues against a brilliant blue
sky. Every subtle tone has heen perfectly captured
in this giant-size 20” high x 24” wide reproduction.
A $10.00 value. Only 1.98
A6. VAN GOGH: VASE WITH FLOWERS.
Giant-size reproduction of one of the most serene and
lyrical of Van Gogh’s paintings. The extraordinary
color fidelity of this print boldly contrasts the bril-
liant golds and reds of the flowers with the mottled
blue background. 24” high x 20” wide. A $r10.00
value. Only 1.98
A5. CEZANNE: BASKET OF FRUIT.
Reproduced with extraordinary color fidelity and
painstaking attention to detail, here is a magnificent
example of great art encompassing the most com-
monplace of subjects. Rich wine, gold and blues pre-
dominate in this giant-size 171" high x 22” wide
print. A $10.00 value. Only 1.98
A46. DUFY: SILK SCREEN PRINT.
The Band—Dufy’s superb painting of a gaily
dressed Parisian band on parade. Brilliant reds and
blues predominate. This impressive, 20” x 20” full-
color s:lk screen print is perfect for framing. Pub.
at $15. Now only 1.98
A69. FRANZ MARC: RED DEER.
Beautify your home with this giant-size, full-color
silk-screen reproduction. Two deer—vibrant with
color against a background of rolling countryside
and bright blue sky. 18” high x 25” wide. Pub. at
$12.00. Only2.98
A33. BIRDS OF PARADISE.
These two giant-size full-color reproductions portray
two of the most beautiful birds in the Western
Hemisphere—“Paradisea Sanguinea’” and ‘Para-
disea Raggiana.” The glorious red plumage adorning
the birds in each print is a magnificent tribute to
nature’s beauty. Each print measures 16” wide x 20”
high. Pub. at $15.00, the pair. Both prints only 1.98
147. MODERN ABNORMAL PSYCHOLOGY.
Ed. by William H. Mikesell. Twenty-five of the
nation’s most eminent psychologists discuss diagnosis
and treatment of all abnormal psychiatric conditions.
880-page volume. Pub. at $10.00. Now only 2.98
212, SUBSTANCE AND FUNCTION AND
EINSTEIN'S THEORY OF RELATIVITY.
By Ernst Cassirer. The two works reprinted in this
VOI“!’IIE serve as a fundamental epistemological
“theory of relativity”. 465 pages, paper-bound. 1.95
214. THE RISE OF THE NEW PHYSICS.
By A. D’Abro. Formerly pub. as “Decline of
Mechanism”, this revised edition encompasses the
entire field of physics in all its technical and philo-
sophical aspects. More than 1,000 pages, illus, with
38 portraits. 2 vols., paper- bouud 3.90
213. ORIGIN OF LIFE.
By A. I. Oparin. “Easily the most scholarly ;\Ll(horl-
ty on the origin of life as treated by the scientists”—

N. V. Times. Paper-hbound. 1.70
148. DICTIONARY OF WORD ORIGINS By ]oseph
T. how they

grew across centuries and countries. Thousands of
word histories, old and new. Pub. at $5.00. Only 1.98
122. CLINICAL ENDOCRINOLOGY.
By A. P. Cawadias. Extensive study of the various
diseases caused by glandular disorders and the physi-
ological and psychosomatic course of treatment of
them. Tllustrated with ten full-page plates. Pub. at
$10.00. nly 1.98
35. FRA ANGELICO. By Germain Bazin. %Ionu-
mental collection of the works of the Italian Ren-
aissance painter, Fra Angelico. The editor, Ger-
main Bazin, discusses the artist and his work in an
interesting and en mhtenmg text. Printed in France,
this fabulous 9%” by 1214” volume contains 180
magnificent reproductions, including 16 tipped-in
color plates and 164 black and whltc plates in roto-
gravure. Cloth bound. Pub. at $;. Only 4.88
A45. KLEE: SILK-SCREEN PRINT Active Harbor
—one of the most inventive and colorful scenes cre-
ated by Paul Klee. Bright yellow, orange, pink, and
green ar-eas criss-crossed with a playful pattern rep-
resenting harbor activity. Authentic, full-color, silk-
screen reproduction—i11%4” high by 25” wide. Pub.
at $6.00. Now only 1.98
A16. DEGAS BALLET DANCERS.
With startling authenticity, these 10 superb repro-
ductions capture all the poetic imagination and deli-
cate understanding of Degas’ prlzed hallet sketches.
Each plate measures a full 17” x 13” . each is
printed on a color-tinted paper mdlvxdndlly chosen
for the particular subject. Frame them for your
home—you’ll find no finer portrayal of the bailet’s
rare grace and beauty! Pub. at $7.50. Only 2.98
216. PHENOMENA, ATOMS AND MOLECULES.
By Irving Langmuir, Nobel Prize winner. This col-
lection of 20 papers attempts to interpret phenomena
in terms of mechanisms of atomic and molecular
interactions. 436 pages, indexed. Pub. at $10.00.
Now only 2.49
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52. THE MARQUIS DE SADE.
A study by Simone de Beauvoir. ITn addition to
Mme. de Beauvoir’s acute analysis of the philosophy
of Sade in her brilliant essay “‘Must We Burn
Sade 7, this volume offers a large choice of selections
from his writings. Pub. at $5.00. Only 2.98
50. SEXUAL LIFE IN ANCIENT GREECE.

By Hans Licht. Thoroughly explains the sexual
background of the philosophy and art of Ancient
Greece. Deals with marriage customs; the human
figure; Greek literature; sexual relationships; prosti-
tution; homosexual love; etc. Beautifully bound.
556-page volume. Illustrated. Ounly 5.88
30 GREAT SYSTEMS OF YOGA.

3y Professor Ernest Wood. Practical guide to Yoga
as an aid to modern living. Explains how to attain
increased power and faculty, poise, conservation of
energy and how to reach the deeper layers of con-
sciousness, which most people never experience.
Pub. at $3.50. Only 1.98
25. GREAT STARS OF THE AMERICAN STAGE.
By Daniel Blum. A pictorial record of the American
stage—past, present, and future. More than 150 pic-
torial biographies of great actors and actr
You'll meet Maude Adams, David Warfield,
Barrymore, \Valter Hampden, Helen Hayes, Mau-
rice Evans and all the others. With each biography,
there's a full page (9” x 12”) portrait of the subject
followed by photographic highlights. Pub. at $7.50.

Only 3.88

11. BERNARD SHAW AND MRS. CAMPBELL.
A passionate, witty and outspoken record of a re-
markable friendship between the intellectual giant
and a great actress—as revealed in an exciting col-
lection of letters. Edited by Alan Dent. Pub. at
35 Only 1.98
5. THE THOMAS MANN READER.
An illuminating cross-section of the writings—both
fiction and non-fiction—of one of the great men of
our time. Includes two short novels, selections from
Buddenbrooks, The Magic Muuntam Joseph and
His Brothers, Doctor Faustus; four 'short stories,
five character portraits and four political essays. Se-
lected, edited, and with introduction by Joseph
Warner Angell. Pub. at $5.00. Now only 1.98
49. THE CREATIVE MIND.
By Henri Bergson. The last of Bergson’s published
works, a masterly autobiography of his philosophical
method. Pub. at $4.00. Only 1.98
48. DICTIONARY OF AMERICAN HISTORY.
By Michael Martin and Leonard Gelber. This ready
reference volume enables the teacher, scholar, stu-
dent and layman to pin point quickly the name,
place, event, catch-phrase, of any item in the more
than 4,000 entries. Over 700 pages. Pub. at $10.00.

Special 4.88
33. DICTIONARY OF MYSTICISM.
Edited by Frank Gaynor. Collection of brief and con-
cise definitions of terms used in those philosophies,
religions, and doctrines which recognize the super-
human and supernatural influences on man’s life and
affairs. Everything from Aaron’s rod to Zoroastrian-
tsm. Includes over 2200 terms. Pub. at $5.00.
Only 2.98
32. PRINCIPLES OF PSYCHOPATHOLOGY.
By Siegfried Fischer, M.D. Includes complete fun-
damentals of psychopathological concepts, symptoms,
complexes and diseases. Discusses deviations of per-
sonality, character and temperament in pathological
cases. Pub. at $4.75 Only 1.98
31. PSYCHOLOGY AND PSYCHOTHERAPFY OF
OTTO RANK
By Fay B. KarpfA Timely and authoritative intro-
duction to the theory and therapy of Otto Rank, his
relation to Freud, Jung, and Adler, and to various
deviant developments in modern psychotherapy. Pub.
at $3.00. Only 1.98
45. SMITHSONIAN SERIES: 12 VOLUME SET.
Charles Greeley Abbot, Editor-in-Chief. 1,800 il-
lustrations—many in color. Authorized and prepared
by the Smithsonian Institute in Washington. A
great treasury of man’s knowledge and achievement,
comprehensively covering such subjects as Minerals,
Insects, Birds and Beasts, Great Inventions, Fishes,
Amphibians and Reptiles, Shelled Creatures and
Geological History, Wild Animals. Plant Lore,
\orth American Indians, etc. Handsome, durable
red library binding. Pub. at $100.00.
Complete 12-Volume Set Only 24.88
40. THE MIND IN ACTION.
By Eric Berne, M.D. Easily understandable lay-
man’s guide to Psychiatry . . . like having one’s
questions answered by a wise and kindly doctor. An-
swers such questions as: What is the brain for?
When does sex begin? Why do people dream? \What
causes neurosis? And much more. Orig. pub. at
$3.50. Now only 1.00
El7d PIICGTORIAL ENCYCLOPEDIA OF GUNS AND
By 40 famous experts. The book for the great army
of American sportsmen including the armchair
marksman 564 pages containing reliable, compact,
“how-to-do’> guidance, combined with a complete
coverage of useful and authoritative reference infor-
mation on every phase of game hunting and shooting
as practiced in America today. Includes a complete
hunter’s dictionary. Handsome 8” x 11” volume.
Profusely illustrated. Only 3.88
26. PICTORIAL ENCYCLOPEDIA OF FISHING AND
TACKLE.
By 30 famous experts. The book which sporting and
professional fishermen have needed for a long time.
532 pages devoted to Fresh-water and Salt-water
&amc Fishes, Fishing Equipment and Methods,
Where to Fish and When and How to Fish. Four
full-color plates of spoons, spinners, plugs, and flies.
Answers any question posed by novice or expert
including definition of terms. Handsome 8” x 11”
volume. Profusely illustrated. Only 3.88
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Conducted by Albert G. Ingalls

The next time you visit the station
of an advanced radio ham take a
look around his basement and
back yard. The chances are better than
even that you will find a well-made tele-
scope. Many hams have two avocations,
astronomy and electronics. The way
things have been going in recent years,
the two may soon merge into a single
hobby.

Apollo Taleporos, whose eclipse pic-
tures of the moon appeared in this de-
partment last September, explains:
“Astronomy has borrowed so many of
radio’s techniques, and the aims of elec-
tronics have become so closely identified
with those of astrophysical research, that
you have to stop and think today before
you can decide in which field you are
working. I enjoy physics, particularly the
electromagnetic part of it. So I do a lot of
playing around in both electronics and
optics. The only thing that keeps me out
of the ultra-ultrashort waves is the cost
of cyclotrons and sounding balloons.”

Until 1946, according to Taleporos,
most radio hams stuck closely to the com-
munication side of radio. Back in 1912,
when a government official was asked
what part of the radio spectrum he
would assign to the amateurs, he replied:
“We'll stick ’em on 200 meters and be-
low; they’ll never get out of their back
yards with that.” As history records, in
little more than two decades the hams
made a back yard of the whole world,
one now largely occupied by the multi-
billion-dollar communications industry.
But by the end of World War II ama-
teur radio as such held few remaining
challenges and the hams were ripe for
something new.

It came suddenly, not with a bang but
a squeal. Shortly after the Federal Com-
munications Commission lifted the war-
time ban on ham activity, some of the
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THE AMATEUR SGIENTIST

Two astronomical matters: electronic light

meters and “off-axis”

amateurs began to hear eerie squeals on
the 14-megacycle band. The squeals
were heard only at night, after the band
had closed down for long-distance com-
munication. An amateur would be idly
scanning a portion of his dial between
two active local stations in the hope of
making one last distance contact before
turning in for the night when suddenly a
strange “woweeee” would almost shock
him out of his chair. It was unlike any-
thing heard on the longer waves. Some
evenings it would come a dozen or more
times at the same point on the dial. On
others it would not be heard at all.

Word passed around quickly and be-
fore long almost everyone with a super-
sensitive receiver equipped for tuning in
continuous wave telegraph signals was
listening to the mysterious wails. Then
someone discovered that they came from
meteors.

Meteors leave in their wake ionization
trails—mile-thick cylinders of charged
gas which reflect 14-megacycle waves
efficiently. During the brief interval that
a meteor’s trail persists, a favorably lo-
cated receiver can pick up the carrier
wave of a transmitter which would other-
wise be beyond range, for at night the
ionosphere loses some of its charge and
becomes less efficient in reflecting sig-
nals. Thus in effect the hams were hear-
ing shooting stars. The discovery opened
the era of radio astronomy for them.

The flood of surplus optical and elec-
tronic gear that was put on the market
after the war was a big help. Much of it
was sold “as is” in the form of complete
units, and amateurs often had to buy a
large piece of apparatus in order to get
the particular meter, lens or gear train
they wanted. So the whole thing was
carted home and the useless parts stored
away against the day when they might
come in handy. Some of this “junk” con-
sisted of parabolic antennas, photomulti-
pliers, recording meters, prisms, filters
and other odds and ends which were des-
tined—with the help of sweat and imagi-
nation—to become priceless possessions.

Today many hams are seen more often
than they are heard. Amateurs are busy
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reflecting telescopes

tuning in celestial objects on radio tele-
scopes, bouncing waves off the moon,
tracking meteors and recording their
paths automatically, detecting and
measuring disruptions on the sun’s sur-
face, plotting the orbits of eclipsing bi-
naries and measuring the apparent mag-
nitudes of variable stars with a speed
and precision which would have startled
professionals in the days when Harlow
Shapley suggested that the cepheid vari-
able might make a good yardstick.

Just as meteor observing attracted the
radio hams to astronomy, so the photo-
electric cell made electronic addicts of
many optical men. For more than four
decades members of the American Asso-
ciation of Variable Star Observers have
been looking at these stars through their
small telescopes. They have made more
than a million and a half observations of
some 600 variable stars. But the job takes
good eyesight. Now electronics can do it
much better. With the variety of sensing
tubes now on hand, electronic gadgets
can see farther, faster and more sharply
and keep at it longer than the human
eye. Moreover, electronic eyes can “see”
in invisible parts of the electromagnetic
spectrum and can tolerate blinding in-
tensities.

One of the first amateur astronomers
to go all out for electronics was John
Ruiz of Dannemora, N. Y. After several
years of mixing vacuum tubes and lenses,
he recently said, with only slight exag-
geration: “Whatever you can do me-
chanically you can do better and cheaper
electronically.” Whereas in mechanical
amplification accuracy to one part in
100,000 is considered very good, in elec-
tronic amplification accuracy to one part
in 100 million is routine. It takes high
craftsmanship to make a telescope ob-
jective that yields a magnification of 300
diameters with good resolution, but a
beginner can build on his first try an
electronic gadget capable of amplifying
a million million times with equally good
“resolution.”

Electronics has also taken a load off
the amateur astronomer’s pocketbook.
For example, $25 will equip an amateur



to pick up from the National Bureau of
Standards’ Station WWYV time signals
accurate to two parts in 100 million.
How much would a pendulum clock of
comparable accuracy cost, assuming, of
course, that the market afforded one?
The effect of the merger between astron-
omy and electronics has been to bring
the amateur of modest means to a more
nearly equal footing with his professional
colleague in equipment.

A photoelectric photometer which
Ruiz built for taking the guesswork out
of variable star observing illustrates how
simply optics and electronics can be com-
bined to make an instrument of extra-
ordinary power. As Ruiz says, you can
hitch a photometer of your own make to
a star.

“Of course, the star that you select
should be one showing some action, i.e.,
a variable star. Some variable stars go
through a complete cycle in the course of
afew hours (e.g., the Beta Canis Majoris
type), and you can make a full set of
measurements for a complete ‘light
curve’ in one night, weather permitting.
Other stars of the eclipsing type have
periods of a few days or longer. These are
more difficult to follow and may require
many nights of observing for a complete
light curve. In the northeastern U. S. a
series of observations on a single star may
span two years or more, because nights
ideal for photometry are rare.

“As an example of what an amateur
can do with relatively modest equipment
consider the light curve of No. 12 Lacer-
tae, a short-period star of the Beta Canis
Majoris type [see upper illustration at
right]. This curve was taken in the course
of one night. Ten curves like it were
taken in the summer and fall of 1951 and
they proved of value to the Dutch
astronomer C. de Jager in making a new
determination of the ‘beat period’ of the
light variation. This star exhibits fluctua-
tions both in amplitude and period, or,
as radio hams would say, it exhibits both
AM and FM.

“Another type of variable is illustrated
by the complete light curve of Mu Her-
culis, an eclipsing variable with a very
short period—two days and one hour.
The curves were taken in two colors,
blue and yellow, corresponding roughly
to the respective photographic and pho-
tovisual magnitudes. These curves prom-
ise to be of value in a more accurate
determination of the orbital elements of
this system.

“As some astronomers have recently
pointed out, visual observation of vari-
able stars is now outmoded, at least for
those of short periods and narrow range.

The photoelectric method is at least 10
times as accurate and far more objective,
particularly in ascertaining the bright-
ness of stars of different color or spec-
tral class.

“To make graphs like these, you must
have, first of all, a telescope solidly
mounted in the manner advocated by
Russell Porter. My setup is shown in
Roger Hayward’s illustration [see next
page]. The telescope should be provided
with an accurate clock drive and slow
motions in both declination and right
ascension. A reflecting telescope is pre-
ferred to a refractor, because violet and
near ultraviolet light, to which the ce-
sium-antimony photocell is most sensi-
tive, is reflected by the aluminum sur-
face of a mirror more effectively than it
is transmitted by a refractor. Incidental-
ly, the prism of a Newtonian should be
replaced by an aluminized flat for the
same reason. For the conventional eye-
piece and eye we substitute a photometer
head, or light box, which consists main-
ly of a holder for filters and the photo-
multiplier tube.

“In principle the stellar photometer is
little more than a glorified exposure
meter of the type used in making pho-
tographs. Like omnia Gallia, it consists
of three parts: the photometer head,
which corresponds to the light cell of
the exposure meter; a direct current am-
plifier to build up the faint energy re-

ceived from the stars, and an indicating
device, usually a milliameter, which is
read by eye, if possible by the eye of an
assistant.

“The construction of the photometer
head calls for no special tools and is easy
if the amateur can lay hands on a small
junk camera. Mine was made according
to suggestions from William A. Baum of
the Mount Wilson and Palomar Observa-
tories. It is built around a camera shut-
ter provided with an iris diaphragm [see
inset in illustration on next page]. Note
the use of the ‘field lens, which serves
the double purpose of forming an en-
larged image of the star (centered on
the iris diaphragm) and of projecting on
the photocathode an image of the fully
illuminated mirror rather than a pin-
point image of the star under observa-
tion. This compensates for the granular
structure of the photocathode, which is
not equally sensitive at all points. You
may compute the focal length of this
field lens to give an image of your object
glass or mirror about five millimeters in
diameter, using nothing more than the
elementary optics you learned in high
school. Note that the gate holding the
multiplier can be swung to one side
when centering your star on the dia-
phragm. It is provided with an automa-
tic shutter to cut off all light to the tube
when this is done, for if strong light
strikes the energized photocathode, it
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How an electronic photometer is affixed to a telescope, and a detail of the photometer

may become temporarily unstable or
even permanently damaged.

“My photometer uses a nine-stage
1P21 photomultiplier which works on
the secondary emission principle, as ex-
plained in this department last March.
Each stage amplifies the signal by a fac-
tor of four or five, so that the over-all
gain in signal strength is enormous.

“The energy we receive from a faint
star is so small that even after immense
amplification by the dynode stages of
the 1P21 tube it may amount to no more
than 107° amperes. Minute currents of
this order of magnitude can be meas-
ured by ultrasensitive galvanometers and
electrometers. But these instruments are
costly, require rigid mounting and are
delicate. The output of the photomulti-
plier tube is usually amplified.

“Two properly chosen vacuum tubes
in a well-designed circuit will provide
amplification of a million and permit the
use of a meter which is driven to full-
scale deflection by one milliampere.
Many of these rugged little meters are
on the market and can be purchased for
less than $5.
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“Gerald E. Kron of the Lick Observa-
tory has designed a two-tube, direct-
coupled amplifier specifically for photo-
metric use which is about as simple and
foolproof as the instrument can be made.
The complete circuit, together with in-
structions for building it, a list of the
parts and full operating information,
comprises a chapter in Amateur Tele-
scope Making, Book Three.

“With these three units completed,
all that remains is to hook them together,
substitute the photometer head for the
eyepiece, select a star and have fun. If
you have both a persuasive personality
and a kindly disposed wife, she can take
readings while you do the guiding with
the auxiliary telescope. Of course you
may choose to buy a Brown potenti-
ometer for about $600 as an alternative—
but I could not induce the director of
the budget in my household to approve
this expense. So most of the time I do all
the work myself. As is evident, stellar
photometry is an ideal project for two
amateurs, one a gadgeteer to build the
apparatus and the other a researcher
who enjoys the role of chief observer.
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“To meet the present high standards
of professional observation, an amateur
must apply to his readings certain cor-
rections which were of no consequence
in the era of visual work. These have to
do with atmospheric extinction, reduc-
tion of time to the sun and non-linearity
of the meter and amplifier. But a serious
worker will find many a helping hand
among his kind both in amateur and
professional circles. The dividing line be-
tween a professional and an amateur is
very dim indeed, for only an ‘amateur’
would ever become a professional. James
Stokley of the General Electric Com-
pany once said that the difference be-
tween an amateur astronomer and a
professional is that the amateur is sorry
when it is cloudy.”

Obstructions in telescope tubes, such
as diagonal and secondary mirrors
and their mechanical supports, not only
cut off light but also cause injurious
diffraction. Horace E. Dall has pointed
out in Amateur Telescope Making—Ad-
vanced that diffraction vitiates the image
and reduces contrast of fine detail, such
as lunar and planetary features. The
radial spikes that project from images
of bright stars on some photographs are
evidence of diffraction caused by tele-
scopic obstruction. In general, reflecting
telescopes, most of which have central
obstructions, give images with lower
contrast and slightly poorer definition
than those of high-quality refractors.
The late planetary astronomer Wil-
liam H. Pickering described a diffraction
experiment which emphasized the im-
pairment of seeing by obstructions. First
he deliberately increased the diffraction
effect by enlarging the obstruction area
of the diagonal mirror with a paper
mask extending beyond the mirror. Then
he entirely eliminated the obstruction of
the diagonal mirror and its supports by
another device—a mask which let the in-
coming rays of light reach the mirror
only through a relatively small off-center
opening. In spite of the reduction in the
amount of light that reached the mirror,
the seeing was greatly improved. Adopt-
ing this working principle, A. E. Doug-
lass, another planetary astronomer,
masked the aperture of a 36-inch tele-
scope in such a way as to leave uncov-
ered only an off-axis circle 13 inches in
diameter [see drawing at upper left in
illustration on page 104]. The result was
a net gain in visibility of fine detail de-
spite the loss of brightness.
Astronomers have noted these evil ef-
fects of central obstruction for many
years, but it is not easy to build large
off-axis telescopes to avoid them. In re-



cent years advanced amateur observers
of the planets and moon who have ex-
hausted the fullest powers of conven-
tional obstructed telescopes have been
inventing new telescope designs for re-
ducing diffraction effects. One of these
is J. S. Hindle of England, son of the
late amateur astronomer J. H. Hindle.
He writes:

“When conventional types of reflect-
ing telescopes are used visually on plan-
ets, especially with large apertures, the
finest detail is usually best seen by using
an off-center diaphragm to cover the
secondary mirror and its supports, as
described by Pickering. However, the
arrangement is far from perfect, as the
large block of glass in the primary mir-
ror is rarely in a state of thermal equili-
brium and definition consequently suf-
fers. An alternative for obtaining
off-axis section of a paraboloid is to coat
a spherical mirror with an uneven layer
of aluminum. Excellent in theory, this
is open to the objection that the thick-
ness of the aluminum deposit must be
extremely accurate to get optimum re-
sults. The Herschelian reflector, used
with a meniscus correcting lens in the re-
turn beam [see drawing at upper right
in illustration on next pagel], seems to
offer an answer. Moving the lens to or
from the mirror gives under- or over-
correction for spherical aberration. Al-
though the scheme gives remarkably
good results with moderate apertures, it
proves cumbersome with large instru-
ments, the observer perforce being
perched high on a ladder or platform in
the dark. The same dangerous and un-
comfortable situation arises when an off-
axis paraboloid is used.

“The skew Cassegrain was first used
to avoid central obstruction by Karl
Fritsch of Austria, who made many small
ones about six inches in diameter, and
A. A. Common of England, who made a
12-inch from which he claimed to get
good visual results. These instruments
used two spherical mirrors [see cross sec-
tion second from top in illustration on
next page]. Although the aberrations of
the secondary tend to cancel the spheri-
cal aberration of the primary, the
method fails when tried on large aper-
tures, the residual spherical aberration
being such that critical detail is unob-
tainable under high magnifications. Tilt-
ing the secondary tends to minimize
spherical aberration but introduces astig-
matism, which causes star images to
appear as short straight lines.

“Another modification which at one
time looked promising was an elliptical
secondary about two thirds the diameter
of the primary [see cross section third

from top]. This large secondary was
necessary because only an off-center sec-
tion of it was used. The scheme failed
on large sizes, due to flexure of the sec-
ondary, which could be supported only
at the edge. The elliptical secondary also
is very difficult to test and figure.

“To dispose of these defects of the
off-axis telescope I have designed and
constructed a Cassegrain-Schmidt com-
bination [see cross section fourth from
top]. It has two spherical mirrors and a
small correcting plate similar to a
Schmidt plate to cure spherical aberra-
tion. In sizes larger than about eight
inches this type will give far sharper
detail and stand far higher magnifica-
tion than the conventional Newtonian
and Cassegrain types. My 12-inch will
stand 600 diameters on most nights and
still give an image nearly as sharp and
crisp as when using only 60 diameters.
Tested against three different 12-inch
reflectors and one 15-inch, it has easily
outclassed the performance of them all
when planetary detail was being ob-
served. The data for a 12-inch telescope
of this type are as follows: Focus of
primary, 10 feet or more. Diameter of
convex, 3 inches. Radius of curvature for
convex, 62 inches. Cone cut off by con-
vex, about % focus. Diameter of correct-
ing plate, 3 inches; thickness, about %
inch.

“If these proportions are approxi-
mated, the primary mirror may be used
for testing the figure of the correcting
plate. The angle of the return cone of
rays, when an illuminated pinhole is
placed at the center of curvature of the
primary, will be identical with the angle
of the cone from the secondary when
the finished instrument is used at infin-
ity. The amount of deviation from flat-
ness that must be imparted to the cor-
recting plate can be calculated from the
familiar formula r?/R, with one impor-
tant difference. The 7 in this case does
not refer to the semi-diameter of the
primary; it refers to the distance from
the optical axis of the system to the
farthest point on the circumference of
the primary.

“When testing the correcting plate
the spherical primary is set up as usual
for the Foucault test but using about six
inches” separation between the pinhole
and knife-edge [bottom drawing]. The
plate is then placed between the primary
and knife-edge, at such a distance that it
just fills with light when viewed from
the center of curvature, without any of
the mirror being visible outside the
plate. In the example given the plate
must be figured until the primary as-
sumes the appearance of a hyperboloid,
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with the outer rays coming to a focus
about % inch longer than the central
rays. It will be necessary to attack both
sides of the plate to obtain this devia-
tion, if the plate is made from polished
plate glass. It is advisable to cut several
square pieces and test for astigmatism
in the return cone of rays from the
primary at center of curvature. The best
shape of polisher for the plate is shown
in the illustration. If the plate is mounted
on a rotating spindle, it may be quickly
roughed to shape with the ball of the
thumb, and afterward finished off with
the polishing pad.

“If the plate shows traces of astig-
matism when finished, do not scrap it
but rotate it in different positions when
in the telescope, as only half of the plate
will be in use and a good diameter usu-
ally can be found.

“The best test for the convex is King’s,
but a fair idea of the figure may be ob-
tained by placing the pinhole at four
times the focal length of the primary
away from the primary and intercepting
the return cone of rays with the convex,
so as to reflect the cone back to the edge
of the primary. On passing a knife-edge
across the apex of the cone, an even
darkening of the light should be ob-
served. The big snag to this method, of
course, is that a long testing room is
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Concerning reflecting telescopes with unobstructed tubes

required. The primary should be alumin-
ized for the test, because there are two
reflections.

“A slightly positive meniscus lens may
be substituted for the correcting plate,
but it will give a rather curved field of
view. The chromatic aberration caused
by the correcting plate is so small as to
escape detection with quite high powers.

“The stops shown between the eye-
piece and the plate are very important,
as objectionable sky flooding will occur
if they are missing or imperfectly posi-
tioned.

“Moving the correcting plate nearer
the convex increases correction for
spherical aberration, and moving it away
has the reverse effect, hence good defini-
tion will not be attained until this adjust-
ment has been made perfect.

“To collimate the instrument it is
necessary to place a button or small cir-
cular object exactly in the center of the
primary, at the open end of the tube.
Both mirrors are then adjusted until the
reflection of the mirror and the button
are seen concentric in the convex, look-
ing from the eyepiece drawtube with the
eyepiece removed.”

The off-axis Cassegrain shown in the
second drawing from the top was in-
vented in 1876 by I. Forster and Karl
Fritsch of Vienna and was known as the
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brachyte. In the December 1, 1952, issue
of The Strolling Astronomer, organ of
the Association of Lunar and Planetary
Observers, Guenter Roth and E. L. Pfan-
nenschmidt described a modern German
variation called the neobrachyte. Roth’s
/20 “neo-bra” has an eight-inch spheri-
cally concave f/12 primary mirror, its
axis tilted to an angle of 3 degrees, 16
minutes and 30 seconds of arc with the
incoming light. The four-inch f/24
spherically convex secondary mirror has
the same radius of curvature as the pri-
mary and is tilted to an angle of 12 de-
grees, 56 minutes from the new or de-
flected axis of the primary (though the
three axes involved are not in the same
plane). The secondary is separated from
the primary by a distance of seven times
the diameter of the primary. Astigmatism
is eliminated by deforming the secondary
to a slight cylindricality with a screw
pressing against its back along one di-
ameter. This subterfuge, which avoids
the necessity of figuring an aspherical
correcting plate, is the secret of the neo-
bra.

According to the authors an eight-inch
neo-bra will show perfectly round, con-
centric star images at powers of 300 to
450. Larger sizes require a shorter focal
ratio, ray tracing and a Dall-Kirkham
primary. Excellent star images were
given by a 12-inch neo-bra at a power
of 500.

Roger Hayward, who made the illus-
tration from Hindle’s sketches, com-
ments: “Irecall . A. Anderson (who had
charge of the optical parts of the 200-
inch Hale telescope) saying that the
ideal size of telescope for visual observa-
tion was around 10 inches. In a smaller
telescope the image suffers from too
little resolving power, in a larger one the
seeing deteriorates. This is because
atmospheric waves that mess up the air
commonly are of such dimensions as to
make the image from a 10-inch disk
wobble about at a rate which the eye can
follow. At twice this size or larger the
image will go in"and out of focus as the
light from two sides of the disk is re-
fracted together or apart. I feel that this,
more than the absence of obstruction, is
likely to have been one reason why the
13-inch diaphragm opening improved
the seeing with the 36-inch telescope.”

Anderson has described a simple
method for observing atmospheric waves
that impair good seeing. These waves are
believed to be ripples at the interfaces
between moving layers of warm and cold
air high aloft. Anderson points a small
low-powered  telescope—for example,
with one-inch aperture, eight-inch focal
length and a low-powered eyepiece—at a
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bright star, holding the eye end with one
hand, the objective end with the other.
Then he swings the objective end in a
circle about a quarter inch in diameter at
the rate of four or five revolutions a
second. Due to the persistence of vision,
the star image is drawn into a nearly
complete circle if the rate of rotation is
correct. You soon learn to judge the state
of the seeing by the number of bright
patches in the circle. The bright patches
correspond to the moments when the
concave crest of the wave is in line with
the telescope so that it refracts the sides
of the interrupted disk together, and the
darker portions correspond to the convex
trough of the waves, which Anderson as-
sumes from experience are about six
inches in length. In good seeing the fre-
quency of the bright patches with this
scintillometer ranges from a few to 25 or
30 a second, while in bad seeing there
are often 150 a second.

Much has been written about the evil
effects of central obstructions on visual
observation, but there is no agreement
about the effects. Laboratory experi-
ments which exclude the effects of the
turbulent atmosphere do not agree close-
ly with tests at the eyepiece out-of-doors.
The laboratory tests seem to prove that
there is no serious impairment of image
quality until 20 to 30 per cent of the
diameter of the aperture is obstructed.
On the other hand, E. K. White of British
Columbia found at the eyepiece that
even the 17 to 25 per cent obstruction in
the typical Newtonian telescope caused
pronounced diffraction effects on the
images of planets. With a reduced
diagonal which obstructed but 10 per
cent of the aperture diameter, he found
that the image quality was greatly im-
proved. The editor of The Strolling As-
tronomer, in which the experiment was
described, remarked that White had ob-
served little-known delicate features on
Saturn about as well with a nine-inch
telescope as he had been able to do with
an 18-inch telescope.

Does the factor described by Hay-
ward—the length of the atmospheric
waves high aloft—have anything to do
with this equality? David W. Rosebrugh,
a veteran observer, believes that it does.
He thinks that the maximum useful
aperture for visual use is six inches, be-
cause larger telescopes are more sensitive
to the atmospheric waves.

After reading a score of articles on the
subject, as I have just done, you may
come to feel that only two facts have
been isolated: (1) unobstructed tele-
scopes are better than obstructed ones;
(2) the effects of obstruction are con-
fused by the effects of size of aperture.
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sweet'en-er

That which sweetens or
imparts a sugarlike flavor.

Example: GLYCERINE!

In products like cough drops,
toothpastes, candies, capsules, and
medicines, where Glycerine’s
major properties make it an im-
portant ingredient, Glycerine’s
pleasant taste is an extra “plus.”
Glycerine not only acts as a
humectant, demulcent, solvent,
plasticizer or preservative in for-
mulations of this type, but also
enhances their flavor.

U.S.P. Glycerine is nontoxic and
easily digested. Its applications in
food processing have been accept-
ed by the American Medical Asso-
ciation Council on Foods, and per-
mitted by Federal and State food
and drug authorities.

If you’re developing a product
that must have any of the prop-
erties mentioned—and be palat-
able too—check Glycerine,

New Pectin Jelly

For example, a concentrated pec-
tin jelly composition was recently
patented. When dissolved in hot
water and then cooled, this solid
aqueous gel forms a larger volume
of edible jelly dessert. Glycerine
acts as a sweetener.

Balance of Properties

Glycerine’s sweetening action is
only one part of the story. You can
count on versatile Glycerine to
serve as—

preservative bodying agent

bacteriostatic stabilizer
lubricant antifreeze
penetrant blending agent

Booklets on the application of Glycer-
ine in the drug and cosmetic and food
fields are available. For your copy,
write Glycerine Producers’ Associa-
tion, Dept. S, 295 Madison Avenue,
New York 17, N, Y.
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Another new development using

This is the millionth electric blanket
broduced by the manufacturer in five years.

B. F. Goodrich Clhemical Company does not manufacture this blanket,

but supplies Geon polyvinyl materials only.

Bloudet; Tath Wined, e Soud S

oU can enjoy warmth without
Yweight when you sleep beneath
this feather-light electric blanket. Choose
your own bed climate at the turn of a
dial—and it stays that way all night.

Geon insulated wires between the
two layers of the blanket feed warmth
to give you a comfortable night’s sleep.
These wires are insulated with the same
Geon vinyl materials used to protect
vital wiring in many of our fighting
planes. At 9 points on the blanket,
special Geon covered thermostats (like
the one shown) automatically turn off
the current should the blanket over-

heat. Just to give you an idea of how
versatile Geon is, the socket plug is
molded from Geon plastic.

These uses for Geon may give you
an idea for developing or improving
products, especially when you know
what else Geon can do. Geon mate-
rials resist oils, greases, acids and
abrasion. They can be made rigid
or flexible, transparent, opaque or
colored. And the variety of products
made from Geon range from insu-
lation to flooring and scores of others.
We'll gladly help you select the Geon
material best suited to your needs.

For technical information, please write
Dept. D-1, B. F. Goodrich Chemical
Company, Rose Building, Cleve-
land 15, Ohio. In Canada: Kitchener,
Ontario.

GEON RESINS ¢ GOOD-RITE PLASTICIZERS . . . the ideal team to make products easier, better and more saleable

GEON polyvinyl materials o

HYCAR American rubber o
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GOOD-RITE chemicals and plasticizers o

HARMON colors
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Remember your first dance?

It was a big event. Of course you wanted to look your best, so the
decision about what to wear was mighty important. It’s just as important to
these youngsters, too—but how much better and more varied is their
selection of clothes—because America’s textile industry is constantly
developing new and better fabrics for all of us!

There are lovelier, more lustrous cottons, finer woolens and silks and, of
course, the remarkable new synthetics. Most of these fabrics have been given

truly magical properties like soft, luxurious texture, greater durability, o
resistance to shrinking, staining, and wrinkles, along with livelier, more AMERICAN COMPANY
lasting colors. Indeed, almost all fabrics, including those for work clothes,

home decoration and industrial uses are being improved through the

o > . EFELLER PL E Y o Yo
industry’s alert use of chemical developments. S0 ROCK AZA, NEW YORK 20, N. ¥

American Cyanamid Company works closely with the textile industry,
supplying it with dyes and chemicals which help to bring new beauty and
serviceability to the fabrics you buy.

Materials for the textile industry—one of the many industries served by Cyanamid
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